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H2 College is administered by the housing company called
Fruehojgaard.The housing association Fruehøjgaard is a social
housing that behave and rent public housing youth and family
homes. The housing association Fruehøjgaard always attached
great importance to the principle of participation to the tenants,
which today manifests itself in a very active resident democracy
in housing association many departments. Fruehøjgaard have
goal to help meet the housing needs in Herning Municipality by
offering citizens a good and safe housing both in maintained
functioning energy and surstanibility. Fruehøjgaard want to
work with care for people and the environment. Fruehøjgaard
think green thoughts into new buildings as well as renovations .
Environment and climate change is high on the political agenda both at home and globally. A judicious ambitious environmental
policy has become essential for Fruehøjgaard to continue to do
well in a world where the game constantly getting tougher . It is
also important for Fruehøjgaard to ensure that the residents

receive enough knowledge and information that they feel safe
and taken care of.
Pilot Sites LYSTRUP and MAARSLET are owned and managed by
Aarhus Kommune (Municipality of Aarhus), the second largest
city in Denmark. The partner of the AFTER project is the
buildings section of Health and Care service of the Municipality,
which runs approximately 4000 dwellings for elderly people.

AARHUS
COUNTRY: DENMARK (CENTRAL DENMARK)
POPULATION: 323 893 (2nd city in Denmark)
ELEVATION: 15 meters
KÖPPEN CLIMATE CLASSIFICATION: Cfb
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ENERGY SAVING MEASURE #1:
HERNING
WORK PACKAGE FOR THE
MEASURE

 OPERATING MANAGEMENT

TYPE OF MEASURE

TENANTS INFORMATION

NAME OF THE MEASURE

ENERGY SAVING DIRECT CAMPAIGN TOWARDS TENANTS IN A UNIVERSITY PASSIVE
HOUSING

NUMBER OF DWELLINGS

66

equipment
Energy data shows an unacceptable difference between
highest and lowest energy consumptions among tenants
inducing issues of satisfaction regarding the economic,
energy and comfort performance of the building (buy
factor 10). We have identified big differences of
consumption levels between the dwellings. The yearly
heating consumptions vary form 4 kWh/y to 1693 kWh/y
(or from 0.1 kWh/m²/y to 48 kWh/m²/y).

HERNING is the first Social Passive Housing building in
Denmark (building located for maximum sunlight / double
heatflow ventilation / heavily insulated / low energy windows /
geothermal system with a heating pump / hydrogen plant
originally planned but cancelled due to an expensive and fragile
management and maintenance).
Tenant information about heating system and
tips/motivation in written form are delivered. This
awareness process is supplied by direct information from local
staff.
Every building is approximately consuming 14 500 kW/year for
domestic hot water, ventilation, electric devices, etc.

«Soft» corrective actions need to be implemented with the
tenants in order to correct these overconsumptions (tips and
information). To do so, a precise knowledge of the real use of the
building is needed to improve its efficiency and the tenants
behaviors.
The participating Social Housing Organization has implemented a
survey regarding the tenants behaviors and patterns of
energy consumptions with personal interviews, online
and postal questionnaires and implementation of a
submetering system in dwellings in order to identify
and separate energy consumptions for heating
(electricity) and other personal consumptions such as
computers, hi-fi, electric hardware.

The target group for the building induces a special context: H2O
college is a university housing unit, with students tenants mean
frequent transfers, some period of vacancy in the dwellings and
other characteristics regarding the use of the building and its
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ENERGY SAVING MEASURE #2:
LYSTRUP
WORK PACKAGE FOR THE
MEASURE

 RECENT LOW ENERGY BUILDINGS

TYPE OF MEASURE

TOTAL REFURBISHMENT

NAME OF THE MEASURE

GLOBAL RETROFITTING TO LOW-ENERGY BUILDING IN SENIOR
INDIVIDUAL HOUSING

NUMBER OF DWELLINGS

14

We can’t assess the payback of the investment for the
ESM, but we can say that after the implementation of
the ESM the building reaches a moderate,normalized
energy consumption: from 80 up to 106 kWh/sm/year. it
turns out that energy consumption has highly
decreased: from 41% up to 48%.

The Pilot Site include 14 houses for seniors from 1984 that
have been going through a total renovation to upgrade
their energy level to low-energy standards in Denmark.
The AFTER Pilot Site LYSTRUP in Denmark has been refurbished
in 2011. The refurbishment as included additional insulation
of the roof, walls and foundations, new energy
performant windows & frames with additional sun
protections, additional photovoltaics panels, and
ventilation system with heat recovery. The buildings are
connected to district heating.
The original building was constructed in 1984 and had a
quite large energy-consumption; approximately
150kWh/M2 for room heating per year; as well as low
comfort, most significant problem was not being able to sustain
adequate room temperature in the coldest months.

The objective of the retro-commissioning process (RCx)
was to identify some weak points in the energy
consumption of the building in order to improve its
post-refurbishment performance.
The energy supply used by the heating coil in the ventilation is
regulated by the demand for energy of the floor heating, resulting
in unheated air in ventilation when floor heat is not running. The
problem raised up by Aarhus is a general lack of regulation of
heating system and ventilation. When the first is not working the
second one doesn’t work too. So tenants complain about thermal
discomfort. Through the intervention suggested there will be a
separation between the heating recovering system and
the underfloor heating system in order to improve the
situation.
This optimization has probably not gained energy
savings, if any they are quite small and cannot be
exclusively identified in the metering data. The social
aspects are quite good as the tenants experience a
better satisfaction; less draft from ventilation.
The implementation of the ESM cost 2.984.390,00 €.
There were no technical costs related to the first optimization of
the ESM, because it was done for free by the original contractor in
the framework of the guarantee period.
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ENERGY SAVING MEASURE #3:
MAARSLET
WORK PACKAGE FOR THE
MEASURE



RECENT LOW-ENERGY BUILDING

TYPE OF MEASURE

NEW LOW-ENERGY CONSTRUCTIONS

NAME OF THE MEASURE

TERRACED LOW-ENERGY HOUSING FOR ELDERLY PEOPLE (DANISH
ENERGY CLASS 2A)

NUMBER OF DWELLINGS

8

The Domestic Hot Water is a new stake in the low
energy buildings as it represents an higher percentage
of the global energy consumption for the building. At the
time of the RCx the control-system for Domestic Hot Water was
found to be adjusted quite casually. Different HDW temperatures,
different flow in exchanger, even faulty valves due to dirt/foreign
parts in the pipes.

8 dwellings for the elderly people.
These buildings replaced 8 other dwellings from 1978 that was
not up to todays standards and had low arcitectural value.
The new buildings respects the Energy class A2 in
Denmark.
Energy - design criteria:
71 kWh/M2 pr. year (roomheating 49,4 kWh/M2 + 21,6
kWh/M2 because of legal demand for "high ventilation level").
Yhe cost for the whole operation is approximately about 1 808
500 euro incl. Tax.
The new building is including reinforced roof insulation
(445mm), and strong walls Insulation (200mm), windows &
frames with triple-glazing (U=1,20 w/ m2*k incl. frame and
sash), photovoltaics: solar panels on the roof 7.66 per m2. house
(0.154 kW/m2 Peak power and system efficiency of 0.752).).
The systems for the building include balanced mechanical
ventilation with heat recovery and by-pass function. The
under floor heating is directly connected to district heating
supply. A decentralized heat-exchanger is implemented
for Domestic Hot Water supplied by the district heating
network.

The control-valve setup was adjusted for “comfort” meaning always ”hot” and ready for production of
HDW. Domestic Hot Water heat exchanger was
designed to keep warm all the time. This enables DHW
to be hot all time only with a small delay in temperature
increase when the tenant requires DHW. The cost for this is
a constant small flow of district heating. The exchanger ran idle
for fast production.
The Social Housing Organization prefers the heat
exchanger to be cold until the tenant (thereby saving
energy in the meantime but using more water due to
the delay in temperature increase requires Domestic
Hot Water The setup were readjusted with the implementation
of a new valve replacing the “comfort” valve (cost: 1000 EUR
including hours spent) for heat-savings/no idle causing slightly
longer waiting time for hot water.

For the new construction baseline data before the
optimization from 1 December 2011 to 4 March 2013
are available. Heating and DHW to a net floor area (the
gross floor area of the new low energy building (“new
LEB”) accounts for 571 m².) of 520 m², the average
consumption for this period accounted for 0.31
kWh/(m²d).
In the reporting period (after optimisation) from 4
March 2013 to 28 February 2014 the heating and DHW
consumption accounted for 45.8 MWh, approx. 89.1
kWh/(m²a) resp. 0.24 kWh/(m²d). The average consumption
in the reporting period (after the optimisation) is considerably
lower than in total baseline period (before optimisation).

IEE 10/322 / AFTER PROJECT : REPORTING DENMARK

6

IEE 10/322 / AFTER PROJECT : REPORTING DENMARK

7

SUMMARY
BL + AARHUS KOMMUNE
SUMMARY ............................................................................................................................................................................................................... 8
ESM #1: HERNING ................................................................................................................................................................................................. 10
I.

IDENTIFICATION OF THE ENERGY SAVING MEASURE ..................................................................................................................................... 10

II.

IDENTIFICATION OF THE PILOT BUILDING ..................................................................................................................................................... 12
II.1. GENERAL OVERVIEW ..................................................................................................................................................................................... 12
II.2. BUILDING DESCRIPTION ............................................................................................................................................................................... 12
II.3. PREVIOUS REFURBISHMENTS ...................................................................................................................................................................... 13
II.4. BUILDING EQUIPMENT .................................................................................................................................................................................. 13
II.5.1. Heating ................................................................................................................................................................................................... 13
II.5.2. Domestic Hot Water............................................................................................................................................................................... 14
II.5.3. Ventilation .............................................................................................................................................................................................. 14
II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM ............................................................................................................................... 14

III.

