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bauverein AG was founded in 1864 as a housing company in
public ownership. The main type of activities include rental
management, housing and commercial estates, management of
co-ownership properties, management of corporate premises,
housing construction and condominiums for sale, conversion
and redevelopment of quarters. The number of rental dwellings
owned is around 18,000, the rental commercial estates about
280, plus approximately 5,000 parking spaces and five public
buildings.
Bauverein AG Darmstadt leads the work on pilot site
preparation and follow-up of the whole project. As a social
housing organization, Bauverein also has to report energy
saving measures and test new optimized measures.

DARMSTADT
COUNTRY: GERMANY (HESSE)
POPULATION: 147 925 (55th city in Germany)
ELEVATION: 144 meters
KÖPPEN CLIMATE CLASSIFICATION: Cfb
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ENERGY SAVING MEASURE #1:
HEINHEMMERSTRAßE
WORK PACKAGE FOR THE
MEASURE

 REPLACEMENT OF SYSTEMS

TYPE OF MEASURE

REPLACEMENT OF SYSTEMS/HEATING/GENERATION

NAME OF THE MEASURE

REPLACEMENT OF THE BOLER FROM STANDARD COMBUSTION BOILER TO
CONDENSING BOILER

NUMBER OF DWELLINGS

10

flow temperature than the previous standard boiler. The
performance of hydraulic balancing and the suitability of the
thermostatic valves are to be examined during the
implementation.

Heating system with a central standard boiler went into service
by gas in a kind of collective system since 1982. Through the
exchange of the boiler with a new gas calorific value
boiler and re-adaption of the performance the ESM
was optimized within the project AFTER.
It costs including installation between 19 100 EUR which can
save ca.10-20% of energy per year comparing to the existing
20-year-old standard boiler. The results in Heinhemmerstraße
shows highest results with an average of 40% of savings after
the implementation of the new boiler.
Hydraulic balancing of the heating system was
implemented by resizing the radiators according to
the old supply temperature instead of replacing them
to ensure each radiator connected to the heating
system to get the same temperature for a better
comfort and more efficient energy saving wherever
radiators are installed in the building. If it’s possible,
a saving of between 3% and 7% in consumption is a
goal.
The most expected objective of this intervention goes to a high
economic benefit from the optimization, nevertheless, the social
and energetic factors are obviously the very important
assessment criterion. The new calorific boiler works at a lower

The subcontractor Energie & Haus creates with the help of the
analytical method Heating ECG (DIN 15378) the basis
for the optimal operation of heating systems. By
Heating ECG it can be determined how efficiently a heating
system is actually working. From the results of a 24h
measurement period for the heating system the errors can be
detected and the relevant solution and suggestion can be
doped out.
Based on a 24h measurement it was found out that the
range of heat power of the existing boiler is 15 –
54kW which is actually slightly oversized and the
currently existing heating system probably based on
the previously installed also non-modulating boilers so
that it can’t meet the need of modern boilers any
more. At the same time it showed that the hydraulic
adjustment leaded to a large temperature fluctuation and thus
much time is spent for regulating work or clocking which causes
unnecessary wear-out in burner and boiler, except that the
temperature variations with corresponding excessive
temperature have led to a larger heating loss. Mostly the boilers
were not shut off by the desired temperature but rather a
highest temperature and the whole equipment is running at a
high flow temperature too.
The optimization of the system based on the results of
the Heating ECG leads usually to save at least 5% (4%
as an average on the Heinhemmer Pilot Site with a
peak of 5,94% of savings for some months). Due to the
small investment (5500 EUR) required heating optimization
based on the heating ECG is highly economical. This particular
ESM has been under the expected amount of energy savings
targeted as the monitoring period has been very short (5
months) and by a human error (cf report) that has troubled the
first month of measurement. Total amount of energy saved per
5 months of monitoring is about 524 kWh.
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ENERGY SAVING MEASURE #2:
MATHILDENSTRAßE
WORK PACKAGE FOR THE
MEASURE

 RECENTLY REFURBISHED BUILDINGS

TYPE OF MEASURE

TOTAL RETROFITTING / GLOBAL REFURBISHMENT

NAME OF THE MEASURE

GLOBAL REFURBISHMENT

NUMBER OF DWELLINGS

19

After the implementation of the ESM the Energy
Consumptions dropped considerably by 69 to 80
percent. This sharp decrease is due to the global
refurbishment because it involved the external shell, the
windows, the renovation of the heating system and the new
ventilation system.
Except the technical remedy the optimization of
ESM#2 is to adapt the ventilation system to tenants’
behaviour by switch off in summer and regulate the
heating system’s control by shut down at night.

Mathildenstr. 36-40 which is a 4/5 storey apartment building
and was destroyed in World War II as well was rebuilt in the
1954 with a simple design. The heating energy carrier is natural
gas and the last building refurbishment was carried out in 2008.
The intervention of optimized ESM#2 consists in
regulation of ventilation system and heating system:
−

New controlled ventilation system with
supply air through the window frame and a
central system in the cellar;

−

New heating system with a low temperature
central
boiler
and
decentralized
heat
exchanger in the dwelling.

In addition, the thermal insulation of the building’s
coat was checked up and renovated, such as the
façades are provided with thermal insulated tint
windows and the balconies house in house number 40
were repaired. Not only the apartments but also the
basement ceiling and roof are controlled by technical staff
completely and detected errors as well provided renovation.
The replacement of the outer shell was also fresh and wasted
pipes were completely redone. There was a total renovation
was implemented for the heating system that a modern central
heating system with the so-called “Satellite
Stations Homes” which function as water-based heat exchanger.

Through a 24h measurement it was found out that the existing
boiler is slightly oversized with a max. heat power of 80kW and
the modulation capability of the burner is not completely used,
approx.20% of the boiler power output is wasted through the
exhaust gas during the measurement period. It is expected to
set a suitable indoor temperature according to the outdoor
climate condition through the new regulation of heating
system, that is to say, it is possible to reduce the
energy consumption from 4% to 7% by a re-adaption
of the heating curve.
This intervention gives the opportunity to evaluate certain
aspects considerable significance in the context of building’s
monitoring which aims to inspect any deficiency in the technical
equipment or the whole ventilation and heating system
regularly and timely, for example, to find out any deficiency of
insulation in coat, walls and windows which leads to heat loss; to
search for water infiltration, integrity of pipes insulation; to
identify the moisture and damage in walls; to find out
deficiencies of the central boiler or heat exchanger like bad
regulation, deficiencies of pumps or valves like bad regulation
of frequency etc.
Economical and energetic effects are two vital evaluation
standards for the intervention. BAUVEREIN spent 110.371,00
for the implementation of the ESM. The additional initial costs
were 16.556,00 . The technical costs for the optimisation of the
ESM were 2.500,00. The staff costs for the optimisation of the
ESM were 3.000,00.
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ENERGY SAVING MEASURE #2:
WOHNART 3
WORK PACKAGE FOR THE
MEASURE

 RECENT LOW ENERGY BUILDINGS

TYPE OF MEASURE

LOW ENERGY BUILDING/2010

NAME OF THE MEASURE

PASSIVHAUS-CERTIFIED BUILDING

NUMBER OF DWELLINGS

44

The hot water will take place over a hot water tank. The
provision of hot water is done via a circulation pump that allows
both day and night time hot water to be available in the
apartments. That means on the other hand we have a lot energy
losses during the period in which there is no need of hot water
by tenants. In view of a high hot water consumption
which is in relation to the entire heating consumption
is around 50%, the whole hot water supply system and
the running time of the circulation pumps were
inspected and optimized taking account of the
tenants’ behaviour at least.
Experience has demonstrated that there are some hours during
a day in which there is no need of hot water but it circulates still
in the pipes and leads to some heat losses. For the optimization
solution it was checked out to what extent the circulation
pump can be turned off, for example in the night time,
so that a reduction of energy consumption up to 7% is
to be expected.

Regarding to low energy house the ESM in the passive house
building WohnArt 3 (double flow ventilation system, triple heat
protection glass and an insulation of the facade with 30 cm EPS,
district heating system) was optimized within the project
AFTER.
The actual consumption for heating and domestic hot
water in Wohnart3 in 2011 accounted for
41.4 kWh/(m²a). This value is about 69 % lower than the
German actual average of 133.0 kWh/(m²a) in 2011. Figures
refer to treated floor area as used in the PHPP calculation
(Wohnart3) resp. the living area (German average); both areas
are supposed to be fairly comparable.

Social performance is one of most important assessment
criterion so as to take full account of the tenants’ behaviour and
their awareness. While implementing the optimization, the fact
is a reduction of energy consumption and energy cost by
tenants and yet accompanied by a reduced living comfort
because of the technical intervention of reducing the working
hours of the circulation pump. However, as there is little
investment (2100 EUR) and no additional technical and staff
costs after optimization then a financial benefit could be
provided to tenants. Besides, a thorough discussion and
interchange between tenants and SHO in tenants’ meeting has
gone far towards tenants’ awareness. They have accepted the
suggestion for saving energy consumption and shown great
interest on more information.
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ESM #1: HEINHEMER STR.
REPLACEMENT OF SYSTEMS

I.

IDENTIFICATION OF THE ENERGY SAVING
MEASURE

WORK PACKAGE FOR THE
MEASURE

 REPLACEMENT OF SYSTEMS

TYPE OF MEASURE

REPLACEMENT OF SYSTEMS/HEATING/GENERATION

NAME OF THE MEASURE

REPLACEMENT OF THE BOLER FROM STANDARD COMBUSTION BOILER TO
CONDENSING BOILER

DESCRIPTION OF THE ENERGY
SAVING MEASURE

TECHNICAL
ASPECTS

The existing situation was: heating system (without DHW) with a central
combustion standard boiler from 1982 and natural gas as fuel.
New situation: exchange of the boiler with a new gas calorific value system
including 1 modulating gas-condensing boiler Viessmann Vitodens 200 with
air pre-heating and regulation Vitotronic 300K (power 15-54 kW).
The hydraulical circuit is composed by 1 heating circuit with overflow valve
and the boiler which is integrated with speed-regulation pump.
The domestic hot water is supplied by decentralized electrical systems.
By the highly efficient new heating system and insulation of the whole outer
shell was the restoration of the final energy demand by about 70% of 232
kWh / m at 68 kWh / m² be reduced so even became the benchmark for a
comparable new exceeded.

IMPLEMENTATION OF THE
MEASURE

2010
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II. IDENTIFICATION OF THE PILOT BUILDING
II.1. GENERAL OVERVIEW
NAME OF THE SOCIAL HOUSING ORGANIZATION

Bauverein AG

COUNTRY

Germany

ADDRESS OF THE BUILDING

NUMBER

65

STREET

Heinheimerstraße 65

CITY
(+CODE)

Darmstadt (64249)

CLIMATIC
ZONE

Cfb

INDIVIDUAL/COLLECTIVE

 Collective

YEAR OF DELIVERY FOR THE BUILDING

1957

NUMBER OF STORIES

5

NUMBER OF DWELLINGS

10

NUMBER OF INHABITANTS

Not provided

ENERGY CARRIER FOR HEATING

Natural gas

“

II.2. BUILDING DESCRIPTION
TYPOLOGY

Low-rise apartment block

CONDITIONNED FLOOR AREA

450

NUMBER OF DWELLINGS

10

CONSTRUCTIVE TYPOLOGY

 Complete solid masonry

WALLS TYPOLOGY

INSULATION

 External thermal insulation

INSULATION
MATERIAL

 Cellular plastics: EPS

TIGHTNESS (CM)

4

EXTERIOR TRIM

 Cladding: brck

INSULATION

 Ceilar

INSULATION
MATERIAL

 Cellular plastics: EPS

TIGHTNESS (CM)



CEILLAR, BASEMENT
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TYPE OF ROOF, TERRACES

TYPE OF WINDOWS

INSULATION

 Gable roof

INSULATION
MATERIAL

 Cellular plastics: EPS

GLAZZING

 Double

FRAME

 PVC

II.3. PREVIOUS REFURBISHMENTS
YEAR OF
IMPLEMENTATION

TYPE OF REFURBISHMENT PART OF THE BUILDING
IMPACTED

REFURBISHMENT DESCRIPTION

2010

 Major refurbishment

New boiler

Boiler

II.4. BUILDING EQUIPMENT
II.5.1. Heating
ENERGY CARRIER

 Natural gas

DISTRIBUTION

 Collective

PRODUCTION

 Condensing boiler

EMISSION

 Radiators

MONITORING

 Thermostatic valves

HEATING EQUIPMENT #1: HEAT TRANSFER STATION
IDENTIFICATION

VIESSMANN VITODENS 200

TYPE

 Modulating condensing boiler

START-UP DATE

2010

NUMBER

1

POWER (KW)

15-54 kw

II.5.2. Domestic Hot Water
ENERGY CARRIER

 Electricity

DISTRIBUTION

 Individual

II.5.3. Ventilation
DISTRIBUTION

 Collective

TYPE

 Natural

IEE 10/344 - AFTER PROJECT / REPORT GERMANY

1
3

II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM
YEAR
HEATING

in kWh

2007

2008

2009

2010

2011

2012

45 054

58 616

39 837

55 855

22 973

34 715

2941

3219

3132

3625

2866

3218

WATER
HEATING DEGREE
DAYS

III. IDENTIFICATION OF THE OPTIMIZATION SOLUTION
FOR THE ORIGINAL ENERGY SAVING MEASURE

III.1. GENERAL DESCRIPTION FOR THE OPTIMIZATION SOLUTION

II.5.2. Optimization selection #1
DESCRIPTION OF THE OPTIMIZATION PROPOSED
FOR IMPROVING THE EFFICIENCY OF THE EXISTING
ENERGY SAVING MEASURE
 TECHNICAL INTERVENTION
 MAINTENANCE REGULATION
HYDRAULIC BALANCING OF THE SYSTEM
In the exchange of the heating system a calorific boiler has been
installed, which has to make do with a lower flow temperature
than the previous standard boiler.
Hydraulic balancing is very important for this intervention,
because the radiators were not replaced and they were sized
according to the old supply temperature. By hydraulic balancing
is ensured that each radiator gets the same amount of heat.

PURPOSE FOR IMPLEMENTING THE OPTIMIZATION
SOLUTION
On the basis of the German Energy Saving Regulation EnEV
2002 (Energieeinsparverordnung 2002), all the central heating
systems that were implemented before 1978 had to be replaced
in recent years. With the EnEV 2002 the Federal Government
Germany would achieve the targets that were clarified in Kyoto
Protocol and thus is working on the principle that the energy
consumption can be obviously reduced by replacing the old
heating systems. By comparison through using condensing
boilers the consumption of energy can be spared up to 30%.
Hence bauverein AG Darmstadt had to replace about 37
heating boilers in the existing dwellings in recent five years.