IDENTIFICATION OF THE OPTIMIZATION SOLUTION FOR THE ORIGINAL ENERGY SAVING MEASURE ..................................................... 15
III.1. GENERAL DESCRIPTION FOR THE OPTIMIZATION SOLUTION ................................................................................................................... 15
II.5.2. Optimization selection #1 ...................................................................................................................................................................... 15
III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS .................................................................................................................... 16
III.2.A. Optimization process #1 ...................................................................................................................................................................... 16
III.2.B. Optimization process #2 ...................................................................................................................................................................... 17

IV.

PLANNING ...................................................................................................................................................................................................... 20

V.

BUDGET ............................................................................................................................................................................................................ 21

VI.

REPORTING OF THE COLLECTED RESULTS.................................................................................................................................................. 22
VI.1. BASELINE PERIOD IDENTIFICATION ........................................................................................................................................................... 22
VI.2. MONITORING PERIOD IDENTIFICATION...................................................................................................................................................... 22
VI.3. SYNTHESIS OF THE RESULTS ..................................................................................................................................................................... 23

VII.

LESSONS LEARNT ........................................................................................................................................................................................ 24

ESM #2: LYSTRUP ................................................................................................................................................................................................. 26
I.

IDENTIFICATION OF THE ENERGY SAVING MEASURE ..................................................................................................................................... 26

II.

IDENTIFICATION OF THE PILOT BUILDING ..................................................................................................................................................... 27
II.1. GENERAL OVERVIEW ..................................................................................................................................................................................... 27
II.2. BUILDING DESCRIPTION ............................................................................................................................................................................... 27
II.3. PREVIOUS REFURBISHMENTS ...................................................................................................................................................................... 28
II.4. BUILDING EQUIPMENT .................................................................................................................................................................................. 28
II.4.1. Heating ................................................................................................................................................................................................... 28
II.5.2. Domestic Hot Water............................................................................................................................................................................... 29
II.5.3. Ventilation .............................................................................................................................................................................................. 29
II.5.4. Solar panels ........................................................................................................................................................................................... 30
II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM ............................................................................................................................... 30

III.

IDENTIFICATION OF THE OPTIMIZATION SOLUTION FOR THE ORIGINAL ENERGY SAVING MEASURE ..................................................... 31
III.1. GENERAL DESCRIPTION FOR THE OPTIMIZATION SOLUTION ................................................................................................................... 31
II.5.2. Optimization selection #1 ...................................................................................................................................................................... 31
III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS .................................................................................................................... 32
III.2.A. Optimization process #1 ...................................................................................................................................................................... 32

IV.

PLANNING ...................................................................................................................................................................................................... 35

V.

BUDGET ............................................................................................................................................................................................................ 35

VI.

REPORTING OF THE COLLECTED RESULTS.................................................................................................................................................. 36
IEE 10/322 / AFTER PROJECT : REPORTING DENMARK

8

VI.1. Baseline period identification ....................................................................................................................................................................... 36
VI.2. Monitoring period identification ................................................................................................................................................................... 36
VI.2. Synthesis of the results collected ................................................................................................................................................................ 37
Yearly energy consumption (kwh/sm/year) electricity and water .................................................................................................................. 37
Monthly data: energy consumption and normalized energy consumption (kwh) .......................................................................................... 38
Monthly data: costs for energy consumption.................................................................................................................................................. 39
Yearly comparison: saving energy consumption ............................................................................................................................................ 39
Yearly comparison: saving energy costs ......................................................................................................................................................... 40
Evaluation of costs of investments.................................................................................................................................................................. 41
VII.

TENANTS COMFORT AND SATISFACTION ................................................................................................................................................... 41

VIII.

LESSONS LEARNT ...................................................................................................................................................................................... 43

ESM #3: MAARSLET .............................................................................................................................................................................................. 44
I.

IDENTIFICATION OF THE ENERGY SAVING MEASURE ..................................................................................................................................... 44

II.

IDENTIFICATION OF THE PILOT BUILDING ..................................................................................................................................................... 46
II.1. GENERAL OVERVIEW ..................................................................................................................................................................................... 46
II.2. BUILDING DESCRIPTION ............................................................................................................................................................................... 46
II.3. PREVIOUS REFURBISHMENTS ...................................................................................................................................................................... 47
II.5. BUILDING EQUIPMENT .................................................................................................................................................................................. 47
II.5.1. Heating ................................................................................................................................................................................................... 47
II.5.2. Domestic Hot Water............................................................................................................................................................................... 48
II.5.3. Ventilation .............................................................................................................................................................................................. 49
II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM ............................................................................................................................... 49

III.

IDENTIFICATION OF THE OPTIMIZATION SOLUTION FOR THE ORIGINAL ENERGY SAVING MEASURE ..................................................... 50
III.1. GENERAL DESCRIPTION FOR THE OPTIMIZATION SOLUTION ................................................................................................................... 50
II.5.2. Optimization selection #1 ...................................................................................................................................................................... 50
III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS .................................................................................................................... 51
III.2.A. Optimization process #1 ...................................................................................................................................................................... 51

IV.

PLANNING ...................................................................................................................................................................................................... 53

V.

BUDGET ............................................................................................................................................................................................................ 53

VI.

REPORTING OF THE COLLECTED RESULTS.................................................................................................................................................. 54
VI.1. Baseline period identification ....................................................................................................................................................................... 54
VI.2. Monitoring period identification ................................................................................................................................................................... 54
VI.3. Synthesis of the results ................................................................................................................................................................................ 55
Comparison of the baseline data (before optimization) for the old demolished building and the newly built low energy building ............. 55
Comparison of baseline (before optimisation) and monitoring data (after optimisation) ............................................................................. 56
Domestic water consumption ......................................................................................................................................................................... 56
Normlized energy costs analysis .................................................................................................................................................................... 57

VII.

TENANTS COMFORT AND SATISFACTION ................................................................................................................................................... 58

VIII.

LESSONS LEARNT ...................................................................................................................................................................................... 59

IEE 10/322 / AFTER PROJECT : REPORTING DENMARK

9

ESM #1: HERNING
OPERATING MANAGEMENT

I.

IDENTIFICATION OF THE ENERGY SAVING MEASURE

WORK PACKAGE FOR THE
MEASURE

 OPERATING MANAGEMENT

TYPE OF MEASURE

TENANTS INFORMATION

NAME OF THE MEASURE

ENERGY SAVING DIRECT CAMPAIGN TOWARDS TENANTS IN A UNIVERSITY
PASSIVE HOUSING

DESCRIPTION OF THE ENERGY
SAVING MEASURE

MANAGEMENT
ASPECTS

In 2009 there was a refurbishment of the existing building there are
form 1989 and the 2 stocks we are examine was a new build and build
as a passive house – zero energy (building located for maximum
sunlight / double heatflow ventilation / heavily insulated / low energy
windows / geothermal system with a heating pump / hydrogen plant
originally planned but cancelled due to an expensive and fragile
management and maintenance).. It´s the first passive houses in
Denmark youth people.
•

•
•

The heat demand for space heating must not exceed 15
kWh/m2/yr, which corresponds to approx. 20 percent of heat
consumption in one normal housing
The dwellings will be extra tight: Air density (infiltration by
pressure test n50) must not exceed 0.6 h-1 (0.3-0.4 l / s / m ²)
The total primary energy needs, incl. entire energy
consumption for household and entertainment must not
exceed 120 kWh

The building are insulated with 300 mm rock wool in the walls and 500
mm rock wool in the roof, The heating system is a ground source heat
pump from http://www.stiebel-eltron.de/ delivered by Bravida A/S
comibind with an electric heat coil.
Tenant information about heating system and tips/motivation in written
form are delivered. This awareness process is supplied by direct
information from local staff.
The target group for the building induces a special context: H2O
college is a university housing unit, with students tenants mean
frequent transfers, some period of vacancy in the dwellings and other
characteristics regarding the use of the building and its equipment.
IMPLEMENTATION OF THE
MEASURE

2009
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II.

IDENTIFICATION OF THE PILOT BUILDING

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

BOLIGSELSKABET FRUEHØJGAARD

COUNTRY

Denmark

ADDRESS OF THE BUILDING

NUMBER

77-93

STREET

H2-college / birk centerpark

CITY
(+CODE)

Herning (7400)

CLIMATIC
ZONE

Cfb

INDIVIDUAL/COLLECTIVE



Collective

YEAR OF DELIVERY FOR THE BUILDING

2009

NUMBER OF STORIES

2

NUMBER OF DWELLINGS

66 (The test is taken place in 2 Blocks wish contain 26 and 20 dwellings
respectively)

NUMBER OF INHABITANTS

Between 46 -100

ENERGY CARRIER FOR HEATING

Geothermal and Electricty

II.2. BUILDING DESCRIPTION
TYPOLOGY

University housing

CONDITIONNED FLOOR AREA

1320

NUMBER AND SIZE OF
DWELLINGS

ROOMS

SURFACE

NUMBER

1

28,79

46

CONSTRUCTIVE TYPOLOGY

Not provided

WALLS TYPOLOGY

INSULATION

 External thermal insulation

INSULATION
MATERIAL

 Mineral wool: rock

TIGHTNESS
(CM)

30

EXTERIOR TRIM  Coatting
CEILLAR, BASEMENT

INSULATION

 Ceilar

INSULATION
MATERIAL

 Cellular plastics
 mineral wool: rock
IEE 10/322 / AFTER PROJECT : REPORTING DENMARK
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TYPE OF ROOF, TERRACES

INSULATION

 Flat roof

INSULATION
MATERIAL

 Cellular plastics
 mineral wool
40

TYPE OF WINDOWS

GLAZZING

 Triple

FRAME

 Pvc

U-VALUE

0,65W/m2k

II.3. PREVIOUS REFURBISHMENTS
YEAR OF
IMPLEMENTATION

TYPE OF REFURBISHMENT PART OF THE BUILDING
IMPACTED

REFURBISHMENT DESCRIPTION

No refurbishment (new building)

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

 Electricity (ventilation)

DISTRIBUTION

 Individual

PRODUCTION

 Heat recovering ventilation

HEATING EQUIPMENT #1:
IDENTIFICATION

LINDAB KVU

TYPE

 Duct heater for air heating systems, e.g. Supplementary heating in ventilation systems in houses or in
connection with air duct systems.

DESCRIPTION

Duct section
Hot-galvanised steel tubes with lindab safe sealing ring in both ends.
Terminal box
Electroplated sheet iron box fitted with two pg16 cable gland. Electric supply though the fitted row of
clamps. Proofing ip44.
Heating elements
Tubular heating elements made of aisi 304 (stainless) with a surface load of 2.5 w/m² for air velocities
above 2 m/sec.
Overheating protection
In the terminal box there is a builtin one pole temperatur limiter (30-87ºc) with automatic reset (b2) as
well as a thermal cut-out with manual reset (125ºc) (b1)

START-UP DATE

2010

POWER (KW)

640w
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II.5.2. Domestic Hot Water
ENERGY CARRIER

 Geothermal

DISTRIBUTION

 Collective

DOMESTIC HOT WATER EQUIPMENT #1: HEAT PUMP
IDENTIFICATION

STIEBEL ELTRON WPF 7

TYPE

 Heat pump

START-UP DATE

2009

TANK VOLUME (IN LITER)

1000 (1/block)

II.5.3. Ventilation
DISTRIBUTION

 Individual

TYPE

 Mechanically controlled ventilation with heat recovery

VENTILATION EQUIPMENT EQUIPMENT #1:
IDENTIFICATION

PLUGGIT, AVENT P180

TYPE



START-UP DATE

2009

DESCRIPTION

Casing made of steel sheet incl. EPS coating. Can be operated by means of a film display directly at the
unit or by means of IOS and Android app. Switch to left right operation. Incl. Aluminium cross-countercurrent heat exchanger. Optional additional equipment as you wish (remote control, bypass, heating
register, sensors for humidity or vocs, control via smartphone, PC module). Four connectors at the top,
one additional connector for supply air at the bottom. Connection to BUS systems is possible as an
option.
Capacity: Level 3 = 140 m³/h

Heat recovery ventilation

II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM
YEAR
HOT WATER
VENITLATION
ELECTRIC DEVICES

2007

2008

2009

in kWh

2010

2011
435 00

New building

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

2)

 TENANTS AWARENESS AND EMPOWERMENT
INSTALLATION OF MEASURING IN THE DWELLINGS
OFFENSIVE AND MASSIVE COMMUNICATION WITH THE
TENANTS

3)

PURPOSE FOR IMPLEMENTING THE OPTIMIZATION
SOLUTION

4)

Energy data shows an unacceptable difference between
highest and lowest energy consumptions among tenants
inducing issues of satisfaction regarding the economic,
energy and comfort performance of the building.
«Soft» corrective actions need to be implemented with the
tenants in order to correct these overconsumptions (tips and
information). To do so, a precise knowledge of the real use of the
building is needed to improve its efficiency and the tenants’
behaviors.
The reason for choosing H2 College is that there was a
very big difference between the tenants who use less
energy and the tenant use most. Some tenants only use
600 KWh pr. Year and some up to 6000 KWh pr. Year.

Behaviour: reduction and regulation of indoor
temperature, opening of windows (how long, how
often?), closing of shutters at night, stopping the
heating or not when absent for more than several hours
or days. Student’s behavior is very different from the
types of behavior of social housing tenants.
Orientation of studios: North, South, East, West?
Studios in between of two studios or at the left or right
end of the buildings? Studios in the ground floor or first
floor?
Free Heating provided natural imputs (sun or
body heat) or by other lighting, cooking,
electronic equipment? The bills (in kWh) can be a
good indicator of these consumptions of electric
devices.

In depth tenants survey is necessary such as face-toface short interviews (or by phone) to obtain significant
explanatory factors of distortions that are by a factor of
10, in heating consumption. The target dwellings are those
where we have their individual energy consumptions.
The caretaker that generally knows a lot about his tenants could
provide insight on students’ mode of occupation, presence (weekdays, week-ends, holidays) if they are single or not. Perhaps the
chief of local staff Kjeld Kristensen could look in to it and provide
some explanatory factors.
OBJECTIVE TARGETED

Patterns of behaviour of students/tenants behaviour in
their housing units are much different than social
housing tenants regarding heating energy consumption.
The different heating consumptions from 600 kWh to 6000 kWh
could be linked to:
1)

Occupation modes: hours of presence during weekdays in function of studies that are followed, week-ends,
university holidays if their parents live far away, number
of days of presence during the winter, per month, per
year. Occupancy by more than one person?

 Improve the energy performance
MEASURMENT FOR THE OBJECTIVE TARGETED
 Quantitative
 qualitative
TYPE OF MEASUREMENT
 Energy
 behaviours
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III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS
III.2.A. Optimization process #1
DESCRIPTION OF THE ACTION:
OFFENSIVE AND MASSIVE COMMUNICATION WITH THE
TENANTS

heating season 2012/2013 we made the baseline and in the
heating season 2013/2014 we have the campaign period where
we through different campaigns and interview attempted to have
an impact on the tenants use of energy so they use less energy.

Each dwelling is equipped by an electric emitter that
produces warm air. The objective of this action is to
meter the energy consumption of these individual heat
emitters.
There will be installed submeters: the USB Meter Reader system
which is from Kamstrup. The USB Meter Reader used for quick
and easy wireless reading of Kamstrup heating meters, which is
equipped with a radio module with the EU-frequency.
There will be installed sub meter in 10 apartments in 2 different
blocks (5 in each block).
We will use Kamstrup meter - 162 - Generation L.
Type of meter:
“ is:
•

a Single-phase housekeeping measures

•

Prepared for Smart Home Applications

•

Optimized for Smart metering systems

•

Based on an open protocols

•

Tamper-proof

•

Extremely low power consumption

There is not much maintenance on the electricity meter (Bi-meter),
But we expect that they should be replaced after approx. 10 years
according to the manufacturer. Selected meters are read via a
handheld terminal once a week which is resource intensive. But
should this be extended to many dwellings it would be wise to set
up a system that was remotely read and WEB-BASED.

To conduct the study, we need to set up bi-meter so
that we could measure the heat from the heating coil
(see attached foto).
The study was during the heating season monitored tenants
heating consumption by measuring their electrical heater in the
SYSTEM IMPACTED
HEAT EMITTER

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION



YES

DESCRIPTION

The local staff will collect data once a week through the USB Meter
Reader system it’s a wireless reading system of the heating which is
equipped with a radio module

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETERS
MEASUREMENT

Electric consumption for heating
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TIME RANGE
BETWEEN
MEASUREMENTS
METERING CHARACTERISTICS
& POINTS

We try to get the data once a week but it depended on the other
operation of the building - if there are enough time.

The installed submeters are the USB Meter Reader system which is from Kamstrup. The USB
Meter Reader used for quick and easy wireless reading of Kamstrup heating meters, which is
equipped with a radio module with the EU-frequency.
DATA:
• Wireless reading of Kamstrup heating meters
• Reading duration is only 3-5 seconds
• Commissioning time is low

III.2.B. Optimization process #2
DESCRIPTION OF THE ACTION:
OFFENSIVE AND MASSIVE COMMUNICATION WITH THE
TENANTS
The aim is through information and tenant survey to
influence residents’ behaviour to use less energy especially
the heat consumption.
TO do that, there will be different campaigns. Some are small
others are in a larger scale and include all 63 apartments.
Description of the overall study/survey and how the tenant’s
behavior can be influenced.

PURPOSE
The aim is through information and tenant survey to influence
residents' behavior to use less energy especially the heat
consumption.
HOW TO DO IT
There will be different campaigns some are small others are in a
larger scale and include all 63 apartments. As explained in the
M&V plan
CAMPAIGN
•

1st campaign via mail that invited the tenant to
participate in the survey about energy savings and their
consumer behaviour. The survey will be conducted on
the Internet. Starting in primo April 2013 and end ultimo
April 2013.

•

2nd campaign competition and energy savings - going
online. Starting September / October 2013 in
connection with the start of heating season.