The optimized ESM#1 is implemented through the whole year
2013 and the new regulation will be monitored through the
collection of energy consumption data with every 2 weeks data
updating.
Analytical method “Heating ECG (DIN 15378)” works as the
basis for the optimal operation of heating systems.
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Figure 1 – CO2-Reduction of heating supply { Figure source: Verbändearbeitskreis.}

In comparison with the old boiler energy consumption was
saved at a low temperature up to approximately 20%. As a
result, after replacing the old boiler, the expense is to be spared
between 20% and 30% by a boiler with new technics.

Figure-2 – Energy consumption and cost-Saving with new boiler

Figure -3 – Increase of useful heat
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Within the scope of inventory for AFTER project the varying
types of heating were applied for differential buildings.
Unfortunately, it was not proven that the energy consumption in
the dwellings was reduced significantly, even though standard
boiler was replaced by low-temperature boiler or condensing
boiler. Because of their essential higher efficiency lowtemperature boiler and condensing boiler ought to consume
considerably less energy – but that was not the case in this
instance.
The review of maintenance intervals has indicated that the
systems work always orderly and are maintained by an
authorized company at least once a year, as well as it didn’t
detect any major irregularity in the systems.
With a certain speculation the new boilers may not be regulated
in the residential buildings properly. Hence, it is very important
for our company to decide to investigate and inspect the
systems based upon the method Retro-Commissioning, how to
examine or correct the adjustment of power and heating curve.
The reason for choosing ESM#1 for the pilot building in the
Heinheim str.65 is that the system in it produces only heat and
therefore the performance of hydraulic alignment is not
distorted by a part of energy requirement for domestic hot
water. In conclusion, a potential energy saving can be
transferred into other real properties. In addition, the pilot
building in Heinheimer str.65 is a typical residential building
constructed in the 1950s, this building type has a share of
approx. 60% of the total building stocks, and therefore this
result could be a good multiplication.

With the results from 24-hours measuring (all relevant data and
temperature of heating system involved) it is suggested to on
one hand detect errors, on the other hand to provide
recommendation for the optimization.
The expected energy saving value is set between 3% and 7% in
consumption.
The optimization of the system based on the results of the
heating ECG leads usually to save at least 5%, often significantly
longer. Due to the small investment required heating
optimization based on the heating ECG is highly economical.

OBJECTIVE TARGETED
 Improve the energy performance

MEASUREMENT FOR THE OBJECTIVE TARGETED
 Quantitative
 qualitative
TYPE OF MEASUREMENT
 Energy
 costs
 satisfaction rate
 thermal comfort

III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS
III.2.A. Optimization process #1
DESCRIPTION OF THE ACTION:
Implementation of the Analytical method “Heating ECG (DIN
15378)” works as the basis for the optimal operation of heating
systems.
According to a 24h-measure-cycle it was found that the range of
heat power of the existing boilers was 15-54 kW which was
slightly oversized, but the flue gas value showed no
abnormality. The currently existing system and hydraulics
probably based on the previously installed also non-modulating
boilers and didn’t meet the need of modern boilers. The

hydraulic adjustment leaded to large temperature fluctuations
and thus much time regulating work or clocking. Mostly the
boilers were not shut off by the desired temperature but rather
its highest temperature.
It was checked that the whole equipment was running at a high
flow temperature. The high clocking caused unnecessary wearout in burner and boiler, as well the temperature variations with
corresponding excessive temperature have led to a larger loss.
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SYSTEM IMPACTED
HEATING SYSTEM

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

With the help of Heating ECG (DIN 15378) the basis for the optimal
operation of heating systems was created. By Heating ECG it can be
determined how efficiently a heating system is actually working. During
the 24h measurement all the relevant data and temperature of the
heating system can be recorded. From the recordings on the one hand
some errors in the system can be detected, on the other hand it can
also provide recommendations for this action which leads to an optimal
operation of the heating system.

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETER
MEASURED

PARAMETER

UNITY

Average ambient temperature in °C
measuring period:
Average
boiler:

flow

temperature

of °C

Average
boiler

return

temperature

of °C

Average temperature of reference °C
room - close (1.upper floor)
Average temperature of reference °C
room – far (attic floor)
Consumption in measuring period kWh
Effect of building storage mass

•

Running duration of burner

h

Average burner power / running kW
duration
Necessary power for continuous kW
operation
Burner starts

TIME RANGE

Average burner running time

min

Average oxygen concentration

%

Loss of fuel value

%

Loss of flue gas

%

Loss of ventilation

%

24-hours measurement
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RESULTS DURING THE 24H-MEASURE CYCLE
Average ambient temperature in measuring period:
Average flow temperature of boiler:
Average return temperature of boiler:
Average temperature of reference room - close (1.upper
floor):
Average temperature of reference room – far (attic
floor):
Consumption in measuring period
Effect of building storage mass:
Running duration of burner
Average burner power / running duration:
Necessary power for continuous operation:
Burner starts:
Average burner running time
Average oxygen concentration:
Loss of fuel value
Loss of flue gas
Loss of ventilation

NOCTURNAL TEMPERATURE REDUCTION
The measurement results of boilers are shown in diagram 1. It is
clearly visible that the nocturnal temperature reduction between
0 to 5am is about 12°C.

-0,5 °C
76 °C
48 °C
20,3°C
19,0 °C
241 kWh
11,0 h
21,2 kW
9,7 kW
126 (ca. 12 / h)
5,2 min
6,4%
7,9 %
2,7 %
0,4 %

BURNER PERFORMANCE
The CO values (indicated in Fig.2) are in the middle at 26 ppm
with a starting peak of about 500 ppm. The combustion loss
related to caloric value (see Fig.3) were continuously during the
measurement less than 3%. All of this points to a properly
adjusted and functioning burner.

Table 4: Boiler spread, heat and ambient temperature

Table 5: Flue gas temperature and CO-concentration
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Table 6: Loss of flue gas and caloric value in measuring period

Table 7: Heat and spread of boilers (section)

HYDRAULICS AND REGULATION
The 126 burner starts in 24h measuring cycle and the high flue
gas temperature and flow temperature stop by an unfavorable
hydraulic and control system and it leads to a heating value
efficiency of only 28%, as well as an unnecessary wear out in
burners and boilers. As the example in the section in Fig. 4
shown that the burners are clocked at an interval of 5 minutes,
in order to reduce start-up time, to reach the highest
temperature of boiler and to back off quickly. This situation is
possibly corrected by an increase in the hysteresis or the
clocked time interval. Optimization of the hydraulic system and
the control technology is therefore also a main saving capability
of the equipment.

In order to compare the heat supply between in a hydraulic
close to (Fig. 5) and far away (Fig. 6) from the room, the heat
flow and return flow on radiators as well the room temperature
on the 1st upper floor and in the attic were measured. The room
temperature and the middle temperature difference between
radiators and room temperature as well the room heating rate
are illustrated. It can be seen that both in the near as well as far
away from the room a much adequate heat supply can be
guaranteed. The heating rate can be about 3,5 °C/h.
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Table 8: room temperature, middle radiator temperature difference to RT and the heating rate in near room

Table 9 : room temperature, middle radiator temperature difference to RT and the
heating rate in far room
Fig.7 and 8 show the flow temperature of radiators and boilers.
This is also visible that the from boiler provided flow
temperature is largely untapped. Once the thermostatic
radiator valves fully open, both in the near and distant as shown
in Fig.6 and 7 the heating rate can be achieved. After the

successful balance which is achieved through installing the
modern and pre-adjustable thermostatic valves, the heat curve
can be obviously downward adjusted and the excessive
overclocking be prevented in distant areas

.

Table 10: cf. heating in boiler and radiators
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Table 11: section of Diagram 7

EXTRAPOLATE RESULTS
The following results are derived from the 24-h-Measuring results and the location data:

Required boiler power

ca. 26 kW

Total loss:

12,3 %

Composed of:

loss of
caloric
value:

4,3 %

Loss of flue
gas

1,9 %

Loss in
allocators:

5%

Loss in
ventilation:

0,4 %

Fig.9 shows the calculated distribution on loss for the adjusted
heat curve with a rise of 1,4 and an offset of 10 K, as well as the
heating power distribution over the ambient temperature in
Darmstadt.

Table 11: calculated and current loss by heat curve 1,4/10

IEE 10/344 - AFTER PROJECT / REPORT GERMANY

2
1

Table 11: cf. current heat curve with lowered heat curve

Through the hydraulic balancing and the appropriate
adjustment of volume flow now the heat curve can be reduced
at 1,3 / 0, as shown in Fig. 10, the results in loss are illustrated in
Fig.11.
This lead to a calculated consume reduction by 5,3%, mainly due
to the better use of the caloric values but also the lower
distribution loss.

Table 12: Expecting loss by heat curve 1,3/10

SUMMARY & SUGGESTIONS
• The range of heat power of the existing boilers is 15 – 54 kW
and slightly oversized, as well as the flue gas value show no
abnormality.
• The currently existing system and hydraulics probably based
on the previously installed also non-modulating boilers and
don’t meet the need of modern boilers. The hydraulic
adjustment leads to large temperature fluctuations and thus
much time regulating work or clocking. The desired
temperature but rather its highest temperature does not shut
off mostly the boilers.

• The high clocking causes unnecessary wearout in burner and
boiler, also the temperature fluctuation with corresponding
excessive temperature lead to larger loss.
• The equipment is running at a high flow temperature.
• Hydraulic balancing of heating pipeline through installation of
modern thermostatic valves and adjustment of volume flow /
pump speed.
• Revision of the control technology with the aim of long burner
running time in modulating operation at low flow temperature.
• Gradual reduction of the heating curve.
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III.2.B. Optimization process #2
DESCRIPTION OF THE ACTION:
From the measured results it is proved that the range of heat
power of the existing boilers is 15 – 54 kW and slightly
oversized, as well as the fuel gas value shows no abnormality.
The currently existing system and hydraulics probably based on
the previously installed also non-modulating boilers and don’t
meet the need of modern boilers. The hydraulic adjustment
leads to large temperature fluctuation and thus much time
regulating work or clocking. Mostly the boilers are not shut off
by the desired temperature but rather its highest temperature.
.

In addition, the high clocking causes unnecessary wear out in
burner and boiler, also the temperature variations with
corresponding excessive temperature lead to larger loss. The
heating equipment was measured with running at a high flow
temperature which shall be reduced logically.
With help of the analytical method heating ECG the engineer
and heating installer reviewed the calorific heating boiler and
inspect the heating system on site

Review of the plant on site with an engineer and a heating installer:

The engineer and the plumber check the boiler on site:

The controller of the boiler:

The pump:

During the on-site review of the results from the heating ECG recording of other problems in the system the following problems were
detected:
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Problem 1: The insulation doesn’t work correctly.

Problem 2: Connection between the flow and return pipe.

Problem 3: Automatic water filling without water treatment.

Problem 4: The valves must be changed before starting hydraulic balancing.
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SYSTEM IMPACTED
HEATING SYSTEM

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

Inspection of the system after the results of the presenting heating
ECG

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETER
MEASURED

Measurement for whole facility.
The relevant data like heating energy consumption (kwh) and its cost ( ),
heating degree days (°C), the temperature of incoming and return
water, as well the outside temperature (meteorological station) are
measured.
Measuring period: entire year 2013.

TIME RANGE

Monthly

III.2.B. Optimization process #3
DESCRIPTION OF THE ACTION:
Reduction of the heating curves (cf. new proposal included in the report for DESCRIPTION OF ACTION)

Table 13: cf. current heat curve with lowered heat curve

Table 14: Diagram 11: Expecting loss by heat curve 1,3 / 0

Building behaviour, on which the new regulation is applied, will
be monitored through the collection of energy consumption
data.
The timing of data updates is every two hours (Beginning from
1st December 2012).
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SYSTEM IMPACTED
HEATING SYSTEM

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

New regulation of heating system

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETER
MEASURED

•

Measurement for whole facility.

•

The relevant data like heating energy consumption (kWh) and its
cost (EUR), heating degree days (°C), the temperature of incoming
and return water, as well the outside temperature (meteorological
station) are measured.

Measuring period: entire year 2013.
TIME RANGE

monthly

III.2.B. Optimization process #4
DESCRIPTION OF THE ACTION:
Revision of the control technology with the aim of long burner running time in modulating operation by low flow
temperature:

SYSTEM IMPACTED
HEATING SYSTEM

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

New regulation of heating system

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETER
MEASURED

•

Measurement for whole facility.

•

The relevant data like heating energy consumption (kWh) and its
cost (EUR), heating degree days (°C), the temperature of incoming
and return water, as well the outside temperature (meteorological
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station) are measured.
Measuring period: entire year 2013.
TIME RANGE

monthly

III.2.B. Optimization process #5
DESCRIPTION OF THE ACTION:
Hydraulic balancing of heating pipeline through installation of
modern thermostatic valves and adjustment of volume
flow/pump speed reducing the flow temperature of the heating
system.
APPLICATION OF THE VALVE :

SYSTEM OF HYDRAULIC BALANCING:

SYSTEM OF THE NEW RADIATOR-VALVE
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OPERATION OF THE VALVE:

Hydraulic balancing is an important prerequisite for efficient
heating and shall be done by the installation of a new boiler. For
already installed condensing boilers, hydraulic balancing can be
performed by a specialized technician subsequently.
With hydraulic balancing the various components of the heating
system are properly adjusted and adapted to the building needs
– from the boiler via the pump to the thermostat valves. This
reduces energy consumption and increases the living comfort,
because the disturbing flow noise of the heating disappears.
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SYSTEM IMPACTED
HEATING SYSTEM

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

New hydraulic balancing.

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETER
MEASURED

•

Measurement for whole facility.

•

The relevant data like heating energy consumption (kWh) and its
cost (EUR), heating degree days (°C), the temperature of incoming
and return water, as well the outside temperature (meteorological
station) are measured.

Measuring period: entire year 2013.
TIME RANGE

monthly

MARCH
. 14

DEC.
14

SEPT.
14

JUNE.
13

MAY.
13

FEB.
13

FEB. 13

JAN. 13

11.12.1
2

2010

IV. PLANNING

Replacement of the oild boiler with the new
condensing boiler
Analytical method “Heating ECG (DIN 15378)
On-site review of the results from the heating
ECG recording of other problems in the
system the following problems were detected
New regulation of heating system
Longer running time for the burner with low
flow temperature.
. Hydraulic balancing of heating pipeline
through installation of modern thermostatic
valves and adjustment of volume flow/pump
speed.
Monitoring period

V. BUDGET
INITIAL INVESTMENT
COSTS FOR THE ENERGY
SAVING MEASURE

19 900

INITIAL INVESTMENT
COSTS FOR THE
OPTIMIZATION ESM

IMPLEMENTATION
OF THE HEATING
ECG METHOD

REDUCTION OF
THE HEATING
CURVE

TECHNICAL
ASPECTS

2500

STAFF COSTS

2500

STAFF COSTS
FOR ENGINEER

500
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VI. REPORTING OF THE COLLECTED RESULTS
VI.1. Baseline period identification
IDENTIFICATION OF THE BASELINE PERIOD

START

END

ALL BASELINE ENERGY DATA

MONTH

January

YEAR

2010

MONTH

May

YEAR

2013

TYPE OF ENERGY NATURAL GAS
TIME RANGE
BETWEEN THE
MEASUREMENT

Monthly

UNITY

MWh

LEGAL
20°C
TEMPERATURE
IN THE BUILDING

VI.2. Monitoring period identification
IDENTIFICATION OF THE MONITORING PERIOD

START

END

ALL BASELINE ENERGY DATA

Month

September

Year

2013

Month

February

Year

2014

TYPE OF ENERGY NATURAL GAS
TIME RANGE
BETWEEN THE
MEASUREMENT

Monthly

UNITY

MWh

LEGAL
20°C
TEMPERATURE
IN THE BUILDING

VI.3. Synthesis of the results
Normalized energy consumption analysis
After the hydraulic balance was reported in December by a
tenant that the heater was not warm. Then the janitor has
deferred the heating curve again, which explains the absence of

energy savings. In January, the plant was re-regulated,
therefore now would significantly save energy.
For calculation of savings we use HDD from website of IWU.
The base temperatures are 20°C and 15°C.
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Month
JAN
FEB
MAR
APR
MAI
JUN
JUL
AUG
SEP
OKT
NOV
DEC
Year

HDD 20/15
2005
520
542
414
238
158
46
0
12
71
212
432
553
3196

Month
JAN
FEB
MAR
APR
MAI
JUN
JUL
AUG
SEP
OKT
NOV
DEC
Year

HDD 18/15
2005
458
486
354
186
122
32
0
8
51
162
372
491
2720

2006

2007

2008

2009

2010

2011

2012

2013

638

432

470

679

672

541

507

564

517

398

455

495

511

476

604

529

503

381

433

432

422

384

342

534

289

152

332

123

251

140

295

271

106

96

53

91

221

77

95

190

53

18

26

49

24

23

37

48

0

23

7

0

0

7

0

0

46

0

0

0

25

5

0

0

0

137

172

61

135

44

120

117

162

298

305

304

310

269

308

219

352

453

408

344

384

438

407

426

475

555

560

555

670

462

504

479

3141

2941

3219

3133

3625

2866

3218

3376

2006

2007

2008

2009

2010

2011

2012

2013

576

370

408

617

610

479

445

502

461

342

397

439

455

420

546

473

441

319

371

370

360

322

280

472

231

118

272

91

201

104

243

225

78

70

37

63

173

57

73

142

39

12

18

35

16

15

25

32

0

15

5

0

0

5

0

0

32

0

0

0

17

3

0

0

0

99

132

41

99

30

86

83

120

244

245

248

256

221

250

171

292

393

348

284

328

378

347

366

413

493

498

493

608

400

442

417

2683

2473

2729

2681

3123

2434

2736

2882

2014
475
400
344

1219

2014
413
344
282

1039

Table 15: Heating Degree Days value per month

The analysis takes and compares the heating degree days used
for existing buildings and HDD comparable to Eurostat data,
both given from the SHO. There is an evident difference
between the methods.
On the basis of measured results it was proven that the existing
boiler’s heat power was over- dimensioned and therefore
certain potential for possible energy savings was recognized.
With the possibility of the replacement of heat generator came
the chance to resolve another problems, which were recognized
by tenants, such as unbalanced hydraulics system.

Replacement of conventional combustion plants with new gas
condensing technologies in real terms allows 15% increase in
the efficiency of the heating system, which has a significant
impact on the annual efficiency. Replacing older conventional
combustion plants or the total system enables energy savings of
up to 40%. Replacement of boiler shows unrealistically high
savings (74%), therefore it is not possible to extract appropriate
conclusions. The measured consumption in the heating season is
very likely incorrect, since we do not possess any monthly data
for this period and we are unable to check it, but on the other
hand do have monthly consumption for the last three years and
can therefore make a fair judgement on its value.

Consumption [kWh]

Normalized energy
consumption
150000

11743
5

100000

30705

50000
0

Heating
season
2009‐2010

Heating
season
2012‐2013
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700,0
600,0
500,0

Kd

400,0
300,0
200,0
100,0
0,0

Month
2012

2013

2014

Table 16: Heating Degree Days in the observation period

While observing heating degree days in the period between
December 2012 and March 2014 we are able to declare year
2013 as the coldest of them all, since it has 3376 Kd, while on
the other hand 2012 has 3218 Kd and 2014 is not finished yet.
The biggest consumption and consequently potential energy
savings are expected to be in 2013.
The observation of energy consumption can be divided into 3
separate periods. The first phase of the ESM (change of the

boiler) was implemented in 2010, while the last phase (hydraulic
balancing and gradual reduction of the heating curve) was
carried out in November 2013. We are to observe the
consumption before and after ESM, as well in the phases
between. Since we possess monthly measured data only from
the year 2012 on, analysis are made for normalized consumption
before implemented phase 3 of ESM and after completing ESM.
Normalized consumption before ESM is made on a yearly basis

Monthly energy consump1on (hea1ng)
Consumption [kWh]

7000
6000
5000
4000
3000
2000
1000
0

Janua Febru Marc
April
ry
ary
h

May

June

July

2012 5456,1 6502 3687,7 3180,91024,4 401,12

0

2013

0

5936 4690 2660 2294,4 738,89 75,3

Augu Septe Octob Nove Dece
st
mber er mber mber
0

903,93 2901,1 4808,6 5824,5

21,83 872,752531,4 4726 5516

2014 5 884, 3774
Table 17. Energy consumption per month (heating)
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Normalized monthly energy consump1on (hea1ng; Degree Days [Kd]
20 / 15)
8000
Consumption [kWh]

7000
6000
5000
4000
3000
2000
1000
0

July

August

Septem
Novem Decemb
October
ber
ber
er

2012 6157,40 5359,26 4590,18 3126,62 1513,04 564,84

0,00

0,00

839,41 2810,11 5162,78 6258,86

2013 6021,77 4406,80 2118,92 2458,41 545,69

0,00

0,00

832,71 3443,76 4855,90 6230,53

January

Februar
March
y

2014 7086,40 4694,47

April

May

June

82,52

0,00

Table 18:- Normalized energy consumption per month (HDD 20/15)

Normalized monthly energy consump1on (hea1ng; Degree Days
[Kd] 18 / 15)

Consumption [kWh]

8000
7000
6000
5000
4000
3000
2000
1000
0

Januar Februa
March
y
ry

July

August

Septem Octobe Novem Decem
ber
r
ber
ber

2012 6255,16 5255,50 4794,30 3101,03 1491,22 590,24

0,00

0,00

856,98 2798,72 5225,28 6319,85

2013 6032,37 4368,23 2049,74 2419,82 553,01

0,00

0,00

859,51 3564,02 4878,43 6336,77

2014 7266,95 4838,74

April

May

June

87,81

0,00

Table 18:- Normalized energy consumption per month (HDD 18/15)

IEE 10/344 - AFTER PROJECT / REPORT GERMANY

3
3

10%

Savings [%]

5%
0%
‐5%
‐10%
‐15%
‐20%

November

December

January

February

Existing buildings Degree Days
[Kd] 20 / 15

5,94%

0,45%

‐16,37%

3,86%

Eurostat Degree Days [Kd] 18 / 15

6,64%

‐0,27%

‐15,34%

2,44%

Table 19: Energy savings for ESM: hydraulic balancing according to HDD used for existing buildings and Eurostat's

It was possible to observe and compare four months of the
heating season before and implementing the energy
optimizations steps. Energy consumption was normalized
according to degree days used for existing buildings ([Kd]
20/15) and according to Eurostat ([Kd[ 18/15). Energy savings

ESM ‐ energy savings measure: Replacement of boiler
Cost of investment
Cost of the optimization Nr. 1
Cost of the optimization Nr. 2
Cost of the optimization Nr. 3
Total cumulative investment

Cost
19.900,00 €
5.000,00 €
‐ €
500,00 €
25.400,00 €

Total cumulative investment amounts to 25.400,00 EUR, where
the highest cost in ESM represents the investment in the
replacement of boiler. The replacement was implemented in
2010, while the rest of the optimization three years later in
November 2013. The new boiler gave unrealistically high energy
savings (74%), so we must conclude the measured data before
the implementation of ESM is incorrect.

Observation year
Consumption [kWh]
GHG [t]
Savings

Observation period
Consumption [kWh]
GHG [t]
Savings

before ESM
2009
117434
29,3585

were recorded in each month except January, because the
improper boiler settings.
The highest savings were in November, where 5,94 %
of savings was noted.

We mark the period from the replacement of boiler to the
completion of optimization step as “ESM mid”. The
optimization steps were implemented in October 2013, which
consequently gives a short observation period for energy
savings.

ESM mid
2012
30705
7,67625
74%

before ESM
nov.12‐feb.13
16304
4,076

after ESM
nov.13‐feb.14
15780
3,945
3%
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We are able to declare that the implementation of hydraulic
balancing and gradual reduction of the heating curve did
produce savings in November 2013 and February 2014. In
December 2013 there is not sign of improvement, since the
normalized consumption has not changed. January 2014 stands
out, since the normalized consumption has increased by 40%.
The main reason lies in re-adjusting the heating curve. As SHO
explains, after the hydraulic balance was reported in December
2013 by a tenant the heater was not warm. Then the janitor has
deferred the heating curve again, which explains the absence of
energy savings in January. In the same month, the plant was reregulated, therefore further on significantly energy savings are
expected. Possible reasons have already been explained but
such high consumption creates an anomaly that cannot be taken
into final consideration of the optimization savings. By taking
into account only the period from November –
December - February (year 2012 and 2013), the
average energy savings were 4 % which is in the
expected range.
Replacement of the boiler is a high cost solution, but it gives
significant energy savings. With implementing ESM1, the
optimization steps are considered to be mid-range cost solution
with some savings. The expected energy savings were set
between 3% and 7% and after completing the optimization
solutions and therefore completing ESM, the energy saving
resulted in that exact range (November 2013 and February
2014) in comparison with the period after replacement of
boiler), where January was taken out of the observed period,

due to inappropriate settings of the heating curve in those two
months. We can assess that a properly boiler’s settings would
and will show energy savings in the measured consumption in
the future.
For all the above reasons, we assess that this optimization
solution should be highly replicable for similar cases in all of
Europe. The improvement of the tenants’ awareness regarding
the environmental issues should allow the reduction of the
energy consumption (heating, water, electricity). Without a
specific monitoring of the tenants consumptions is not possible
to estimate the real decrease of the tenants’ energy
consumption.

NOTA BENE:

The participating SHO agree to have failed in
reporting good data at the right moment. Data have
been corrected at the end of the project. This didn’t
allow the Scientific partners to process the existing
data.
Nevertheless the SHO has provided the relevant
consumptions for both DHW and heating for the
Heinhemmerstraße 65 building. This last moment
adding will allow us to better assess the efficiency for
the original ESM (changing of boiler) and its impact on
the building consumptions:

Year

2007

2008

2009

2010

2011

2012

Consumptions
{kWh}
Normalized
consumptions
{kWh}
2011
consumptions
savings
2011
consumptions
savings

45 054

58 616

39 837

55 855

22973

36382

47 321

56 244

39 284

47 599

24 757

33 323

-48%

-66%

-37%

-48%

-30%

-41%

-15%

-30%

Estimations lead us to approximate reduction of
energy consumptions equal to 40% after the
implementation of the new gas calorific boiler.
According to the average energy consumption for the
building, these savings can be identified
approximately at 19,044 MWh for a year after the
implementation of the new boiler.

VII. TENANTS COMFORT AND SATISFACTION
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There are 30 households in the Heinheimer Strasse. However
only 4 households participated in answering the telephone
questions. All others were either not available, were not able to
speak German or did not want to participate. Like the other
inhabitants of Mathilden Strasse and WohnArt 3 a very high
overall satisfaction with the housing situation and the current
heat supply was visible.

The here identified desired comfortable room temperature is in
line with many other AFTER tenants’ notion of desirable room
temperature.

Dissetisfaction was mentioned in respect to a too early
automatical switch off of the heating and the notion that the
individual radiator was not warm enough. “The radiator is just
lukewarm”. Therefore the explanation for the tenants and the
staff that the hydraulic balance leads exactly to less hot
radiators is important. When looking at the setting of the
thermostatic valves in the living room the setting is III (also in
Mathilde as described below). Quite interesting is the range of
desired living room temperature: there is a variance of
20°C- 25°C.

There is a certain discrepancy with the statement of being
happy with bedroom temperatures of 16°C -18° C and an
overall indoor temperature of 20°C as indicated in the context
of energy saving and energy costs. All tenants have a
strong interest in their individual energy consumption
and energy saving for financial and environment
protection reasons. All of them check the heat cost bill. They
also would accept comfort reduction in order to save money.
This might be the reason of the described discrepancy.
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The interest in cost saving finds a reflection in the expectation
of cost reduction after the optimisation. While the tenants of
Heinheimer Strasse are quite indifferent the Mathilden Strasse
tenants and the WohnArt 3 tenants do have the expectation of
lower heating costs.

information.Tenants are interested in the optimisation measure
and its possible effects and saving results.This raised tenants’
interest will be met by an information flyer dis-seminated to the
tenants. Parallel the bauverein AG will have a check of the noise
related complaints (air in the radiator and noises coming from
the thermostatic valves).