•

3rd campaign on invitation and reminder to save
energy. Takes place on the web. Starting in October
2013

•

4th campaign uses study whether any. Changing
habits and follow-up on the course of the campaign.
Takes place on the web. Starting in November 2013

DETAILS OF THE 1ST. CAMPAIGN
In the first campaign are residents invited to participate
in the survey, in view of their special interest to live

energy and environmentally friendly. We will in the first
survey find out how motivate they are to save energy.
Residents who participate can win gifts and a gift card
with a value of approx. EUR 55 for grocery shopping. If
they participate in every 8 months the survey runs.
The questions in the first survey:
1 Are you in your daily life aware of the extent to which
you use energy?
2 Are you happy and proud of living in an energyefficient building?
3 Do you sometimes mention to others what is special
about the energy-efficient building that you live in?
4 Do you speak with others in your daily life to save
energy?
5 Following the media coverage of the energy and
climate debate?
6 Are you interested in saving more energy?
The next part of the survey:
Each question is assigned a rating from 1 to 5, with 1
indicating that they are not agree, and 5 stands for that
they strongly agree.
What do you do specifically to save energy?
Turn off the lights when I'm not home, or do not need
it?
Regulate the heat down when I'm not home?
Turn down the heat when I open the windows?
User bike instead of the car?
Do you use public transport instead of the car?
I often buy energy efficient products?
DESCRIPTION AND TENANT’S INFORMATION OF THE
EU PROJECT
In an EU project on energy reduction in some Member States
which, among other things intends to support and ensure the EU's
20-20-20 targets * we are study the tenant's behavior in relation
to their energy consumption.
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We have inform the tenant about the 4 parts of the survey and of
course the long time it will take to for fill the survey(8 maonth) We
very much hope that you will participate in the investigation and
help to reduce energy consumption at colleges across the country
and in the rest of Europe.
20-20-20 target was adopted in 2007 by EU heads of state and
government leaders and is an ambitious energy and climate
policy, which deals with binding targets for the reduction of CO2
emissions and the use of renewable energy. At the summit, the
EU adopted binding targets for renewable energy in 2020 to
cover 20% of the community's energy consumption, and that
member countries should collectively reduce CO2 emissions by
20-30% compared to 1990. In addition, set a target of increasing
energy efficiency by 20%.
In connection with the Danish Presidency's goal of 2007 has finally
come to a finished Directive, which has been endorsed by both
the Parliament (11/9) and the Council - and the directive is finally
approved fourth October 2012.

DETAILS OF THE 2ND CAMPAIGN
The second campaign is an Information campaign designed to
influence the behavior of the residents through information about
energy and occupant behavior on user behavior and energy
savings.
The survey compiled in August, and implemented in the beginning
of September 2013, when the heating season starts.
DETAILS OF THE 3RD CAMPAIGN
3rd campaign is information about energy saving and there will be
a competition with a chance to win prizes if the tenants
participate in the survey.
The survey will be prepared in August/September 2013 and
implemented primo October 2013, when the heating season
begins.
DETAILS OF THE 4TH CAMPAIGN
In the 4th campaign the survey is conducted by personal interview
or interview by telephone. The survey will among other things be
based on the suggested questions and survey – see appendix 1
but will also be adapted to the earlier surveys, and of course the
aim of influencing the residents.

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION
DESCRIPTION

The local staffs has to send information to the tenants about the focus
on energy savings an collect the data and sent information to the
tenants about the efforts.

PARAMETERS MEASUREMENT

IPMVP OPTION

A – KEY PARAMETERS

PARAMETERS
MEASUREMENT

Qualitative parameters about behaviours and satisfaction

TIME RANGE
BETWEEN
MEASUREMENTS

2-3 hours at the week.

SURVEY 4 - INTERVIEW NO. 1 ENGLISH VERSION
070414
Tenant survey #1
Gender : Male
Name: Anders
Living in the outer apartment 1st floor
University 0.5 km. from the residence
Tenant survey #2
Gender : Male
Name: NN
Living in the the 1st floor in the middle of the building
University 1.5 km. from the residence
Tenant survey #3
Gender : Female
Name: Emilie
Living in the 1st floor in the end of the building
University 1 km. from the residence
Tenant survey #4
Gender : Female
Name: NN
Living in the 1st floor in the middle of the building
University ? km. from the residence

 YES

Tenant survey #5
Gender : Female
Name: Helene
Living in the ground floor
University 1 km. from the residence
Tenant survey #6
Gender : Female
Name: NN
Living in the ground floor
University 1 km. from the residence
Tenant survey #7
Gender : Female
Name: LineLiving in the ground floor
University 1 km. from the residence
In the After- project , we conduct this interview, as there are large
variations in heat consumption and electricity consumption, so
we're trying to find out what the cause may be:
1 ) HOW OFTEN DO THEY STAY IN THE FLAT AND
HOW MANY?
Question:
How many hours are Tenant away from the dwelling during the
week - and weekend and holydays?
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Do they visit their parents in the weekend and holydays – or
others things? Possibly number of days present during the winter,
per month, per year etc.
How many persons do their lives in each apartments
TENANT ANSWERS ABOUT THEMSELVES:
T#1 : Is away all day typically from 8-17! He is home in the
evenings and weekends! Easter holidays and other holidays he live
with his parents
T#2 : Is away all day from 9-15 . He is home in the evening and
some weekends! Often away in the holidays
T#3: Is away every day from the residence from 8-17, but is often
at home in the weekends in the flat however she is away during
the holidays
T#4: Is often at home study - 3 days a week and in weekends and
some holydays
T#5: Is away from 9-5 and gone in weekends and holydays
T#6: Is away 5-6 hours a day and home in weekends when she is
not at job!
T#7 : Is away 5-6 hours a day and home in weekends when she is
not at job! Some Saturdays she is away when she is at her job near
her parents where she sleeps!
TENANTS' RESPONSES ON ALL TENANTS IN GENERAL
T#1 : Many students are away for the holidays and many are also
away in the weekends! Do not know how many there live in each
flat!
T#2 : He thinks that many students are away in holidays! There are
some tenants who live 2 together!
T#3: There are many who go home in holidays and weekends according Emilie there is very empty during the periods!
There are a number of students - approx. 40-50% - have home
studio days from 1-3 days a week. The students are more present
in winter than in summer - many are on vacation / out of town in
summer. Most students study either at the Engineering College or
at TEKO - Design and Business University - all located in
campusen.
Generally, there are only 1 person in each apartment, Emilie
believe that there are few approx. 3 out of 20 apartments where
there are 2 in each dwelling!
T#4: She thinks there are some who study like she does at home.
There are some who go home in holidays and weekends
T#5: There are most people in the the winter - but Christmas
holidays, Easter holidays weekends and the summer holidays,
there are almost no one in the Campus.
T#6: There are most people in the the winter - but Christmas
holidays, Easter holidays weekends and the summer holidays,
there are almost no one in the Campus.
T#7 : There are most people in the the winter - but Christmas
holidays, Easter holidays weekends and the summer holidays,
there are almost no one in the Campus. The stay hustler generally
only one per. housing, some housing live couples - Line has seen a
dwelling with, foreign students from Eastern Europe, where she
believes there live more than 2 maybe 4 people. Line also
mentions that some residents have dishwashers

2) BEHAVIOR
Reduction and control of indoor temperature , opening windows (
how long, how often )
Closes the heat when they are away for more than a few days.
Student behavior is very different from the behavior of other
social housing tenants(Typical young people).
Never draw the curtains = less sun light?
TENANT ANSWERS ABOUT THEMSELVES
T#1 : Always draws the curtains in the day time. Is not Turn of the
heat when aired out, but he do nat think that he use that much
energy! Closes the heat when he goes “home” on vacation! There
may well be cold feet!

T#2 : He think he draws the curtains in the day time but are not
sure if it´s every day! Is not Turn of the heat when open the
windows and aired out! Never close the heat in the winter –
always on 3 - medium!
T#3: Ventilation 2 times a day for 2 minutes in the winter, but
does not close the heat when airing! The windows are open all
summer but there are no heat on! Always draw the curtain! Have
close the heat since the sun starts shinning every day 1. Of marts!
T#4: Ventilation some times, but do not close the heat when she
opens the windows! Always draw the curtain!
T#5: Line turn off the heat when she is not at home. Ventilation
some times, but do not close the heat! Always draw the curtain!
T#6: Turn off the heat when she is not at home Ventilation some
times, but do not close the heat! Always draw the curtain!
T#7 : Line turn off the heat when she is not at home. Ventilation
some times, but do not close the heat! Always draw the curtain!
TENANTS' RESPONSES ON ALL TENANTS IN GENERAL
T#1 : There are few neighbours there do not draw the curtains
during the day!! He do not know if there are any neighbours who
have the windows open all the time!
T#2 : He do not know about the neighbours!
T#3: Emilie have noticed some who do not draw there curtain in
the day time! Approximately 10% of residents never draw the
curtains either day or night!
T#4: She do not know!!
T#5: Some do not draw the curtain in day time!
T#6: Some do not draw the curtain in day time!
T#7 : Some do not draw the curtain in day time!
3 ) THE APARTMENT'S ORIENTATION: North, South , East,
West ? Studios in between the two studies or to the left or right
end of the building? Is your home as an outer housing ex 1 floor
or in one of the ends !
TENANT ANSWERS ABOUT THEMSELVES
T#1 : Apartment on the 1st floor and in the end of the building.
T#2 : Apartment on the 1st floor in the middle of the building
T#3: Apartment is on the 1st floor and as no 3 from the north
side, in the end of the building
T#4: Apartment is on the 1st floor in the middle!
T#5: Apartment is on the ground floor in the middle!
T#6: Apartment is on the ground floor in the middle!
T#7 : Apartment is on the ground floor in the middle!
4 ) OTHER SOURCES OF ENERGY USE LIKE….
Lighting, cooking , electronic equipment ?
Do you use much electricity ?
The bills ( in kWh ) can be a good indicator of the consumption of
electrical appliances.
PC , New refrigerators ? - Do you have a TV - etc
TENANT ANSWERS ABOUT THEMSELVES
T#1: No television - has no stand-by products , turn off the main
switch when he is not at home so everything is off !
He do not know the size of his bill – but know that hen do not use
much energy!
T#2 : No television - has some stand-by products, He do not
know the size of his bill!
T#3: Have no TV or other hi-fi equipment - no stand-by
consumption beyond the PC and mobile phone. New refrigerator
- low energy
T#4: Have no TV beyond the PC and mobile phone
T#5: Have no TV use electricity to PC, kitchen machine, and
mobile phone
T#6: Have no TV use electricity to PC, kitchen machine, and
mobile phone
T#7 : Have no TV use electricity to PC, kitchen machine, and
mobile phone!
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TENANTS' RESPONSES ON ALL TENANTS IN GENERAL
T#1: Few have television, he would guess it's max 1 out of 7
having television
T#2 : Don´t know
T#3: Don´t know – but everbody have the new low-energy
refrigerators there were preinstalled in the apartments before
they were moving in!
T#4: Don´t know – But think that most of the student only have a
PC and Mobile Phone
T#5: Some tenant have dishwasher and washing machine!!
T#6: Some tenant have dishwasher and washing machine!!
T#7 : Some tenant have dishwasher and washing machine!!
5 ) WHAT DID THE TENANT THINK ABOUT THAT WE
ARE DOING THE SURVEY?
What do you think about that we are making a survey and
campaign about the options and possibility to save energy?
T#1: I think it's good
T#2 : It is OK
T#3: It is very important and very good - and Emilie are very
interested in more information about the survey and the results of
our work/study!
T#4: It is good
T#5: Line thought it is a good idea and that it is important that
we keep a focus on energy saving and energy reduction - We all
have an obligation to conserve the limited resources and caring
for the earth!!!