The tenants have been asked whether the realized changes
after the optimisation in November 2013. It has to be
reported that by accident the optimisation measure had been
neutralised by an uninformed staff member after the complaint
of one tenant. Therefore hardly any effect could have been
reported by the tenants.
As the optimisation measure was done once more in January
2014 this unforeseen situation will be used for a tenants’

VIII. LESSONS LEARNT
•

•

•

The optimizations solution for ESM showed expected
energy savings, on the basis of relevant measured
energy consumption. The investment in optimization
ranks as middle cost solution, but it gives satisfactory
savings in return and therefore costs.
It would be advisable to monitor the consumption
further on, in order to show the tenants and other
building owners that such optimizations is
economically justified and in accordance with the
latest energy policies, since among others brings a
reduction of greenhouse gas emissions.
To boost further energy savings and raise awareness
of the EU goals, that leads reduction of energy
consumption and GHG emission it would be useful to
assess the possibility of building’s envelope
refurbishment. Since the heat generator was already
replaced the next logical step is building envelope. Its
refurbishment can give significant reduction of energy
consumption.

ELABORATION OF LESSONS LEARNED
During the process of implementing ESM #1 and conducting
tenant survey some problems that hide in the housing building
stock also its heating system therefore lead to energy waste to
a great extent. However, with a solid and rounded analysis by
housing company and scientific partners there are certainly lots
of lessons and experience drawn from it.
•

Because the current heating system and hydraulics
probably was based on the previously installed i.e.
non-modulating boilers, it was found out that they
couldn’t meet the need of modern boilers and the
existing boilers are slightly oversized with a range of
heat power 15-54 kW.

•

In most instances the boilers are not shut off by a
desired temperature but rather a highest or
undesired temperature, so that the equipment is
running almost always at a high flow temperature,
which leads to not only a high wear rate of
equipment but also undesirable heat loss.
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•

After the hydraulic balancing it is ensured that each
radiator gets the same temperature, which makes
the indoor climate more comfortable and also spare
energy cost to a certain degree.

RESULTS

briefing to the caretaker by the company and the engineer.
After completion of the project tenants are informed of the
attached letter about the consequences of the measure.

1 INFORMATION FOR TENANTS AFTER HYDRAULIC
BALANCING

An improper operation of heating systems is often due to a
missed or inadequately performed hydraulic balancing. In
particular, in the old building is undefined mass flow
distributions also arise as a result of an incorrectly sized radiator
services, subsequent insulation and construction or by
contamination in the heating network. Compensation measures
to increase the heat output, such as increasing the pump
capacity or an increase in the flow temperature, thereby leading
to unnecessarily increased energy consumption. Consequently,
the idea in WP 5 was to reduce the energy consumption by the
hydraulic balancing. The work on the heating system was very
complex and therefore costly because of the age of the heating
valves and the valve in the distribution, the entire heating
system had to be emptied so that the valves be replaced could .
Another advantage of the hydraulic balance is a more
comfortable living by the uniform distribution of heat in the
apartment as the reducing interfering noises from the heating
system. In the course of energetic investigation it was found
that the new boiler is oversized and the control was not set
correctly.
After performing the hydraulic adjustment and setting of the
scheme was to start from a theoretical reduction of energy
consumption in the amount of 5 to 7%. Unfortunately, these
facts had not been set, so that once the system has been
verified in January. It was found that all the parameters have
been reset and the system is running inefficiently. Resulting
investigations have that have complained shortly after
implementation of the hydraulic balancing tenant that the
radiator is not really hot or is hot only in the upper third. The
janitor hard it cut down the flow temperature increases, so that
the plant ran again inefficient and destroyed to expected good
results by the hydraulic balancing. Here there is a clear instance
of maladministration in the wake of the Enlightenment of the
tenant and the janitor, it is common that after a hydraulic
balancing of the radiator no longer in the area is warm and and
can also decrease the temperature of the radiator. This problem
has been recorded and will be fixed in future by the
introduction of the caretaker is to be noted that tenants are
informed not only before the start of the action, but also after
completion with the Note for a hydraulic balancing.

2 INFORMATION MATERIAL FOR THE TENANTS TO
HANDLE WITH THE NEW VALVES

Considering the results of the improvements in the company are
divided into three areas in the future.
1. Review of the performance of the new plant by a suitably
qualified engineer
2. Briefing of the caretaker after the work
3. Information of the residents.
The staff is responsible for the exchange of the heaters were
instructed and agree future performance of the boiler with a
suitable engineer, so that the new facilities are not oversized.
As part of the decrease in the heating system there will be a
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We consider this method as part of the RCx processes and
implement these and the daily operations of our company.
Despite the small energy savings in the project are the results in
WP 5 for bauverein AG in relation to the tenant information of
importance. Ultimately, it is assumed that we would have saved
by targeted education and energy, and thus see here an
improvement in the flow that has already been implemented. It
also shows the importance of cooperation between housing
associations and tenants is. We were able to locate various
objects from our inventory and are also to perform here in the
summer months, a hydraulic balancing in the already built new
plants.
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ESM #6: MATHILDEN STR.
RECENTLY REFURBISHED BUILDINGS

I.

IDENTIFICATION OF THE ENERGY SAVING
MEASURE

WORK PACKAGE FOR THE
MEASURE

 RECENTLY REFURBISHED BUILDINGS

TYPE OF MEASURE

TOTAL RETROFITTING / GLOBAL REFURBISHMENT

NAME OF THE MEASURE

GLOBAL REFURBISHMENT

DESCRIPTION OF THE ENERGY
SAVING MEASURE

TECHNICAL
ASPECTS

IMPLEMENTATION OF THE
MEASURE

A global refurbishment in a 3/4 storey apartment building, which was
destroyed in World War II and rebuilt in the 50s with simple design. The
refurbishment includes :
−

New ventilation system with supply air through the window frame and
a central controlled system in the cellar.

−

Total renovation of the heating system. A modern central heating with
the so-called "Satellite Stations Homes" which function as water-based
heat exchange (a new heating system with a low temperature central
boiler and decentralized heat exchanger in the dwelling).

−

Facades provided with a thermal insulation with tinted windows.
Additionally the apartments in the house 36-38 have received one
south-facing balcony. Balconies in house 40 were repaired.

−

Insulation of the Basement ceiling and the roof. Besides the
replacement of the outer shell, also the fresh and waste pipes were
completely redone.

2008
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II.

IDENTIFICATION OF THE PILOT BUILDING

II.1. GENERAL OVERVIEW
NAME OF THE SOCIAL HOUSING ORGANIZATION

bauverein AG

COUNTRY

Germany

ADDRESS OF THE BUILDING

NUMBER

36-40

STREET

Mathildenstraße

CITY
(+CODE)

Darmstadt (64285)

CLIMATIC
ZONE

Cfb

INDIVIDUAL/COLLECTIVE



Collective

YEAR OF DELIVERY FOR THE BUILDING

1955

NUMBER OF STORIES

4-5

NUMBER OF DWELLINGS

19

NUMBER OF INHABITANTS

Around 40

ENERGY CARRIER FOR HEATING

Natural gas

II.2. BUILDING DESCRIPTION
TYPOLOGY

Low-rise apartment block

CONDITIONNED FLOOR AREA

1209,44

NUMBER AND SIZE OF
DWELLINGS
(BY SURFACE OR NUMBER OF
ROOMS)"

ROOMS

SURFACE

NUMBER

2

80

4

2

63

4

2

45

4

3

66

6

4

116

1

CONSTRUCTIVE TYPOLOGY

 Complete solid masonry

WALLS TYPOLOGY

INSULATION

 External thermal insulation

INSULATION
MATERIAL

 Composite heat insulation system

TIGHTNESS (CM)

Not provided
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U-VALUE

CEILLAR, BASEMENT

TYPE OF ROOF, TERRACES

TYPE OF WINDOWS

0,48 W/m2k

EXTERIOR TRIM

 Coatting

INSULATION

 Ceilar

INSULATION
MATERIAL

 Cellular plastics: EPS

TIGHTNESS (CM)

4

INSULATION

 Gable roof

INSULATION
MATERIAL



GLAZZING

 Double

FRAME

 PVC

Cellular plastics: EPS

II.3. PREVIOUS REFURBISHMENTS
YEAR OF
IMPLEMENTATION

TYPE OF REFURBISHMENT PART OF THE BUILDING
IMPACTED

REFURBISHMENT DESCRIPTION

2010

 Major refurbishment

New boiler

Boiler

II.4. BUILDING EQUIPMENT
II.5.1. Heating
ENERGY CARRIER

 Natural gas

DISTRIBUTION

 Collective

PRODUCTION

 Condensing boiler

EMISSION

 Radiators

MONITORING

 Thermostatic valves

HEATING EQUIPMENT #1: HEAT TRANSFER STATION
IDENTIFICATION

Viessmann vitodens 200

TYPE

 Modulating condensing boiler with pre air heating

START-UP DATE

2008

NUMBER

1

POWER (KW)

27-80 kw

II.5.2. Domestic Hot Water
ENERGY CARRIER

 Natural gas

DISTRIBUTION

 Individual
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REMARK CONCERNING
HYDRAULIC COUPLING

Individual boiler with buffer reservoir and speed-controlled circulation pump for heating circuit,
individual heat exchange stations per living quarter

HEATING EQUIPMENT #1: HEAT TRANSFER STATION
BRAND

Meibes

TYPE

 Individual water to water heat exchanger

START-UP DATE

April 2008

NUMBER

19

POWER (KW)

Max. O,34A

II.5.3. Ventilation
DISTRIBUTION

 Collective

TYPE

 Mechanically control ventilation

REMARK

Exhaust air system without wrg typ “aereco vmf/s 1400-ec-h” with different pressure regulation

VENTILATION EQUIPMENT #1:
BRAND, NAME

Aereco vmf/s 1400-ec-h

ENERGY

 Electricity

START-UP DATE

April 2008

NUMBER

1

POWER (KW)

0,6 a

II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM
YEAR
HEATING

in kWh

2007

2008

2009

2010

2011

361 836

57 292

94 974

126 048

74 139

2941

3219

3132

3625

2866

WATER
HEATING DEGREE
DAYS
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III. IDENTIFICATION OF THE OPTIMIZATION
SOLUTION FOR THE ORIGINAL ENERGY SAVING
MEASURE
III.1. GENERAL DESCRIPTION FOR THE OPTIMIZATION SOLUTION
II.5.2. Optimization selection #1
DESCRIPTION OF THE OPTIMIZATION PROPOSED
FOR IMPROVING THE EFFICIENCY OF THE EXISTING
ENERGY SAVING MEASURE
 TECHNICAL INTERVENTION
 MAINTENANCE REGULATION
ADAPT THE VENTILATION SYSTEM TO TENANTS’
BEHAVIOUR (SWITCH OFF IN SUMMER) AND REGULATE THE
HEATING SYSTEM’S CONTROL (SHUT DOWN AT NIGHT).
PURPOSE FOR IMPLEMENTING THE OPTIMIZATION
SOLUTION
The major modernisation measures are often used in the
occupied buildings. Therefore the requirements on the
design/work team are demanding. Except some technical
difficulties occurred during the implementation at the
construction site, another character which shall be considered is
all the involved factors have to meet the social demands for the
residents too. For this reason there is less time for an exhaustive
commissioning of the technical systems / equipment. That is
exactly where the Retro-Commissioning method steps in and
makes it possible to check the performance of system
components.
The social housing stock in Mathilden str.36-40 was chosen as a
pilot building for the optimization of ESM#2, because its
concept deals with a classic renovation which is very suitable for
optimizing the current situation of energy supply in this housing

stock. Besides with the central heating supply and decentralized
heat exchanger, controlled domestic ventilation was also
installed in this building. Furthermore, there were some other
improvements that were performed, such as the replacement of
windows and insulation of roof and façade as well basement
ceiling of this building. This renovation measure serves as a
standard for this type of buildings by bauverein AG in
Darmstadt.
Since the recent 7 years bauverein AG has modernized more
than 20 building stocks completely with this optimization
measure, thus a positive achievement stood out from the
already implemented measures can be converted also conveyed
for the future measures.
OBJECTIVE TARGETED
 Improve the energy performance
MEASURMENT FOR THE OBJECTIVE TARGETED
 Quantitative
 qualitative
TYPE OF MEASUREMENT
 Energy
 costs
 satisfaction rate
 thermal comfort

III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS
III.2.A. Optimization process #1
DESCRIPTION OF THE ACTION:

Implementation of the Analytical method “Heating ECG (DIN
15378)” works as the basis for the optimal operation of heating
systems.
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Different regulation procedures are operated on systems. For
the whole action required the following steps:

1. SPECIFIC CONTROL OF ALL THE ESM (GLOBAL
REFURBISHMENT) SUCH AS WINDOWS AND
VISUAL INTEGRITY OF THE COAT, CENTRAL
HEATING, VENTILATION SYSTEM AND WATER
SYSTEM.

Heat loss due to deficiencies in insulation (coat,
walls and windows);

−

Search for water infiltration, integrity of pipes
insulation;

−

Identification of moisture and damage in walls;

Deficiencies of the central boiler (bad regulation);

−

Deficiencies of pumps or valves (bad regulation of
frequency);

−

Deficiencies of the heat exchanger (bad
regulation);

−

Problems related to the chimney and fumes
control.

2. REGULATION OF VENTILATION SYSTEM:

This intervention gives the opportunity, therefore, to
evaluate certain aspects of considerable significance in the
context of building’s monitoring, in order to have some
actions about the optimization, such as:
−

−

−

The ventilation system has been installed and it
runs during the entire year. The running time of
the ventilation system can be adapted to the
user’s behavior, for example to temporarily be
switched off in summer.

−

The control of heating system and user behavior
are reviewed and adjusted.

The heating system can possibly shut down at night.

SYSTEM IMPACTED
HEATING SYSTEM

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

With the help of Heating ECG (DIN 15378) the basis for the optimal
operation of heating systems was created. By Heating ECG it can be
determined how efficiently a heating system is actually working. During
the 24h measurement all the relevant data and temperature of the
heating system can be recorded. From the recordings on the one hand
some errors in the system can be detected, on the other hand it can
also provide recommendations for this action which leads to an optimal
operation of the heating system.

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETER
MEASURED

PARAMETER

UNITY

Average ambient temperature in °C
measuring period:
Average
boiler:

flow

temperature

of °C

Average
boiler

return

temperature

of °C

Average temperature of reference °C
room - close (1.upper floor)
Average temperature of reference °C
room – far (attic floor)
Consumption in measuring period kWh
Effect of building storage mass

•
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Running duration of burner

h

Average burner power / running kW
duration
Necessary power for continuous kW
operation
Burner starts
Average burner running time

min

Average oxygen concentration

%

Loss of fuel value

%

Loss of flue gas

%

Loss of ventilation

%

Consumption of ventilation system kWh
Average
system:

power

of

Average pressure
ventilation system:

ventilation W

difference

of Pa

Average volume flow of ventilation m3/h
system
Average temperature of exhaust °C
gas
Heat discharged with the exhaust kWh
gas
Heat flow discharged with the kW
exhaust gas
TIME RANGE
BETWEEN
MEASUREMENTS

monthly

RESULTS DURING THE 24H-MEASURE CYCLE
Average ambient temperature in measuring period:
Average flow temperature of boiler:

1,5 °C
61 °C

Average return temperature of boiler:

60 °C

Average heating circuit flow temperature

69°C

Average heating return flow temperature

44 °C

Average temperature of buffer reservoir

63 °C

Average temperature of reference room
Consumption in measuring period

22,2 °C
509 kWh
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Running duration of burner
Average burner power / running duration:
Necessary power for continuous operation:

6,3 h
80 kW
21kW

Burner starts:

16 (ca. 0,7 / h)

Average burner running time
Average oxygen concentration:

24 min
4,7%

Loss of fuel value
Loss of exhaust gas
Loss of ventilation
Consumption of ventilation system:

8,4 %
2,3%
0,8 %
3,36 kWh

Average power of ventilation system:
Average pressure difference of ventilation system
Average volume flow of ventilation system
Average temperature of exhaust gas:
Heat discharged with the exhaust gas
Heat flow discharged with the exhaust gas:

141 W
311 Pa
770 m3/h
19,8°C
113 kWh
4,7 kW

NOCTURNAL TEMPERATURE REDUCTION

BURNER PERFORMANCE

In Diagram 1 shows the measurement results of the boiler. It is
clearly identified that the Night Shut-off is set between 24:00
and 4:00 a.m.

The CO values (indicated in Fig.2) are in the middle at 8 ppm
with a starting peak of about 100ppm. The combustion loss
related to caloric value (see Fig. 3) were continuously during the
measurement less than 3%. All of this points to a properly
adjusted and functioning burner.

Figure 1: Heating circuit spread, heating temperature and ambient temperature

IEE 10/344 - AFTER PROJECT / REPORT GERMANY

4
8

Figure 2: Flue gas temperature and CO-concentration

Figure 3: Loss of flue gas and caloric value in measuring period
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HYDRAULICS AND REGULATION
As shown in Fig.4 and 5, it is classified as positive that there are
only 16 burner starts in total by an average burner running time
of 24 minutes. The utilization ratio of caloric condensing value
was 24% in the measurement period. Because of the deficient
regulation technics the modulating capability of boiler would

not be used indeed, and the burner is always running at its
maximum power output of 80kW. An almost continuous running
of boiler with a lower exhaust gas temperature and a better
utilization of caloric condensing value and a higher efficiency
can be achieved by a modulating operation with the minimal
power of burner as well by a lower ambient temperature. This
can be ensured by adjusting the regulatio n

Figure 4: Flow and spread temperature of boiler and heating circuit

Figure 5: Flow and spread temperature of boiler and heating circuit (section)
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The heat supply was evaluated by measuring the heat flow and
return flow into / from radiator and the room temperature of a
hydraulically (seen Fig.6) remote room in the 3rd upper floor.
Here are shown the relative air moistness, the room
temperature and the average temperature difference between
radiator and room temperature, as well the heating rate. It can
be seen that a sufficient heat supply can be guaranteed even for
a relatively high room temperature. Fig.7 shows the flow

temperature of radiator and heating circuit. It is seen here that
most of the flow temperature, which was provided by heating
circuit, are hardly used. In combination with increased pump
power in the heating circuit which leads to a reduction of the
spreading (illustrated in Fig.5), a lowering of heating curve for
the heating circuit could be realized which in turn reduce the
caloric condensing value and exhaust gas losses

.

Figure 6: Moistness, Roomtemperature, middle radiator temperature difference to RT and the heating rate in near
room

Figure 7: cf. the flow temperature in heating circuit and the reference radiator

VENTILATION SYSTEM
The measured values of the pressure difference, the working
power and air temperature of the exhaust gas ventilator are
illustrated in Fig.8. The regulator maintains the pressure
difference of the exhaust gas ventilator at a constant level of
about 300 Pa, the working power is about 140W. The
characteristic diagram of the ventilator with the measured value
of volume flow is shown in Fig.9 about 770 m³/h. It is calculated

by the average volume flow and its temperature difference with
ambient air that the heat flux drawn off from the exhaust gas
system is 4,6kW during the measurement period (about 20% of
the heat supply through the boiler). If it is permitted by the
required air change rates and the room humidity level, a
substantial energy savings could be achieved by restricting the
pressure difference of ventilator (adjustable), especially at a low
temperature. Alternatively, it is conceivable that a heat recovery
is installed, in order to reduce the heat losses of the exhaust gas

.
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Figure 7: Temperature of exhaust gas, pressure difference and power of ventilation system

Figure 9: characteristic diagram of ventilation with the measured flow rate

EXTRAPOLATE RESULTS
Required boiler power

ca. 50
kW

Total loss:

9,7 %

Composed of:

loss of caloric
value:

5,1 %

Loss of flue gas

1,9 %

Loss in
allocators:

1,9 %

Loss in
ventilation:

0,8 %

A consumption decrease is calculated around 3% if the maximal temperature of heating circuit is reduced by 5°C.
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Figure 10: calculated and current loss which depends on temperature

SUMMARY & SUGGESTIONS
• The boiler is slightly oversized with a max. heat power of
80kW, the flue gas value shows a very good adjusted burner.
• The modulation capability of the burner is not completely
used.
• Approximately 20% of the boiler power output is wasted
through the exhaust gas during the measurement period.

• Repair of the windows in basement (reduction of the open
area to the extent of the required combustion air input).
• Lowering the heat characteristic
• Revision of the boiler control with the aim of a longer,
modulating burner-running time during the heating operation.
• If possible, restriction of the exhaust gas volume flow and
possibly using a heat pump to utilize the exhaust gas energy.

III.2.B. Optimization process #2
DESCRIPTION OF THE ACTION:
The optimization solution in the energy report have been tested
for feasibility .
The repair of the window is not a problem and was
implemented - to be noted is that the basement is outside the
heated envelope and thus the Repairer of the window is
energetically irrelevant.
Both the heating curve and the heating level were adjusted in
accordance with the specifications of the energy adviser to
ensure that the heating operation begins at a lower
temperature and the heater starts later. Similarly, the night
setback has been improved. With the setting of the heating
curve is specified how much the flow temperature must be
changed when the outside temperature changes. The inclination
depends on the thermal insulation of the house and the type of
heating surfaces. The level of the heating curve represents the
desired room temperature. For the basic setting of "0" a
desired room temperature of 20°C is assumed. If a higher
temperature is desired, the level must be increased accordingly.
When the night setback (reduced operation) the "normal"
heating curve is used, which is displaced from the scheme at
fixed times of the day to lower the target room temperatures. In
general, the room temperature can be lowered in residential 22-

06 clock .For the reduced operation is usually sufficient for a set
minimum room temperature of 3 ° C ( frost protection) . Due to
the time delay, decrease the room temperature with the after
lowering the supply temperature, the reduced operation can
commence depending on the storage mass of the building
about 30 to 120 minutes before the end of the heating and
should mornings start corresponding to about 30 to 120
minutes earlier again. This longer time intervals, for lighter types
rather short periods apply for massive building.
The change in the duration of the burner has not been possible
because the manufacturers here see an intervention in his
product and thus reject all claims. Consequently, this measure
can’t be carried out.
The installation of a heat pump to the exhaust duct does not
represent a measure in the process of retro-commissioning, as
the investment between 8.000, - € to 12.000, - € is.
Consequently, this is not to be regarded as a low -investment
measure.

The idea off the air conditioning in summer and switch to
window ventilation, thereby saving power is difficult to
implement because the tenant has a right to the permanent
function of the ventilation system and turning off it is against
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the applicable DIN contradicts norms. It could therefore be
changed to the ventilation system, no adjustment. In the course
of the action the system has been checked, it could be found no
errors.

The optimization solutions 1 and 2 were therefore implemented
in October 2013 and it is from this point of consumption
recorded monthly to check which energy savings are available.

SYSTEM IMPACTED
HEATING SYSTEM AND EQUIPMENT RO

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION



YES

DESCRIPTION

Inspection of the system after the results of the presenting heating
ECG

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETER
MEASURED

•

Measurement for whole facility.

•

The relevant data like heating energy consumption (kWh) and its
cost (€), heating degree days (°C), the temperature of incoming
and return water, as well the outside temperature (meteorological
station) are measured.

Measuring period: entire year 2013.
TIME RANGE
BETWEEN
MEASUREMENTS
METERING CHARACTERISTICS
& POINTS

monthly

Facility Check (CF. DESCRIPTION OF THE ACTION)

MARCH
. 14

DEC.
14

SEPT.
14

JUNE.
13

OCT.
13

OCT.
13

MAY.
13

2.5. 13

5.2.13

2008

IV. PLANNING

Global refurbishment of the building
Analytical method “Heating ECG (DIN 15378)
implemented on Pilot Site
Report from the Retro Commissioning officer
On-site review of the results from the heating
ECG recording of other problems in the
system the following problems were detected
Window replacement in the basement
New adjustment of the heating curve and
heating level in order to reach the expected
energy performance in the building
Monitoring period
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V.

BUDGET

INITIAL INVESTMENT
COSTS FOR THE ENERGY
SAVING MEASURE

110 371 EUR

INITIAL INVESTMENT
COSTS FOR THE
OPTIMIZATION ESM

IMPLEMENTATION
OF THE HEATING
ECG METHOD

TECHNICAL 2500
ASPECTS
STAFF COSTS 3000

REDUCTION OF
THE HEATING
CURVE

STAFF COSTS 500
FOR ENGINEER

VI. REPORTING OF THE COLLECTED RESULTS

VI.1. Baseline period identification
IDENTIFICATION OF THE BASELINE PERIOD

START

END

ALL BASELINE ENERGY DATA

MONTH

December

YEAR

2011

MONTH

May

YEAR

2013

TYPE OF ENERGY Natural gas
TIME RANGE

Monthly

UNITY

Mwh

LEGAL
20°c
TEMPERATURE
IN THE BUILDING
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VI.2. Monitoring period identification
IDENTIFICATION OF THE MONITORING PERIOD

START

END

ALL BASELINE ENERGY DATA

Day

1

Month

October

Year

2013

Day

1

Month

February

Year

2014

TYPE OF ENERGY Natural gas
TIME RANGE

Monthly

UNITY

Mwh

LEGAL
20°c
TEMPERATURE
IN THE BUILDING

VI.1. Synthesis of the results
Normalized energy consumption analysis
Reporting period starts in September 2013
Comment on consumption in July / August 2013:
In July and August 2013, the consumption levels have been very
high, one reason for this could be plant maintenance or a defect
of the external sensor. During maintenance, all heat exchangers
shall be maintained in the apartments, this process takes some
time and leads to an energy consumption that is irrelevant but
in the overall context.
The figure above represents percentage of reduction of heating
consumption comparing years before/after of the
implementation solution of ESM. Please note that energy
consumption calculated is referred only to the five months
monitored.
Normalization bar shows after optimization of ESM, heating
consumption increased around 21 percent respect to year
before. This result could find explication in several ways. For
example if tenants adopted wrong energy behaviour such as by
setting too high indoor temperature in their apartments.
Another source could be find on heating curve just adjusted as
optimization solution. Perhaps, could be useful a control on the
heating system in order to assess if it works in the best way?
Despite of the increase of consumption above described, is
important to highlight that normalized energy consumption
calculated after the global refurbishment and after the
implementation of the optimization solution are attested to very
low values, both are under 60 kWh/sm/yearly. Moreover short
period monitored, five months, could be not totally
representative of the effectiveness of the optimization solution
carried out by the SHO.
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Figure 11: Yearly data: energy consumption and normalised energy consumption

The above bar chart represents the yearly energy consumption
and normalized energy consumption (kWh/sm/year) of the last
five years compared to the energy consumption before the
global refurbishment of the building.
All the data reported have been taken from the M&V plan and
from the data collection file.
The Energy Certificate attests the energy consumption before
the implementation of the ESM at 361.836 kWh which is
approximately worth 299 kWh/sm/year.
After the implementation of the ESM the Energy Consumptions
dropped considerably by 69 to 80 percent.

This sharp decrease is due to the global refurbishment because
it involved the external shell, the windows, the renovation of the
heating system and the new ventilation system.
The optimisation of the ESM was done in October 2013; the
monitoring period started right after the optimisation and took
5 months, until February 2014.
The percentage of reduction of the energy consumption after
the optimisation of the ESM (2013/14) is higher than the other
years because it has been calculated with a less number of
months.

Figure 12: Monthly data: actual heating energy consumption
The energy consumption data after the optimisation of the ESM
(October 2013) show a slight reduction of the heating
consumption in October, January and February.
It is not possible to compare the trend of the energy
consumption with the baseline months because of the short
duration of the monitoring period.

It is important to underline that the optimisation of the ESM
consisted in an adjustment of the heating system. This kind of
optimisation doesn’t normally allow large reductions of energy
consumption, so it is not expected to reach a significant energy
saving even in the next heating seasons.
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Figure 13: Monthly data: actual energy consumption

This bar chart is a focus on the months monitored after the
optimisation of the ESM compared with the same months one
year before.
The lines represent the corresponding HDD for each year and
the average HDD (from 2005 to 2013).
The outside climatic conditions affect the energy consumption
of the building. Only in January 2014 the energy consumption

had a significant increase in spite of corresponding HDD were
lower than the year before.
The winter season 2013-14 was warmer than the winter season
2012-13, also the average HDD confirms that 2013-2014 was
warmer than the 8 winter seasons before (2005-13).

Figure 14: Monthly data: normalized energy consumption

With the HDD normalization the energy consumption is
adjusted corresponding to the average of the climate conditions
of the past 8 winter seasons.
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Normalized energy costs analysis

Figure 13: Monthly data: actual heating energy costs analysis

As for energy consumption, also the energy costs have
decreased only in few months. The cost trend follows the
energy consumption trend
ESTIMATION OF COST OF INVESTMENT
BAUVEREIN spent 110.371,00 € for the implementation of the
ESM. The additional initial costs were 16.556,00 €.
The technical costs for the optimisation of the ESM were
2.500,00 €.
The staff costs for the optimisation of the ESM were 3.000,00 €.
At the moment, due to the shortness of the monitoring period,
it is not possible to assess the investment made by the SHO
because there are no energy consumption data enough. A
further monitoring period in the heating season is necessary in
order to perform an even simplified cost/benefits analysis,
which is the most suitable procedure to see whether the
benefits outweigh the costs and by how much.
The new regulation of heating system has been chosen in order
to set the suitable indoor temperature accordingly with the

outdoor climate condition. When the indoor temperature is too
high or too low, probably the heating curve should be adapted.
In this way it is possible to reduce the energy consumption from
4 up to 7%.
This kind of adjustment of the heating system is a low cost
optimisation, and it doesn’t require specific interventions to be
done into the engine. On the contrary, it consists in a regulation
of the flow temperature according to the specific diagnosis
made by an expert.
This optimisation solution should improve the indoor comfort
levels and the energy efficiency of the building.
All these benefits together contribute to help the building
sustainability by allowing to burn less fossil fuel.
In case of global refurbishment, providing that the heating
system is replaced, this optimisation could be recommended to
verify if the heating curve works at his best.
For all the above reasons, we assess that this low cost
optimisation solution should be highly replicable for similar
cases in all of Europe.