T#6: I thought it is a good idea and that it is important that we
keep a focus on energy saving and energy reduction
T#7 : Line thought it is a good idea and that it is important that
we keep a focus on energy saving and energy reduction - We all
have an obligation to conserve the limited resources and caring
for the earth!!!
Do you believe that energy campaigns have an impact?
T#1: Yes I think the effect is larger than you may think - and it
affects the subconscious of many tenants and in that way also
have an effect!
T#2 : He don’t know – maybe!
T#3: Emilie believe it helps to create campaigns and she has even
been more aware of how she uses energy, but most about that
she can save money - She definitely think it works on most young
people if they can see they can save money. She don´t think that
the residents can relate to savings in KWH, MWh Cubic Meter
water, heat, etc. The savings must be in EURO if the campaign
shall work
T#4: I believe it works to influents people’s behaviour!
T#5: Line believes it works to influents people’s behaviour!
Line definitely think that it has an effect, and has even been much
more attention to her consumption associated with the campaigns
and the survey we've done with the After Project
T#6: believe it works to influents people’s behaviour!
T#7 : Line believes it works to influents people’s behaviour!
Line definitely think that it has an effect, and has even been much
more attention to her consumption associated with the campaigns
and the survey we've done with the After Project.

MARCH
. 14

FEB. 14

DEC
.13

SEPT.
13

APR.
13

MARCH
. 13

JAN. 13

DEC.
12

NOV.
12

2009

IV. PLANNING

H2COLLEGE built
From the 26. Of. November till the 30. of
November 2012 Mikkel Jungshoved and
Morten Hove Andersen work on finding and
deciding which apartments where the ESM
shall take place and choosing the right
installation company to install the sub
metering in the apartments. Meeting in
Herning on the location the 30. Of November
where we finally agree about the installation.
The installation of sub metering in 10
apartments for allocating heat consumption
for each of the 10 apartments will take place
17. & 18. Of December 2012 and the
measuring will start the 19. Of December 2012
Morten Hove Andersen and Kampstrup
installation company will make sure that the
work will be done and we will be ready for
measuring in the end of December 2012.
From the 19. Of December 2012 till the 1. Of
April we well measure the heat consumption
without influence the tenants’ behaviour
about how they use the heat during the cold
month. The Baseline.
From the 1. Of April 2012 till 1. Of may 2012
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and then again from the 1. Of September till
the 19. of December we will measure the heat
consumption where we influence 5 of the
tenants behaviour thru a lot of information
about energy savings and using energy right.
Mikkel Jungshoved are responsible for this
action and has extensive experience in energy
saving campaigns.(From 1. Of may 2013 till
Medio December there have not been any
heat consumption)
Campaigns of tenants’ information and survey
of tenants’ behaviour – The information
campaign goes on in 2014 to the end of the
measuring period
The 2. Part of tenant survey took place in
December 2013 and January 2014 because of
a very hot autumn and beginning of the
winter, the tenant didn’t use any heat before
in December/January so we couldn’t influence
their consumption. We decide to make an
online and personal interview with the entire
tenant to ask what they think are the reason
for the big variation in the energy
consumption(Heat).
We decide to change the campaign and tenant
survey so we have 3 survey/campaign the first
two where we only influence the 5 tenant that
we have in the first place, and a 3. where we
ask all the tenant as descript above.
We are collecting data till April 2014 and we
are working in march and April on the big
tenant survey where we have online survey
and personal interview with the tenant in the
2 blocks(the goal is to reach all the 46
apartments)

V.

BUDGET

INITIAL INVESTMENT
COSTS FOR THE ENERGY
SAVING MEASURE

6 313 200 EUR

INITIAL INVESTMENT
COSTS FOR THE
OPTIMIZATION ESM

INSTALLATION
OFF MEASURING
IN THE
DWELLINGS

Technical costs
for monitoring approx. 1000 euro
Staff costs external cost approx. 3-4000 euro –
related to the internal cost 2-3.000 euro
monitoring
Submeter costs Approximately 6-6.500 euro.
Metering set-up Approx. 1000 euro
costs

OFFENSIVE AND
MASSIVE
COMMUNICATION
WITH THE
TENANTS

Technical costs 1000 euro for the survey system
related to the
survey
Staff costs 10-15.000 euro.
related to the
survey
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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

December

YEAR

2012

MONTH

April

YEAR

2013

TYPE OF ENERGY Electricity
TIME RANGE
BETWEEN THE
MEASUREMENT

Weekly

UNITY

Kwh

LEGAL
20°c
TEMPERATURE
IN THE BUILDING

VI.2. MONITORING PERIOD IDENTIFICATION
IDENTIFICATION OF THE MONITORING PERIOD

START

END

ALL BASELINE ENERGY DATA

Day

1

Month

May

Year

2013

Day

1

Month

April

Year

2014

TYPE OF ENERGY Electricity
TIME RANGE
BETWEEN THE
MEASUREMENT

Weekly

UNITY

Kwh

LEGAL
20°c
TEMPERATURE
IN THE BUILDING
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VI.3. SYNTHESIS OF THE RESULTS
The heating consumptions of 10 identical dwellings in
H2 College have been measured in order to identify
the discrepancies between the tenants. This additional
metering, as an action of the optimization of the tested ESM in
AFTER project, consists in metering individual consumptions of
electric heaters.

The consumptions have been measured at a frequency
of between 2 and 24 days (rather irregular but often
enough), averaged monthly and summed yearly. The
th
nd
baseline period was from the 13 February to 2 April 2013 and
th
the reporting period ran until 24 March 2014.
In the following bar chart the annual normalized consumptions of
these 10 dwellings are represented during the reporting period.

We can see the big differences of consumption levels
between the dwellings. The yearly heating
consumptions vary form 4 kWh/y to 1693 kWh/y (or
from 0.1 kWh/m²/y to 48 kWh/m²/y).
All apartments are adjoining on the both side. None is located in
the gable end. So the 10 dwellings are identical form a
thermal point of view.

The following graph illustrates the evolution of the monthly
heating consumption normalized for the 10 dwellings. We can
see the short baseline period at the end of winter 2012-2013 and
the reporting period. We can notice the correlated bid
differences between dwellings, but the analysis between
the baseline and the reporting periods is not so relevant because
the first period is too short.
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If the graphs and analysis show that we continue to observe
differences, we have no information about the inside
temperature level (which would explain different comfort
levels) or other measures as occupancy, windows
openings detection or consumption of electrical
devices (internal gains).
The analysis has to be completed by the tenants’ survey to try to
explain these big differences.

3)

15% of studios are occupied by two persons.

4)

No details on household appliances or cooking
equipment that provides natural inputs. Most
students have PC mobile phone; some have a
dishwasher and a washing machine.

5)

Heating consumption is higher at the right and
left ends of the building.

H2 College/ Herning students got letters/information, articles
in tenants 'news', catalogue with suggestions/ideas, competition,
web-based calculator for savings and the opportunity of getting
personal consultation from professionals.
The analysis of heating consumptions has to be
completed by the tenants’ survey to try to explain
these big differences.

6)

Due to high thermal insulation between the
ground floor and first floor, and between each
studio, there is poor or no sharing of indoor
temperature. Some students/tenants interviewed
leave the heating on all week-end because otherwise
they feel cold when they return, others close the
heating when they leave for week-ends or holidays, but
in what exact proportion it is unknown.

What we learned from seven phone surveys are the following:
1)

Students study either at the Engineering
College or at TEKO, Design and Business
University all located at Campusen.

2)

Presence of students on weekdays in their
studios varies according to the studies they
follow, some are very present during the day
and study in their studio, and others are at the
University most of the day from 8 or 9 o’clock
to 17 o’clock. Most are home in the evenings and
week-ends, but many go to their parents’ home on
week-ends and Christmas and Easter holidays and
summer vacations. According to one interview 40 to
50% of students “have home studio days from 1-3 days
a week”. Some have part time jobs

Differences in occupation modes could have explained
the discrepancies in heating consumption, but the
limits of the student’s tenant’s survey cannot provide
sound and systematic explanatory factors:
1)

Refusal of the Social Housing Organization to
link the phone interview to the occupied
studio that has been measured.

2)

Poor quality of the English version of the
phone interviews: home is sometimes or either the
students studio or the parents’ home.

3)

Poor precise details of the daily, weekly,
monthly, seasonal presence of the students in
their studios.

.

VII. LESSONS LEARNT
By means of the work with H2 College we have learned a lot of
different things.
First of all we did found out that despite of the
motivation from the tenants to save energy there was a
big different between the tenants there were using
little energy and those that used a lot of energy. The
difference was a factor 10! And the tenants’ understanding
of energy saving is very different from each other. As we can see
in the tenant survey there are many different ways of living and
there for also big different in the energy consumptions.

However the practical way of life of the students differ
which leads to different patterns of consumption:
students might work at home or at the university, they might be
out of the flat at the week end or not, also the individually
desired room temperature differs.
Therefore we decided to find out why there was so big different,
and if it was possible to reduce the tenants energy consumption
through information campaigns and indirectly impact on the
tenant by information and tenants’ survey.
We learned from that survey that approximately 70-80% is
interested in saving energy.

IEE 10/322 / AFTER PROJECT : REPORTING DENMARK

2
4

We have received confirmation that the composition of tenants
in H2 college is not significantly different than in the rest of the
population in Denmark / Europe, where 10-20% are very
interested in saving energy approx. 60-70 percent is generally
interested and the last 10-20% is out of reach and in no way
interested, unfortunately! We call it the 20-60-20 rule! But can we
affect the 80% to use less energy than we are moving in the right
direction.
Another learning from the project is that it works to
measure and visualize the energy consumption for
tenants but however, it can also be an expensive
solution because of the lack of interesting from a part
of the tenants we found out that you have to contact a lot of
the tenants directly by phone or come to their doors to get in
contact with them. Which is a bit complicated and takes a lot of
time – time is money. But the effect of the direct contact is high!
Another important lesson is that it is a good idea to check on the
technical installations function as intended and has been adjusted
properly - even if it is new, it may well be incorrectly installed.
We found one heating coil where the thermostat – which is new –
didn’t work so there was always heat on.
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ESM #2: LYSTRUP
RECENT LOW ENERGY BUILDINGS

I.

IDENTIFICATION OF THE ENERGY SAVING
MEASURE

WORK PACKAGE FOR THE
MEASURE

 RECENT LOW ENERGY BUILDINGS

TYPE OF MEASURE

TOTAL REFURBISHMENT

NAME OF THE MEASURE

GLOBAL RETROFITTING TO LOW-ENERGY BUILDING IN SENIOR
INDIVIDUAL HOUSING

DESCRIPTION OF THE ENERGY
SAVING MEASURE

TECHNICAL
ASPECTS

The Pilot Site include 14 houses for seniors from 1984 that have
been going through a total renovation to upgrade their energy
level to low-energy standards in Denmark.
The AFTER Pilot Site LYSTRUP in Denmark has been refurbished in 2011.
The refurbishment as included additional insulation of the roof,
walls and foundations, new energy performant windows &
frames with additional sun protections, additional photovoltaics
panels, and ventilation system with heat recovery. The buildings
are connected to district heating.
The original building was constructed in 1984 and had a quite
large energy-consumption; approximately 150kWh/M2 for room
heating per year; as well as low comfort, most significant problem was
not being able to sustain adequate room temperature in the coldest
months.

IMPLEMENTATION OF THE
MEASURE

2011
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View of the building and its urban location in Lystrup

II.

IDENTIFICATION OF THE PILOT BUILDING

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

Aarhus municipality

COUNTRY

Denmark

ADDRESS OF THE BUILDING

Number

30-56

Street

Lystrup centervej

City
(+code)

Lystrup / 8520

Climatic
zone

Cfb

INDIVIDUAL/COLLECTIVE

Individual

YEAR OF DELIVERY FOR THE BUILDING

1984

NUMBER OF STORIES

1

NUMBER OF DWELLINGS

14

NUMBER OF INHABITANTS

14-22

ENERGY CARRIER FOR HEATING

District Heating (various energy carriers)

II.2. BUILDING DESCRIPTION
TYPOLOGY

Individual houses

TOTAL HEATED SURFACE

924 m2 (1087 m2 external dimension * factor 0,85)

NUMBER AND SIZE OF
DWELLINGS

ROOMS

SURFACE

NUMBER

4

65 m² (ex_dim 77*0,85)

14

CONSTRUCTIVE TYPOLOGY

 complete solid masonry: composit wall (Brickwork – Areated concrete blocks)

WALLS TYPOLOGY

INSULATION

 Internal thermal insulation

INSULATION
MATERIAL

 Mineral wool

INSULATION
TECHNIC

 Pasted

TIGHTNESS
(MM)

145

EXTERIOR TRIM  cladding: red brick
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CEILLAR, BASEMENT

TYPE OF ROOF, TERRACES

TYPE OF WINDOWS

 Ground
INSULATION
MATERIAL

 Cellular plastics: eps

TIGHTNESS
(MM)

400

 Monopitch truss
INSULATION
MATERIAL

 Mineral wool

TIGHTNESS
(MM)

400

GLAZING

 Double

FRAME

 Aluminium (with additional eps-foam)

U-VALUE

U=1W/m2k

II.3. PREVIOUS REFURBISHMENTS
YEAR OF
IMPLEMENTATI
ON

TYPE OF
REFURBISHMENT

PART OF THE BUILDING
IMPACTED

REFURBISHMENT DESCRIPTION

2011

 Complete refurbishment

Total refurbishment. Everything was Cf II.4 and II.5
modernised, except for walls. New
ventilation and photocoltic panels
ware added. Windows / Doors /
Roof insulation / Heating system /
Ventilation system / Electrical
system / Photovoltic panels

After

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

 District heating
 heat recovering ventilation

DISTRIBUTION

 Individual

PRODUCTION

 Water based district heating substations

EMISSION

 Underfloor heating
 fan coil unit

MONITORING

 Thermostatic valves

REMARKS

District heating supplied, direct injected, shunt and thermostat regulated underfloor heating.
Balanced mechanical ventilation with heating coil supplied by district heating and heat recovery.

HEATING EQUIPMENT #1: UNDERFLOOR HEATING
IDENTIFICATION

BRAND

WAVIN

MODEL Amnis BVTVS-TD® System with heat exchanger with WAVIN Tigris AHC Wireless Floor
Heating Control System.
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TYPE

District heating supplied, direct injected, shunt and thermostat regulated underfloor heating. Divided
into 5 zones.

START-UP DATE

2011

NUMBER (IF IDENTICAL)

14

POWER (KW)

32,4 kW (heat exchanger)

HEATING EQUIPMENT #1: VENTILATION SYSTEM
IDENTIFICATION

BRAND

DANFOSS

MODEL AIR w2® ventilations unit, with AIR DAIL® wireless control panel
TYPE

Balanced mechanical ventilation with heat recovery, by-pass function and a heating coil.

START-UP DATE

2011

NUMBER (IF IDENTICAL)

14

POWER (KW)

For electric motor 154W at 300m3/hour (SEL 848 J/m3)

II.5.2. Domestic Hot Water
ENERGY CARRIER

 District heating

DISTRIBUTION

 Individual

PRODUCTION

 Heat exchanger

DOMESTIC HOT WATER EQUIPMENT #1
IDENTIFICATION

BRAND

WAVIN

MODEL Amnis BVTVS-TD® heat exchanger unit
TYPE

DHW heated via heat exchanger supplied by district heating. Circulations pump.

START-UP DATE

2011

NUMBER (IF IDENTICAL)

14

POWER (KW)

32,3 kW

TANK VOLUME (KW)

<0,5 liter

TANK OPERATING
TEMPERATURE (IN °C)

55°C

II.5.3. Ventilation
DISTRIBUTION

 Individual

TYPE



Heat recovery ventilation
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VENTILATION EQUIPMENT #1
IDENTIFICATION

BRAND

DANFOSS

MODEL AIR w2® ventilations unit, with AIR DAIL® wireless control panel
TYPE

Balanced mechanical ventilation with heat recovery, by-pass function and a heating coil.

START-UP DATE

2011

POWER (KW)

For electric motor 154W at 300m3/hour (SEL 848 J/m3)

NOMINAL FLOW (M3/H)

80-300 Nm3/h

II.5.4. Solar panels
DISTRIBUTION

 Individual

TYPE

 Solar panels (4,2m2)

SOLAR EQUIPMENT #1: SOLAR PANELS
IDENTIFICATION

BRAND

Gaia Solar

PCS

3

SOLAR EQUIPMENT #1: INVERTER
IDENTIFICATION

BRAND

Shüco SB1200

PCS

1

II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM
YEAR

HEATING

1/04/2007 TO
31/03/2008

1/04/2008 TO
31/03/2009

1/04/2009 TO
31/03/2010

REFURBISHMENT

1/07/2012 TO
18/03/2013

in kWh

152 221

145 494

165 935

60 839

Average
40 years:
2906

2242,4

2522,0

2679,2

2397,3

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
SEPARATION BETWEEN THE HEATING COIL OF THE
VENTILATION SYSTEM AND THE UNDERFLOOR HEATING
SYSTEM
PURPOSE FOR IMPLEMENTING THE OPTIMIZATION
SOLUTION
The original building was constructed in 1984 and had
a quite large energy-consumption; approximately
150kWh/M2 for room-heating per year; as well as low
comfort, most significant problem was not being able to sustain
adequate room temperature in the coldest months.
The flat fronted wave heat radiators were probably a
bit under dimensioned from the beginning and as the inlet
temperature of the district heating has decreased since the
construction in 1984, due to energy saving measures performed
by the supplier on the general distribution system and the local
production of district heating, the issue increased over the years.
On the external shell there were many thermal bridges
along the foundation and the window reveals.
These two issues combined with the mix of natural
ventilation and simple mechanical in the bathroom not
being able to keep up with the contamination/moist
from bathing and cooking often resulted in poor
quality of the indoor climate.
Bathrooms were also below recent standards regarding assisted
living technology and were not equipped properly for
elderly/disabled tenants.