VII. TENANTS COMFORT AND SATISFACTION
There are 19 households in the MathildenStraße. However only 5
housholds participated in answering the telephone questions. All
others were either not available, were not able to speak German
or did not want to participate. Like the inhabitants of Heinheimer
Strasse and WohnArt 3 a very high overall satisfaction with the
housing situation and the current heat supply was visible.
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This is the same setting as seen in Heinheimer Strasse.
All tenants have a strong interest in their individual
energy consumption and energy saving for financial and
environment protection reasons. Most of them check the
heat cost bill. They also would accept comfort reduction in order
to save money.

The interest in cost saving finds a reflection in an expectation of
cost reduction after the optimisation.
The MathildenStrasse tenants (and the WohnArt 3 tenants) do
have the expectation of lower heating costs.

Looking at the setting of the thermostatic valves in the living
room the setting is mainly III

The tenants have been asked whether the realized changes
after the optimisation in November 2013. Nobody
reported any change and nobody had complaints in respect to
the room temperature.
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VIII. LESSONS LEARNT
A global refurbishment was carried out in pilot building
Mathildenstraße 36-40 in Darmstadt. Through the whole process
of implementation it was examined and stated by housing
company that:
•

Reduction of open areas like repairing the windows
has been done which aims to reduce the unnecessary
heat energy loss in tenants’ apartments, however, it
shall be noted that the basement is outside of the
heated envelope, for this reason the reparation of its
windows is actually energetically irrelevant.

•

The ventilation system could be changed instead of
adjusted because the tenants have the right to keep
the permanent function of the ventilation system.
Turn off the ventilation system is against the
applicable DIN norms.

•

Through the adjustment if heating curve and heating
level according to the specifications of the energy
adviser the heating operation is ensured to begin at a
lower temperature, the heater start later, and the
night setback has also been improved which can be
lowered in residential 22-06 clock in general.

•

During adjustment of heating curve it is proved that
the flow temperature muss be changed if there is any
change in outside temperature and the variation
tendency depends on the thermal insulation of the
house and the type of heating surfaces.

•

After the optimization of ESM #2 it is suggested to
restrict the exhaust gas volume flow and utilize the
exhaust gas energy with a heat pump, if possible, in
order to improve the heat energy efficiency.

The action is to our knowledge a classic effect from the RCx
process. Through a small interventions without additional cost
energy can be saved here and the system run more efficiently. A
small contribution to CO2 reduction, however, the total stock of
20,000 homes a considerable value.
Optimization protocol as part of the maintenance

RESULTS
Bauverein AG performs since 2003 energy wholesale
modernization measures. The goal is to always be slightly better
than the new modernized so that the object is forward-looking.
The modernization of Mathildenstraße 36-40 was a very
challenging project , since here the energetic new levels should
be maintained despite a very tight budget.
As a measure to improve here the regulation of the entire system
was readjusted so that the temperatures for hot water and
heating for the pre-run lower and therefore energy is saved . The
cost for this was small and can be carried in the future as part of
the maintenance of our central systems.
In the future it will be documented for maintenance of the
facilities which heating curve is set. What heating level, the
system moves and we are the inlet temperatures . In addition,
the nocturnal change to be detected and adjusted.
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ESM #3: WOHNART 3
RECENT LOW ENERGY BUILDINGS

I.

IDENTIFICATION OF THE ENERGY SAVING MEASURE

WORK PACKAGE FOR THE
MEASURE

 RECENT LOW ENERGY BUILDINGS

TYPE OF MEASURE

LOW ENERGY BUILDING/2010

NAME OF THE MEASURE

PASSIVHAUS-CERTIFIED BUILDING

DESCRIPTION OF THE ENERGY
SAVING MEASURE

TECHNICAL
ASPECTS

New construction of a multi-family building with 44 residential units
spread over two buildings in passive house standard.
A double flow ventilation system, triple heat protection glass and an
insulation of the facade with 30 cm EPS.
District heating system.
The hot water will take place over a hot water tank. The provision of hot
water via a circulation pump that allows both day and night time hot
water to be available in the apartments. That means on the other hand
we have a lot energy losses during the period in which there is no need of
hot water by tenants.

IMPLEMENTATION OF THE
MEASURE

2010
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II.

IDENTIFICATION OF THE PILOT BUILDING

II.1. GENERAL OVERVIEW
NAME OF THE SOCIAL HOUSING ORGANIZATION
/ OWNER OF THE BUILDING

bauverein AG

COUNTRY

Germany

ADDRESS OF THE BUILDING

NUMBER

6-8

STREET

Elisabeth-selbert straße

CITY
(+CODE)

Darmstadt (64289)

CLIMATIC
ZONE

Cfb

INDIVIDUAL/COLLECTIVE

 Collective

YEAR OF DELIVERY FOR THE BUILDING

2010

NUMBER OF STORIES

4

NUMBER OF DWELLINGS

44

NUMBER OF INHABITANTS

Around 70

ENERGY CARRIER FOR HEATING

Cf. Building equipment description

II.2. BUILDING DESCRIPTION
TYPOLOGY

Low-rise apartment block

CONDITIONNED FLOOR AREA

3457,10

NUMBER AND SIZE OF
DWELLINGS
(BY SURFACE OR NUMBER OF
ROOMS)"

ROOMS

SURFACE

NUMBER

1

49

5

2

64

20

3

73

6

4

100

9

5

110

4

CONSTRUCTIVE TYPOLOGY

 Complete solid masonry: masonry with solid ceiling, concretewall natural stone masonry walling
(175mm)

WALLS TYPOLOGY

INSULATION

 External thermal insulation

INSULATION
MATERIAL

 Cellular plastics: eps
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TIGHTNESS
(CM)

30

EXTERIOR TRIM  Coatting
U-VALUE

0,11 W/m2k

INSULATION

Screed 50 mm –
Sound insulation 30 mm
Insulation 220 mm –
Concrete 300 mm –
foam glass gravel 150 mm

U-VALUE

0,12 W/m2k

INSULATION

 Cellar

INSULATION
MATERIAL

Screed 50 mm –
Sound insulation 30 mm
Insulation eps 220 mm –
Concrete 220 mm

TIGHTNESS
(CM)

22

U-VALUE

0,13 W/m2k

INSULATION

 Flat roof + steep roof

INSULATION
MATERIAL

Plasterboard 12 mm –
insulation / lath (10 %) 140 mm –
Damp-proof membrane
Insulation / rafter (10 %) 280 mm –
Oriented strand boards 16 mm

TIGHTNESS
(CM)

44

U-VALUE

0,10 W/m2k

BLOWER DOOR TEST

VALUE

N50=0,60h-1

TYPE OF WINDOWS

GLAZZING

 TRIPLE ARGON SZR 16mm

FRAME

 Aluminium

U-VALUE

U-value frame uf:
0.74 w/m2k

BASE SLAB TYPOLOGY

CEILLAR, BASEMENT

TYPE OF ROOF, TERRACES

U-value glazing ug:
0.60 w/m2k
G-value:
0.47 (average value)

II.3. PREVIOUS REFURBISHMENTS
YEAR OF
IMPLEMENTATION

TYPE OF REFURBISHMENT PART OF THE BUILDING
IMPACTED

REFURBISHMENT DESCRIPTION

2012

 Minor maintenance

Changing of the fans in 2 decentral
ventilation systems (Guarantee)

Ventilation
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II.4. BUILDING EQUIPMENT
II.4.1. Heating
ENERGY CARRIER

 Gas

DISTRIBUTION

 District heating

PRODUCTION

 Heat exchanger

EMISSION

 Radiators

MONITORING

 Thermostatic valves

HEATING EQUIPMENT #1: HEAT EXCHANGER
IDENTIFICATION

Meibes, l-16-1 hkw

TYPE

 Heat exchanger

START-UP DATE

6.10.2009

NUMBER

1

POWER (KW)

60 kw

II.4.2. Domestic Hot Water
ENERGY CARRIER

 Electricity

DISTRIBUTION

 Collective

HEATING EQUIPMENT #1: WARM WATER TANK
IDENTIFICATION

Viessmann vitocell 100 v

TYPE

Warm water tank

START-UP DATE

2010

NUMBER

1

POWER (KW)

136 kw

TANK VOLUME (IN LITER)

750/1000

TANK OPERATING
TEMPERATURE (IN °C)

50°c-90°c

II.4.3. Ventilation
DISTRIBUTION

 Local, decentral system, one ventilation system per dwelling.

TYPE

 Mechanically controlled: double-flux with heat recovery
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VENTILATION EQUIPMENT #1:
IDENTIFICATION
VENTILATION UNIT

Vallox 90 SE

IDENTIFICATION CONTROL
UNIT FOR AIR HANDLING
UNITS

LUFTÄ LSG-16B

START-UP DATE

2010

MVHR HEAT RECOVERY
EFFICIENCY

80%

MVHR ELECTRICAL
EFFICIENCY

0,44 Wh/m3

MAXIMUM SOUND FROM
MVHR UNIT

35dB

II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM
YEAR
HEATING

2007
in kWh

2008

2009

2010

2011
155 565

WATER
HEATING DEGREE
DAYS

2866

III. IDENTIFICATION OF THE OPTIMIZATION SOLUTION
FOR THE ORIGINAL ENERGY SAVING MEASURE
III.1. GENERAL DESCRIPTION FOR THE OPTIMIZATION SOLUTION
III.1.A. Optimization selection #1
DESCRIPTION OF THE OPTIMIZATION PROPOSED FOR
IMPROVING THE EFFICIENCY OF THE EXISTING
ENERGY SAVING MEASURE

REDUCTION OF WORKING HOURS OF CIRCULATION PUMP
FOR DHW
Optimize the hot water and the running time of the circulation
pumps.

 TECHNICAL INTERVENTION
 MAINTENANCE REGULATION
 TENANTS AWARENESS AND EMPOWERMENT

Reduce the unnecessary heat energy loss, for example the pump
can be switched off during some of day/night time when hot
water is not required
PURPOSE FOR IMPLEMENTING THE OPTIMIZATION
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SOLUTION

On the basis of the factually recorded consumption values in last
year, it can be sure that there is no obvious deviation compared
with the calculated demand values. Consequently, it must be
concluded that the approaches for calculation were further
realistic and practical, as well as the technical systems/equipment
are adjusted and it gives no sign of essential constructional
defects in the sense of construction for passive house

Primary energy parameter kWh/(m2a)

In 2010 bauverein AG built its first certified passive house
containing total 44 dwellings. This passive house is the most
energy-efficient building of the existing buildings constructed by
bauverein AG for now. In due consideration of an average
expense of approx. 20, - € per month for the heating fee by each
renter, so to what extend the ESM #3 can be optimized is still an
open question.

Household electricity
Ventilation electricity
Hot water
Heating

Figure 1 – Primary energy parameter

It was inspected that the heating energy consumption is very low,
in a sense it means that the energy consumption for domestic hot
water and energy loss rise too strongly. A share of 50% energy
demand for hot water generation and provision out of overall
energy requirements is not unusual in a passive house. So it is
supposed to find an approach for energy saving for this situation,
if at all.
Therefore, it meant a great deal to bauverein AG to leverage
further potential for energy saving, even if the current energy
saving measures are proved being very high efficient.
It is obviously that the residents’ behaviour is one of most
important factors for the energy consumption in passive house
buildings and also makes a prior impact than it on other standard
housing buildings. With a considerably higher technical allocation
passive house is to be classified as a standard construction,
therefore, the misbehaviour of users will also lead to a seriously
calculated energy demand.
In WOhnart3, a hot water tank supplies the hot water. The
provision of hot water via a circulation pump that allows day and
night time hot water is available in the apartments that means it
must be a lot energy loss during the period when there is no need
of hot water by tenants.
In a passive house, the domestic hot water consumption in
relation to total heating consumption is around 50%. Therefore it

is very important to check and optimize the hot water
preparation, the distribution and the running times of the
circulation pumps. During the day we have some hours in which
we don’t need much domestic hot water but we still have the
same heat losses in the distribution pipes. So if we don’t need hot
water during the day, we can switch off the pump and the losses
will be going down.

The distribution losses of the hot water supply to be around 21%
during the measurement period. Converted to a power loss of 1.8
kW corresponding to this an expected value. The temporal
distribution of the hot water extraction shows on weekdays
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pronounced peaks in the morning and evening hours. At the
weekend, the consumption is more evenly distributed and shifted
to later times of the day.

A reduction of the average hot water temperature would
generate a reduction of distribution losses of approximately 0.5%.
However, the losses in the heating season also contribute to meet
the heating requirements of the building and are thus at least in
the heating season can’t be fully regarded as actual losses.

OBJECTIVE TARGETED
 Improve the energy performance
 guaranteing the tenants comfort and eco-empowerment

Due to the current terms of the circulation and the temperatures
measured a gross savings of 5 to a maximum of 10%, it can be
accepted by a reduction in the circulation times to the legal
minimum. The corresponding loss of comfort and increased
consumption of water must be included in a decision with this
course.

MEASUREMENT FOR THE OBJECTIVE TARGETED
 Quantitative
 qualitative
TYPE OF MEASUREMENT
 Energy
 costs
 satisfaction rate

III.1.A. Optimization selection #2
DESCRIPTION OF THE OPTIMIZATION PROPOSED FOR
IMPROVING THE EFFICIENCY OF THE EXISTING
ENERGY SAVING MEASURE

Tenants’ awareness to be raised 10% saving potentials, if the
instruction can be followed.