However the need for this kind of dwellings in the local
community, 10 km. from Aarhus city, was obvious. The
architectural impression and the quality of the brick building
were considered worthy to preserve so it was decided to
refurbish the dwellings. This gave us the chance to
discover/examine the cost efficiency of
refurbishment/retrofitting opposed to new LEB.
The objective of the retro-commissioning process (RCx)
was to identify some weak points in the energy
consumption of the building in order to improve its
post-refurbishment performance.
The problem raised up by Aarhus is a general lack of
regulation of heating system and ventilation. When the
first is not working the second one doesn't work too.
So tenants complain about thermal discomfort. Through the
intervention suggested there will be a separation
between the heating recovering system and the under
floor heating system and the situation will be better.
The tenants can control the underfloor heating through controlpanels. Caretaker according to tenants request prefixes the
preheating of the ventilation-inlet air.
OBJECTIVE TARGETED
 Improve the energy performance
MEASURMENT FOR THE OBJECTIVE TARGETED
 Quantitative
TYPE OF MEASUREMENT
 Energy
 costs
 satisfaction rate
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III.2. GENERAL DESCRIPTION FOR THE OPTIMIZATION PROCESS
III.2.A. Optimization process #1
DESCRIPTION OF THE ACTION:
The water-borne heating surface in the ventilation
system is connected to the mixing circuit for the lowtemperature under-floor heating. So hot water could
only flow to the heating surface and preheat the inlet
air, if the under-floor heating was on. Even in this case the
situation was not good as the low temperature of the pre-mixed
water for the under floor heating could not supply the heating
coil with enough energy.
Aarhus Municipality staff proposes to separate the supply
for the heating coil from the low-temperature mixing
circuit of the under-floor heating. Supplying “high

temperature” district heating directly to the heating
coil through an already existing control valve,
controlled by the automatic in the ventilation system
measuring inlet air temperature, will enable the
heating coil to function properly.
The control valve for the heating coil of the ventilation
system was already there but unfunctional as it was
placed after the control valve for the under floorheating. The valve now has its own independent connection to
district heating making the control independent (to save energy
at the beginning and at the end of the heating season).

Before optimization. The two “silver” pipes going to the right,
supplying the heating coil in ventilation-system is connected to
same manifold (mixing circuit) used for low temperature under
floor heating. The principle of ventilation, displacement, requires
rather high air-inlet temperatures which could not be achieved.
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After optimization, the two “silver” pipes has been connected directly to district-heating.

The picture shows the new manifold with independent supply for
under floor heating and ventilation heating coil.
In order to assess the effects of optimizations the meter-setup
was changed. There was added meters in each dwelling for
consumption regarding production of HDW. 1 electronic for
district-heating and 1 mechanical for water-consumption.

HWAC before addition of meters
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The separation has lowered the discomfort from cold
(not preheated) air being blown in. Some tenants still
experience some problems with draft even though the inlet air is
now preheated a 5-6 degrees above room-temperature. The
systems are functioning correct now after the optimization, that
is the systems are optimized to function at their best.
Ventilation by displacement should be chosen with
great care in buildings for housings, especially
housings for elderly/disabled with low physical activity
level and the need for high in-door room temperatures
because the principle itself imposes problems with
draft.
This optimization has probably not gained energy
savings, if any they are quite small and cannot be
exclusively identified in the metering data. The social
aspects are quite good as the tenants experience a
better satisfaction; less draft from ventilation.
In terms of financial performance this optimization was free
of cost as the division of the 2 heating systems, the under floor
and the heating coil in ventilation was done within the complaint
period by the original contractors.

HWAC after additional meters is installed

SYSTEM IMPACTED
HEATING SYSTEM AND VENTILATION SYSTEM
Tenants experience difficulties operating under floor heating
thermostats
Personal assistance from the caretaker to set individually desired
in-door room temperatures. In this process it will be interesting
to see if the “on-period” of the under-floor heating is shortened
in the coming heating seasons
Added meter for district-heating used for production of heat

Added meter for domestic water used for production DHW
PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

þ NO

DESCRIPTION

No. Single operation on these equipment.

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETERS
MEASUREMENT

Heating energy consumption (kWh), and its cost (EUR)
Heating degree days (°C) ,
Reference values for indoor temperatures and humidity (if possible).

TIME RANGE
BETWEEN
MEASUREMENTS

Entire year (December 2012- December 2013)
The timing of data updates is: ”every 2 weeks” from the 1st April 2013
Optimization performed March 2013
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MARCH
. 14

SEPT.
13

APRIL.
13

MARCH
. 13

JAN. 13

DEC.
12

NOV.
12

SEPT.
12

JULY.
12

MAY.
12

2010

IV. PLANNING

End of the refurbishment in LYSTRUP
st

Implementation of the 1 Tenant survey about
satisfaction
Implementation of the retrocommissioning
approach on Pilot Site identifying the problem
between underfloor heating and ventilation
Final version of the RCx-document. With
conclusions regarding the technical solution to
the problem / the optimization.
Negotiations with contracters and engineers
regarding the technical solution. Establishing
separate control-valve for the heating surface
in the ventilation-system, thereby dividing it
from the under floor-heating
Submeters added for the metering of M3 of
domestic hot water and the kWh of district
heating used to heat it up. Thereby being able
to separate energy for DHW from the energy
for room-heating.s
Implementation of the optimization solution:
extra control-valve is added and the heatingsurface in the ventilation-system can pre-heat
the inlet air without the under-floor heating
being turned on
All DHW-exchangers set for 55 – 58 Co –
Ventilation inlet temperatures set for minimum
23,5Co
Tenants survey. Focusing on the problem with
draft from the ventilation .Caretaker helping
every tenant make individual ”standard”
programs. Individual adjustments will be made
Begining of the new heating season with the
correct adjustments of the thermostats.
Second tenants survey. Focusing on the
problem with draft from the ventilation.
Before the heating season all ventilation inlettemperatures (The heating surface) will be
checked and corrected if necessary (Normal
set temp. 23,5Co)
Monitoring Phase regarding the parameters.

V.

BUDGET

INITIAL INVESTMENT
COSTS FOR THE ENERGY
SAVING MEASURE

2 984 390 EUR

INITIAL INVESTMENT
COSTS FOR THE
OPTIMIZATION ESM

SEPARATION
BETWEEN THE
HEATING COIL OF
THE VENTILATION
SYSTEM AND THE
UNDERFLOOR
HEATING SYSTEM

Technical costs No technical cost as this was corrected, within the
for intervention complaint period by the contracter who was
responsible.
Staff costs for Yearly cost approx.. 800 eur
monitoring
phase Staff cost for action 1: approx. 2000,- euro (equals 3740 hours) including rcx
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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

April

YEAR

2007

MONTH

March

YEAR

2010

TYPE OF ENERGY District heating
TIME RANGE
BETWEEN THE
MEASUREMENT

monthly

UNITY

KWh

LEGAL
21-23°C
TEMPERATURE
IN THE BUILDING

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

START

END

ALL BASELINE ENERGY DATA

Day

1

Month

March

Year

2013

Day

1

Month

March

Year

2014

TYPE OF ENERGY HEATING AND HOT WATER
TIME RANGE
BETWEEN THE
MEASUREMENT

Monthly

UNITY

kWh

LEGAL
21-23°C
TEMPERATURE
IN THE BUILDING
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VI.2. Synthesis of the results collected
Yearly energy consumption (kwh/sm/year) electricity and water

Table 1. Yearly energy consumption (kWh/sm/year) electricity and water

The above bar chart represents the yearly energy
consumption and the normalized yearly energy
consumption (kWh/sm/year) before/after the
implementation of the ESM and after the optimization of the
ESM. The implementation of the ESM was done in 2011.

The graph reports the electricity consumption
(kWh/sm/year) and the water consumption (cm). The
consumption in cubic meters of the total water consumed has
not been normalized because it is considered that the
consumption of water is not strictly connected with the outside
climatic conditions.
The energy consumptions before and after the implementation
of the ESM are recorded in the following table

Table 2: Energy consumption data

The comparison between the corresponding HDD and
the average HHD (collected for thirty nine years: from
1941 to 1980) shows that the last five winter seasons
collected (from 2007/08 to 2013/14) have been warmer
than the past years.
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Monthly data: energy consumption and normalized energy consumption (kwh)

Graph 3 - Monthly data: energy consumption and normalized energy consumption (kWh)

th

The monitoring period started on 18 March 2013 and
th
ended on 30 March 2014.
The monthly data of the monitoring period refer to different
weeks with respect to the equivalent month in the conventional
calendar. E.g.: the first month of the monitoring period started
th
on the 18th of March and ended on the 7 of May; the second
th
st
month started on the 7 of May and ended on the 31 of May,
and so on. This means that HDD and average of HDD are
referred to calendar months whereas consumption is not referred
to the very same weeks.
The comparison between HDD and the average HDD from 1941
to 1980 shows that March, May, June and September 2013 were
colder than the average of the same months of the previous
years. The second part of the monitoring period was warmer
than the corresponding period of the past years. The peak of the
th
consumption was reached in the coldest period: from 16 of
st
December to the 31 of January.
Because of the lack of Monthly data regarding previous years the
only analysis possible was related to heating consumption during
monitoring period and external climate condition for that same
period compared to HDD average according to the methodology
approved.

The figure above represents percentage of the heating
consumption and domestic hot water reduction
comparison with the year before of the implementation
of the optimization solution.