 TECHNICAL INTERVENTION
 MAINTENANCE REGULATION
 TENANTS AWARENESS AND EMPOWERMENT
TENANTS’
INFORMATION
INTERVENTION;

ABOUT

THE

PURPOSE FOR IMPLEMENTING THE OPTIMIZATION
SOLUTION

FORESEEN

TENANTS’ OPINION ON THE INTERVENTION;
CHANGE IN TENANTS’ LIVING COMFORT;
COMMUNICATION AND EXCHANGE BETWEEN HOUSING
PROVIDER AND TENANTS VIA MEETINGS, QUESTIONNAIRES
ETC

OBJECTIVE TARGETED
 Improve the energy performance
 guaranteing the tenants comfort and eco-empowerment
MEASURMENT FOR THE OBJECTIVE TARGETED
 Qualitative
TYPE OF MEASUREMENT
 Behaviours
 satisfaction rate
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III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS
III.2.A. Optimization process #1
DESCRIPTION OF THE ACTION:
In a passive house, the hot water demand in relation to total
heating demand is very high (50%), therefore it is very important
to check and optimize the hot water preparation, distribution and
the running times of the circulation pumps. For this reason
optimization solution should be checked to what extent if the
circulation pump can be turned off, for example in the night time.
By this optimization solution, the heat losses are reduced
significantly in the hot water pipes, and it can lead to energy
savings up to 7%. Of course, here the habits of tenants in the
foreground must be considered. The electricity consumption and
the costs for the circulation pump could be reduced by 25%.
Another advantage is that the pumps are protected and thus have
a longer life, will fall an additional maintenance costs - however
marginally.
The subcontractor was assigned to measure the hourly
consumption during 24 hours and for hot water consumption

during a whole week. The following consumption charts
distinguish between the consumption:
1.
2.
3.

during the week ”Weekdays” and
during the weekend ”Weekend”
And the comparison between the two timespans in
order to identify during what time of the day/night hot
water is needed and where a slowdown is acceptable.

−

Estimate and determine to what extent the circulation pump
can be turned off, in order to avoid or reduce the heat loss;

−

The round-the-clock also days of the week (from Monday to
Sunday) measurement of hot water consumption aims to
determine the outcome in which hours hot water is needed or
not needed;

CONSUMPTION OF DOMESTIC HOT WATER USED DURING THE WEEK SHOWN PER 24 HOURS:
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CONSUMPTION OF DOMESTIC HOT WATER USED DURING THE WEEKEND SHOWN PER 24 HOURS:

COMPARISON OF DOMESTIC HOT WATER CONSUMPTION PEAKS DURING WEEKDAYS (BLUE) AND WEEKEND (RED):
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Whole hot water consumption: 22,2 m³
• Total consumption of district heating: 1543 kWh
• For the ongoing heating: about 10%
• for small hot water circulation: about 20%

On the recommendation of the energy consultant, the circulation
pump was turned off at night for 8 hours from 22:00 to 6:00 clock.
In this context, it was found that the temperature dropped due to
the large pipeline network of the water heater in the morning
start-up and the return of the cold water into the boiler below 55
° C - which is not allowed according to the guidelines of the
German Drinking Water Ordinance (TrinkwV). Consequently, the
turn-off had to be shortened by 2 hours, so that from the 23:00 to
5:00 clock the circulation pump is switched off.

Optimize the running time of the circulation pumps;
−

−

Other advantages are a decrease of auxiliary electricity
and that the pumps are protected and thus have a
longer life, thereby, it will fall an additional maintenance
costs - however marginally.

For an entire week a measurement system has been mounted to
measure and document the flows of hot water in the circulation
line, allowing conclusions on the DHW consumption. As a result,
for every time of day it is determined how much hot water is
needed.

An additional maintenance costs will fall, because the
pumps are prepared and thus have a longer life.

SYSTEM IMPACTED:
CIRCULATION PUMP FOR DHW
PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

þ YES

DESCRIPTION

Adjustment of the circulation pump DHW:
the volume flows of hot water circulation are measured on the central
DHW to determine how much hot water is needed at which time of
day.

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETERS
MEASUREMENT

On the central DHW station we measure the volume flows of
domestic hot water circulation to determine what time of day
how much hot water is needed; measurement period is an
entire week from Monday to Sunday. Ultrasound of the
volume flow of the fresh water inflow was determined to hot
water tank, and the average temperatures in the inlet of the
hot water line, in the middle part and end of the circulation
line. In addition, the counter differences of the primary
consumption of district heating, the heating and hot water
energy consumption of total consumption were recorded.
•

Measurement period is through an entire week from Monday
to Sunday

•

DHW consumption (kWh) and its cost (€)

June 2013 – Aug.
TIME RANGE

weekly

III.2.B. Optimization process #2
DESCRIPTION OF THE ACTION:
Tenants shall become aware of the relation between the running
of the circulation pump, the thereby induced energy consumption
and their individual water consumption by means of
•

the information on the operation/optimisation of the
circulation pump (information material to be delivered in
form of written/digital information);

•

orally as instruction during information meetings – it
should be a sequence of information material/ meetings
as tenants tend to forget some important tips or
information received before;

Info-material deals with all components of LEB not only
water saving but also all the other relevant factors like
room temperature without south-side windows etc.,
however, water saving is the occasion of the instruction;
The existing handbook is used and checked in respect to hot
water and heating and revised if needed.
•

Tenants might adjust to the new (reduced) working hours of the
hot water pump and adapt their hot water consumption to the
new offer. Of course, here are the habits of the tenants in the
focus and must be considered.

`
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MEETING #1
20/06/2013
Common room of WohnArt3, Erika-Köth-Weg 1, Darmstadt
13 Tenants (12 were present at the meeting, 1 didn't attend the
meeting but accepted the questionnaire) and 3 event organizers
(Arne Schreier, Iris Behr, Jie Zheng)

pump and the losses will be going down. So we can switch off the
pump between 11:00 pm and 4 am, that means that the water in
the circulation pipe is not really hot, so if a tenant needs hot
water, he must wait a little bit. I think the circulation pump has a
regulation on which we can regulate the running time.
Based on these findings the tenants had been convoke convoked
to an information meeting 20.06.2013. The agenda and results of
the meeting can be summarized as follows: AFTER Project

The WP7 ESM for WohnArt3 foresees the change and reduction
of the heat delivery for hot water. The principle mechanisms had
been explained and the control metering had been executed
before the meeting. Tenants were invited to this survey to throw
out their existing problems about the heat delivery for hot water
and aim to receive suggestion or find a solution from social
housing provider (bauverein AG) and scientific partner (IWU).
The district heating terms were discussed in this tenants survey.
On the occation of the WP/ESM (change of hot water delivery)
other problems related to the Low Energy Buildings were
mentioned. Tenants are asking for more and continuous
information and are prepared to cooperate in respect to better
application of the Low Energy Building - Technologies.
The confronted problems were touched in the following three
aspects: 1. heating and ventilation; 2. Dry air; 3. Information
material.
Basis for the considerations are the tenants survey methodology,
the methodological note evaluation of the tenants’ behavior in
attitudes and satisfaction, AFTER – tenants survey – satisfaction,
usability an behavior (draft 01.08. 2012).
The draft tenant’s survey has been adapted to the needs of WP 7
bauverein AG WohnArt 3 as described in the measurement in
verification plan: The optimization measure is the adjustment of
the circulation pump for domestic hot water (DHW) and the
tenants’ awareness and behavior related activities.
The pilot site WohnArt 3 is a low energy building constructed in
2010 with 44 dwellings, and around 90 tenants. For further details
see the description in the M + V-Plan.
As the envisaged energy saving measure, i. e. the restriction of
hot water delivery instead of 24 hours per day to restricted given
intervals (for instance between 5 and 10 in the morning and 17 to
24 h in the night) tenants might understand this as a reduction of
comfort. Therefore the intervention should be explained to the
tenants and discussed with the tenants and decided together with
the tenants. The SHO bauverein AG does not want to impose the
ESM on the tenants but wants to cooperate with the tenants. This
is particular necessary as a continuous 24 hour hot water delivery
is a requirement demanded court decisions. Some references to
decisions are mentioned at the end of the report. Thus tenants
must agree upon the restriction of hot water delivery.
In preparing the tenants’ information and campaign for
acceptance an energy consultant Energie & Haus has been
commissioned for the assessment, preparation and optimization
of the ESM. The measurements carried out are described in the
report on the dissemination event.
The consequences and suggestions of these technical findings are
to switch off the circulation pump during certain hours :. During
the day we have some hours in which we don’t need hot water
but in this time in the pipes is hot water and that means we have
some losses, although we don’t need hot water. So if we don’t
need during the day hot water, we can switch off the circulation

1. The whole AFTER project had been presented. In the context
of the AFTER project the intention of the optimization ESM and
its planned execution was set out. There was an overall positive
opinion on the hot water saving intervention. There was a broad
consensus, that there is no need for hot water running for 24
hours. However some existing shortcomings of the hot water
delivery were reported. Tenants reported that already for the
time being no hot water is available during 0 – 5 h. It could not be
figured out clearly whether this is the case for all flats or only for
those flats that are rather far away from the heat pump. It needs
to be clarified whether the lack of hot water is related to a
technical deficit or whether the heat provider does not deliver hot
water during 0 – 5 h in the night.
There is need to investigate into these problems
The reporting of the unplanned and unknown shortcoming of the
hot water delivery to the SHO should be considered in the
context of the retro commissioning document: The LEB WohnArt
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3 has been inhabited since 2010. Since that date no tenant’s
information had taken place. The lack of hot water delivery has
not been reported to the SHO until now (it should be checked
whether there had been complaints before on hot water delivery).
It also should be checked what the retro document contains in this
context. It could be a technical problem or it also could be a
contractual agreement.
2. Tenants’ acceptance in respect to the adjustment of the
circulation pump for DHW meant as the optimization ESM
In order to find out what the opinion on hot water delivery and
the acceptance of reduction of the hot water delivery is about the
tenants survey had been adapted to these particular needs. The
tenant’s survey is attached to the M + V plan and as well to the
reporting document.
A first step was the presentation and discussion of the draft
questionnaire with all the tenants attending the meeting. While
going through the questions a discussion on the issues of the
questions took place. The discussion’s results were: Water
consumption – both hot and cold water – is an issue for the
tenants. Some of them rely on water saving appliances; mainly the
saving potentials are gained via a conscious use of water. The
proposal of reducing the hot water delivery during the night was
accepted. The tenants also discussed preferred room
temperatures and related heating and ventilation behaviour.
Some tenants complained about too low room temperatures and
too dry indoor air. The feeling of comfort on room temperatures
differs.
The tenants are all interested in additional information on water
saving. The existing handbook is a good basis however very
detailed. On top of the detailed handbook short and easy

accessible information is of interest.
3. Together with 12 families the questionnaire was discussed and
slightly amended. From now on the new version will be used.
Three hard copies of the questionnaire were handed to a tenant
who wanted to pass on the hard copies to those tenants without
internet access. It was agreed upon that via the board all other
tenants should be addressed via internet and asked for
participating into the tenant’s survey. An additional explanatory
letter to the tenants will be drafted and sent together with the
adapted questionnaire.

MEETING #2
26/02/2014
Common room of WohnArt3, Erika-Köth-Weg 1, Darmstadt
18 Tenants, one technical enginieer for heating and cooling
systems (Mr.Geist) and 4 event organizers (Arne Schreier, Iris
Behr, Frithjof Clauss, Jie Zheng)
The WP7 ESM for WohnArt3 foresees the change and reduction
of the heat delivery for hot water. The principle mechanisms had
been explained and the control metering had been executed
before the meeting. The following issues were identified and
discussed:
- heating and ventilation - relation between controlled heat
recovery and heating;
shading in winter and summer;
- dry air in the rooms - relation to heating;
- air tightness of windows and doors.

Efficiency of meetings and information will be “measured” and
mirrored through hot water /energy consumption- if there will be
reductions after the intervention.
The timing of data updates is “every 4 weeks” (from the 1st July
2013).
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SYSTEM IMPACTED
Intervention addresses “social performance” but not any technical system
PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

There was an initial information meeting before the optimization and
two meetings for change of behavior assessment and motivation
executed by bauverein AG staff together with the scientific partner.

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETERS
MEASUREMENT

TIME RANGE

•

Measurement for the whole facility

•

DHW consumption (kWh) and its cost (€)

•

Measurement Periode: June 2013 – Aug 2014

Weekly

`

FEB. 14

FEB. 43

JUNE.
13
JULY.
13
SEPT
13

JAN. 13

2010

IV. PLANNING

New low energy building WOHNART3
Analysis of the Domestic Hot Water
Consumptions in the building
Tenants meeting #1
Adjustment of the circulation pump
Tenants meeting #2
Measurement and monitoring of the results
following the evolution of the water
consumptions

V.

BUDGET

INITIAL INVESTMENT
COSTS FOR THE ENERGY
SAVING MEASURE

5 896 000

INITIAL INVESTMENT
COSTS FOR THE
OPTIMIZATION ESM

CHANGE OF
REGULATION FOR
THE CIRCULATION
PUMP
TENANTS
MEETINGS
ORGANIZATION

Technical costs 200
for intervention
Costs for 1000
subcontractor
Technical 600
aspects
Staff costs

MONITORING OF
THE WATER
CONSUMPTIONS

Staff costs for 300
engineer
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VI. REPORTING OF THE COLLECTED RESULTS
VI.1. Baseline period identification
IDENTIFICATION OF THE BASELINE PERIOD

START

END

ALL BASELINE ENERGY DATA

MONTH

January

YEAR

2011

MONTH

September

YEAR

2013

TYPE OF ENERGY Domestic hot water
TIME RANGE
BETWEEN THE
MEASUREMENT

Monthly

UNITY

M3

LEGAL
20-22°c
TEMPERATURE
IN THE BUILDING

VI.2. Monitoring period identification
IDENTIFICATION OF THE MONITORING PERIOD

START

END

ALL BASELINE ENERGY DATA

Day

2

Month

September

Year

2013

Day

1

Month

April

Year

2014

TYPE OF ENERGY Domestic hot water
TIME RANGE
BETWEEN THE
MEASUREMENT

Monthly

UNITY

M3

LEGAL
20-22°c
TEMPERATURE
IN THE BUILDING
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VI.3. Synthesis of the results
Normalized energy consumptions for
domestic hot water

With regards to the optimisation measure, which focused on the
distribution of domestic hot water (DHW), the data analysis
concentrates on consumption data for DHW. Therefore, no
weather normalisation was applied.

The actual consumption for heating and domestic hot water in
Wohnart3 in 2011 accounted for 41.4 kWh/(m²a). This value is
about 69 % lower than the German actual average of
133.0 kWh/(m²a) in 2011. Figures refer to treated floor area as
used in the PHPP calculation (Wohnart3) resp. the living area
(German average); both areas are supposed to be fairly
comparable.

Apart from the consumption data collection by bauverein (see
Table 1), energy bills from Techem (billing service) for 2011 and
2012 as well as the meter reading reports from bauverein for the
period from 7 June 2013 to 1 April 2014 (see Table 2) were
available. These meter readings refer to the same meter identified
by an administration number.
The use of these different sources leads to different values for the
DHW consumption during the baseline period (before
optimisation) from 1 January 2011 to 2 September 2013.
According to the bauverein data collection (see Table 1), the DHW
consumption in 2011 and 2012 summed up to 23.3 and 23.7
kWh/(m²a) resp. 264.2 and 268.3 kWh/d. Unless otherwise
indicated, figures per m² refer to a net heated area of 4 144 m².
This figure was deduced from the treated floor area used in the
PHPP calculation by applying a conversion factor of 1.1.

Data for the energy consumption in Wohnart3 was taken from the
Techem bill for the year 2011, p. 2. Data for the average energy
consumption for heating and hot water in residential buildings in
Germany was taken from BMWi (2013): Zahlen und Fakten
Energiedaten, table 7a, online available:
http://www.bmwi.de/DE/Themen/Energie/Energiedaten-undanalysen/Energiedaten/gesamtausgabe,did=476134.html [201404-23]; data for the total living area in German dwellings in 2011
in was taken from Statistisches Bundesamt (2014): Gebäude und
Wohnungen 2012, table 1.1.3, online available:
https://www.destatis.de/DE/Publikationen/Thematisch/Bauen/Wo
hnsituation/FortschreibungWohnungsbestandXLS_5312301.html
[2014-04-23].

The energy consumption deduced from the meter readings (see
Table 2) lead to approx. 18 to 20 % lower values: the DHW
consumption in 2011 and 2012 was calculated to 19.1 and 19.2
kWh/(m²a) resp. 216.8 and 217.4 kWh/d.

In the data collection from bauverein, however, a higher actual
energy consumption of 46.9 kWh/(m²a) was reported for 2011
which is about 65 % lower than the German average.

1 jan to 31 dec
2011

1 jan to 31 dec
2012

1 jan to 2 sep
2013

Total:
1 jan 2011 to
2 sep 2013

96 438

98 194

65 440

260 072

Dhw consumption per m² and year [kwh/(m²a)]

23.3

23.7

Consumption per day [kwh/d]

264.2

268.3

267.1

266.5

Baseline period
(data collection bauverein)
Dhw consumption [kwh]

Table 1: DHW consumption baseline period (before optimisation) – data according to data collection bauverein

1 jan to 31 dec
2011

1 jan to 31 dec
2012

1 jan to 2 sep
2013

Total:
1 jan 2011 to
2 sep 2013

79 139

79 586

50 000

208 725

Dhw consumption per m² and year [kwh/(m²a)]

19.1

19.2

Consumption per day [kwh/d]

216.8

217.4

204.1

213.9

Baseline period
(meter readings)
Dhw consumption [kwh]

Table 2: DHW consumption baseline period (before optimisation)–data deduced from meter readings in energy bills and
meter readings from bauverein
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For the monitoring period after the implementation of the
optimization measures monthly consumption data are available for
the time span from 2 September 2013 to 1 April 2014 (see Table
3). The data base on meter reading reports from bauverein and
are similar to the bauverein data collection. In total 45.7 MWh
resp. 252.3 kWh/d were consumed.

Monitoring
period after
optimisation
Monthly data

Sep 13

Oct 13

Nov 13

Dec 13

Period of
measurement

02.09.02.10.2013

02.10.04.11.2013

04.11.02.12.2013

02.12.31.12.2013

Jan 14
31.12.201331.01.2014

Feb 14

Mar 14

31.01.28.02.2014

28.02.01.04.2014

Total
02.09.201301.04.2014

Dhw
consumption
2013/2014 [kwh]

7419

9763

5787

6956

8604

7144

7592

53 265

Consumption Per
day [kwh/a]

247.3

314.9

192.9

224.4

277.5

255.1

237.3

252.4

Table 3: DHW consumption monitoring period (after optimisation)

The comparison of average values for the baseline period to
those of the monitoring period are, however, misleading as
DHW consumption in summer usually is considerably lower
than in winter and the monitoring period refers to winter
month only. According to a typical DHW consumption profile

shown in the German VDI guideline 6002-1 (see Figure 4),
energy consumption for the month September to March
accounts for approx. 61 % of the yearly energy consumption
whereas the month April to August only account for 39 %.

Share compared
to the month of July

Typical DHW consumption profile according to VDI 6002-1
1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0
1

2

3

4

5

6

7

8

9

10

11

12

Month

Figure 4: Typical DHW consumption profile according to the German VDI guideline 6002-1

A valid comparison of energy consumption before and after
the implementation of optimization measures therefore
needs to be based on equivalent periods of time in terms of
which months of the year are included.
For the Wohnart3 building baseline data for a comparable
time span to the monitoring period (September to March)

could not be determined. For this reason, a significant
comparison of consumption data before and after the
optimization cannot be undertaken. In all, it is not possible
to derive a reliable statement on how much energy might
have been saved (or spent more than before) through the
optimization on the basis of the data available.
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Normalized energy costs for domestic hot water
Table 5 and Table 6 show costs related to the ESM and
optimisation measures as well as the energy price for district
heating for the years 2011 to 2013. The energy prices for district
heating were taken from energy bills and include the basic price
as well as the variable price component.

34.000 euro per flat
= approx. 5.9 million euro in total

Costs for the whole building investment
Costs for the adjustment of the circulation pump

200 euro

Costs for subcontractor
(measuring of hourly and weekly consumption)

1 000 euro

Staff costs related to tenants information

600 euro

Staff costs related to monitoring

300 euro

Table 5: Costs related to the ESM and optimisation measures

Costs for district heating incl. tax
(without metering, maintenance etc.)

2011

2012

2013

0.13 Euro/kWh
Share of basic price is not
known

0.14 Euro/kWh
Included share of basic
price: 4 %

0.13 Euro
Included share of basic
price: 21 %

Table 6: Costs for energy consumption

VII. TENANTS COMFORT AND SATISFACTION
The whole dwelling houses 44 families.27 families participated in
the survey. The families of the passive house in Darmstadt had
been interviewed on their energy related behavior, i. e. their
heating habits, the way of hot water consumption and the use of
electricity. Next to this the tenants had been asked on their
present satisfaction with the issues mentioned. Their expectations
on energy saving potentials in general and in respect to the
particular optimization measure as well as their overall
environmental protection attitudes had been investigated. Their
ideas and whishes in respect to information on energy saving had
been of relevance in the surveys. The questionnaire asked for
satisfaction, awareness and knowledge as well as behavior of the
tenants. The most interesting results can be described as follows.
The overall satisfaction with the current living situation is very
good: 80 % of the households are satisfied with their present
living situation.
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The passive house standard and the expected low heating
costs had been a motive for renting a flat in the passive house:
77 % of the households the passive house standard was a reason
to choose such a flat.

Putting the questions slightly different and asking for low
heating costs in the passive house, 40 % focus on the savings in
heat costs, 35 % stress the contribution to climate protection
while 16 % appreciate the high comfort going along with the
passive house.

Additional information is requested in respect to water
saving, proper heating and shading in particular addressing the
controlled heating system. Other information tenants’ are
interested in are the issues electricity and waste disposal.

The awareness and knowledge on the passive house technologies
is very high already before people moved in. More than 77 % are
well informed on the particular passive house technology. The
means of information are broadly spread – the handbook is one
amongst many. The tenants suggested in the course of the
meetings to publish an English version of the handbook.
Looking at the particular issue of hot water delivery there is a very
high satisfaction (73 %) with the present hot water delivery.
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Energy saving often is discussed in the context of comfort
reduction. As the technical optimization leads to some delay in
the hot water delivery which might be seen as a comfort reduction
and which is not in line with the German court ruling the tenants
had to be asked what they think about this intervention. The issue
had been discussed in the first meeting before the optimization
happened and also had been asked in the survey.
A huge majority would accept 40° temperature for rinsing the
dishes (82 %) and hot water for showering (72%). A majority of 91
% finds a hot water delay during the night very acceptable. In
order to save energy costs 78 % would accept a comfort
reduction.

The described opinions and expectations are in line with the
tenants’ habits in respect to water consumption. 81 % of the
households use water saving appliances like toilet flushes, warm
water connection for dishwasher and washing machine, water
saving shower appliances and water saving taps. The tenants
report that they take a shower instead of a bath and use cold
water for hand washing instead of warm water. The dishwasher
and the washing machine run only while the machine is fully
loaded at 90 % of the households.
A huge majority of the passive house tenants take an interest in
their water consumption ever since and did not need the survey
for raising the awareness.
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Finally the tenants’ were asked about their expectations in
respect to the intervention. Without any surprise the great
majority expects energy cost savings. The final results of the
intervention will be presented to the tenants at the end of the
project foreseen for April/ May 2014.

POSSIBLE OTHER ACTIVITIES PERFORMED ON THE
OCCASION OF THE TENANTS’ SURVEY
As mentioned above the WohnArt3 tenants’ are a very active
housing community, well aware of environmental issues and
taking responsibility of all sorts of issues. They are different to the
tenants of the Heinheimer Strasse and the tenants of the
Mathilden Strasse. Taking this into consideration the WohnArt3
tenants’ opinion on future information material was seeked.
Also the qualitity of the available information the handbook
“Leben im Passivhaus” was assessed by the tenants. The tenants’
recommendation to produce an English version was well received
and will be taken up as the Passive house idea will be followed by
bauverein AG in new construction projects. The occcassion of the
tenants’ survey and the tenants’ meeting also brought up insights
in other relevant issues like proper ventilation, heating and
shading in summer and winter, room climate as well as the topic
electricity and waste disposal- two issues with high saving

potentials. The cooperation with the WohnArt3 tenants will
continue after the end of the project as they are regarded as an
important source of information for the SHO.
It was impressive that the tenants in passive house WohnArt 3
took a very active part in the tenant survey. As members of an
enthusiastic housing community the tenants are well aware of
environmental concerns and will start from their own behaviour to
save energy and protect the climate and environment. Except a
positive assessment by tenants on the handbook “Leben im
Passivhous” they have also addressed their interest on the further
information material regarding the energy saving in their future
live. Some of them suggest an English version of it and this idea is
accepted and will be followed by bauverein AG in its new
construction, above all, in Passive House projects. The occasion of
tenant survey also brought up insights on other relevant issues
like proper ventilation, heating and shading in winter and summer,
indoor climate as well as the topic electricity and waste disposal –
two issues with high saving potentials. The cooperation and
exchange with the tenants in WohnArt 3 will continue after the
end of AFTER project as they are regarded as an important source
of information for SHO.

VIII. LESSONS LEARNT
OVERVIEW
The optimization of ESM #3 in Darmstadt focused on saving on
hot water in the passive house WohnArt 3, because in relation to
total heating consumption around 50% is consumed for the hot
water. Lessons learned from ESM#3 consist in mostly energy and
social pursuance as well economic purpose.
•

Technical optimization can be achieved by an
extended cut of the running hours of the circulation
pumps (up to 21 hours per day is possible).

•

By the optimization solution, the heat losses reduced
significantly in the hot water pipes and can bring
about up to 7% of energy savings.

•

There is a legal limit for the demand of hot water in
Germany: demand of immediate delivery of hot water
is maximum 3 litres.

•

It must be emphasized that the living habits of tenants
exert a great influence on the energy saving. The
tenant surveys show that tenants want to save energy
for their domestic hot water and also are ready to
accept a reduction of living comfort because it is

suggested to slow down hot water supply during the
night hours (23pm – 05am).
•

Supposed health problems: reproduction of Legionella
in warm water by temperature 25°C ~ 50°C. However,
it needs actually no more than three hours per day to
destroy this bacterium.

•

Through tenant surveys by face-to-face exchange
between tenants and bauverein AF as well WP 7
leader it was found that tenants not only give their
satisfaction on the new hot water regime, but also
show more interests on the detailed information about
other water saving possibilities and so on.

RESULTS
Perform In a passive house optimization measures is difficult as is
virtually no energy is required for heating. The building is well
insulated and made air-tight. The ventilation systems must run
well otherwise it can prevent mold or bad living environment. The
focus was placed on the provision of domestic hot water.
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Here it was, together with the residents as part of a tenants
meeting be decided that the hot water is turned off at night for 6
hours.
In addition, we have found in the tenant meetings that dealing
with the ventilation system does not really work at all tenants. So
it is in a passive house that the ventilation system can also be
used for heating, especially in the transitional period autumn /
winter or winter / spring. This fact means that we need (see
attached brochure) even stronger inform the tenant about the
principle of passive house and enlighten despite intensive tenant
information . The technique which is indeed easy to understand
for professionals exists in such a house, but the tenant needs
more support here.
The big problem with these optimization measure was that we
have a legal requirement on the hygiene of drinking hot water
which the legionella risk or reduce the drinking water regulations ,
had to cancel note . Thus we could not go down as far as it would
have been energetically sensible lowering the hot water supply.
We were still able to save energy and will implement the
knowledge in our just established passive house as part of the
commissioning period on.
However, it should be noted that we can achieve higher energy
savings potential through a deeper and ongoing education of the
tenants here.
Addition, it was found in the tenant meetings that some residents
complain about the very dry air, the reign of building physics in
the passive house. This technical solution must be developed and
to counteract this in the future, otherwise the positive living
environment can turn into a negative.

Tenant Handbook for living in a PassivHaus
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How to handle a ventilation system
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O 1.
O 2.
O 3.
O 4.
O 5.
O 6.

3 selected replacement of systems ESM are optimized and tested on 3 pilot sites (-5% of the previous energy consumption on
pilot sites) : HEINHEMMER STRA∫E
6 selected pilot refurbishment ESM are optimized and tested on 6 sites (-50% of the previous energy consumption on the pilots) :
MATHILDENSTRA∫E
3 selected low energy buildings ESM are optimized and tested on 3 pilot sites (-5% of the previous energy consumption on pilot
sites) : SC9B
18 pilot ESM assessed with the corresponding data collection.
18 pilot ESM tested, quantified, evaluated and corrected technically et economically for their energy efficiency in 6 SHO.

D5.2

Report on pilot sites : HEINHEMMERSTRA∫E

D6.2

Report on pilot ESM tested “live” on sites : MATHILDENSTRA∫E

D7.2

Report on pilot sites : WOHNART 3

D8.1

6 reports of testing and evaluation about the 18 pilot ESM with the corresponding recommendations
and corrections including organizational aspects / processes.

D8.1
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