Normalization bars show that after optimization of ESM, heating
consumption increased around 33 percent respect to year
before. This negative result finds explication because, as
describe in previous chapter, the year July2012-March1013
covered less number of months (three) indeed heating
consumption was necessarily lowest than energy consumption in
monitoring period.
In order to estimate the percentage of energy saved
after the implementation of the optimization solution
we decided to compare heating consumption in
monitoring period with the three baseline years. The
outcomes are reported below.

The above graph shows percentage of energy saved
comparison three years before implementation of ESM
with monitoring period (2013/14): it turns out that
energy consumption has highly decreased: from 41%
up to 48%. Energy saved is mainly referable to the
implementation of the ESM rather than to its optimization.
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Monthly data: costs for energy consumption

Graph 4 - Monthly data: costs for energy consumption

Likewise the energy consumption, also the energy costs depend
from the outside climatic conditions. In fact, not only the room
heating but also the electricity consumption increased during the
colder months.

Yearly comparison: saving energy consumption

Graph 5 - Yearly comparison: energy savings

Comparing the consumption data in the years of baseline period
before the implementation of the ESM (2007/08, 2008/09,
2009/10) with the consumption data of the monitoring year
(2013/14), it turns out that energy consumption has
decreased (from 41% up to 48%), as well as electricity
consumption (from 32% up to 38%).

Comparing the year before the implementation of the
ESM (2012/13) with the year after the optimization of
the ESM (2013/14) we can assess that there is not any
reduction of the energy consumption, neither for
electricity nor for room heating + DHW.
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This is due to the fact that the reduction of the energy
consumption is mainly referable to the implementation of the
ESM rather than to its optimization.

The table 1 shows that the actual HDD for 2013/14
were higher than HDD for the year before. This fact
can explain why, in spite of the ESM optimization, the
consumption didn’t decrease.

Yearly comparison: saving energy costs

Graph 6- Yearly comparison: energy bill savings

The considerations made for the Graph are also valid
for the Graph .
There is a reduction of the costs for energy consumption (from
41% up to 48%) and for electricity costs (from 32% up to 38%)
due to the implementation of the ESM.

The energy costs before and after the implementation of the
ESM are recorded in the following table

Graph 7- Comparison of energy costs

It is interesting to compare two seasons with similar weather
conditions: 2008/09 (before the ESM) and 2013/14 (after the
ESM implementation). Although the two winter seasons were
quite alike, there is a difference of 18.4 HDD; the costs for
energy were significantly reduced by 35 percent in 2013/14.
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After comparison between two years: before
implementation of ESM (2008/09) and monitoring year
(2013/14) we can estimate normalized heating
consumptions after optimization was 42 percent
lowered than considered year.
Costs did not decrease with the same trend, but around 35%,
because energy price relentlessly rises. During 2008/09 energy
price was attested at 70,43 EUR/MWh, in first Months of period
2013/2014 it started from 77,66 EUR /MWh whereas in last
Months of monitoring period energy has been attested at 78,00
EUR /MWh.

Evaluation of costs of investments
The implementation of the ESM cost 2.984.390,00 €.
There were no technical costs related to the first optimization of
the ESM, because it was done for free by the original contractor
in the framework of the guarantee period.
The staff costs related to the optimization solution
were 800,00 € and 2.000,00 €.
The following graph shows the yearly costs for the energy
consumption. In conformity with the evidence related to energy

consumption, there is a significant reduction of energy costs
after the implementation of the ESM.
We can’t assess the payback of the investment for the
ESM, but we can say that after the implementation of
the ESM the building reaches a moderate,normalized
energy consumption: from 80 up to 106 kWh/sm/year
(as it is shows in Error! Reference source not found.). This
rend should help the SHO to save money and to reduce its
carbon leakage.

Graph 8- Yearly costs for energy consumption

VII. TENANTS COMFORT AND SATISFACTION

The tenants of Lystrup are tenants of 65 years and older, singles
or couples living in 14 row recently refurbished low energy
housings. They had been interviewed three times. The first
interview took place at the occasion of the retro commissioning

in May 2012. The following questions had been asked and
answered.
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1.

None of the interviewed tenants could answer; but all
said it was too much. (Even though the bill is very low.)
2.

(Note: Many elderly people are physically inactive and
therefore demands a higher comfort temperature the
younger people)

Do you have and use an air conditioner in your
apartment?

Have you noticed any condensation
phenomenon on windows? On the walls? On
both?

The ventilation system cannot be completely shut off
by tenants so basic ventilation is guaranteed. No
condensation problems at all.
8.

Are you in the habit of opening the windows at
least once a day to let the air change and to
prevent the formation of mold and
condensation?

All dwellings have a glass door from the living room to
the garden, they often open it. But prevention of mold
and condensation is primarily taken care of by the
ventilation system.
9.

During the summer is the temperature
comfortable in all of your apartment rooms,
even in the hottest days?

On the hottest days in the summer some experienced
overheating in the living room/kitchen area. They could
prevent it to some degree by having the door to the
garden fully open.
4.

7.

Is the heat generated by your heating system
enough to warm all of your apartment rooms in
winter?

Of course, the system is designed and dimensioned for
the actual heat loss of the building. Some complaints
about draft from ventilation air inlets. This was due to
the inlet air not being preheated properly, actually this
proper preheating was part of the optimization. The
room temperature measured during occasional
samples varies from 22 to 25 degrees Celsius in
different dwellings.

3.

difficult to use. Both uses modern touch-control and
find that confusing because they cannot immediately
read the function set by looking at a control knob.

How much money do you spend for heating in
winter season?

Do you have air filtration systems for blind
bathrooms?

Also automatic function in ventilation system – reads
moisture level in bathroom.
10.

Do you have a ventilation fan in the kitchen?

All dwellings are equipped with hoods in the kitchen.
The hood is not part of the ventilation system so no
heat recovery from using the hood when cooking.

No one uses air conditioners, one tenant uses an air
cleaner but that is due to his smoking and to create a
proper work environment for the care-workers. They
are not allowed to work in a contaminated indoor
climate.
5.

Do you usually set two different modes (day
and night) for the heating system in your
apartment?

The ventilation system does this by itself. The heating
system is always checking the outdoor temperature
and adjusting the temperature of the water flow in the
heating surfaces by mixing inlet with return flow
accordingly.
6.

What are the general conditions of your
accommodation?

In general the tenants are very satisfied with the
accommodation, a few of them lived there before the
refurbishment and are extremely satisfied. Some find
the kitchen to be too extravagant because they don’t
make their own food but gets it delivered. Those who
use the kitchen finds that the stove and hood to be too
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VIII. LESSONS LEARNT
Separation of the heating coil in the ventilation system
from the under floor heating and the assistance to
tenants, helping the set thermostats for under floor
heating are two solutions chosen by the SHO in order
to improve the indoor comfort conditions of the
dwellings. After the optimization, most of the issues related to
cold air blow from the ventilation grids was reduced thanks to
the proper preheating of inlet air in the mechanical ventilation.
This optimization is a low cost action because it
consists in an adjustment of the ventilation system. This
operation is easy, cheap and with a high rate of
transferability. This simple regulation allows a better
comfort in the dwellings and a higher satisfaction level
of the tenants.

needs to well control things. User friendliness and intuitive
use are the keyword. Also we see the need for a simple common
system that can integrate all HVAC-installation controls within
each apartment.
This optimisation solution has interesting effects on
social, energy and economic aspects. Indeed, indoor
hygrometric conditions have a profound impact on the
health and comfort of house occupants as well energy
consumption of the household.
This optimization solution is a low cost action that other SHOs
may replicate in order to improve the life quality of people living
in their social housing stock.

The second optimization solution was the assistance
and training of the tenants by the caretaker, with the
aim of helping them to better understand the use of
the wi-fi thermostat.
This is a social (rather than technical) optimisation, which
produces some effects related to energy consumption and
energy costs. It is important for tenants to have the possibility to
autonomously set the indoor temperature of the dwellings they
live in. Many research evidences show that a key role to
further reduce energy needs in single apartments is the
usage pattern: if the room temperature is set to the
inhabitants’ actual needs, savings up to 20 percent can
be achieved whilst in power-save mode.
If systems (like heating) are run automatically then programming
must be in focus. Tenants’ requests regarding indoor climate and
general comfort should be listened to very attentively. Tenants
need assistance in operating the automatically controlled heating
system, i.e. help them to set and program the automatics. It has
to be integrated in the workflow to alter settings occasionally.
The close observation of what is usually the « tenants’ controls »
also shows errors in construction, dysfunctional parts etc and
helps to identify those with the opportunity to make use of
warranties.
When communicating with elderly tenants the focus
should be on the personal contact via well known staff
(like the caretaker); if their opinion is needed it is preferable ‘
face to face’ interviews instead of written questionnaires and
surveys. If contact is established the personal has to be prepared
to deal with items which are not on the agenda (such as energy)
but deal with all sorts of daily life issues in these dwellings. The
tenants want the chance to discuss these issues, too. Elderly
tenants often prioritize comfort over energy savings. In
general the tenants involved perceived energy savings
as a lowering of their comfort. Manufacturers of
control panels for HVAC need to be aware of tenants’
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ESM #3: MAARSLET
RECENT LOW ENERGY BUILDING

I.

IDENTIFICATION OF THE ENERGY SAVING
MEASURE

WORK PACKAGE FOR THE
MEASURE



RECENT LOW-ENERGY BUILDING

TYPE OF MEASURE

NEW LOW-ENERGY CONSTRUCTIONS

NAME OF THE MEASURE

TERRACED LOW-ENERGY HOUSING FOR ELDERLY PEOPLE (DANISH
ENERGY CLASS 2A)

DESCRIPTION OF THE ENERGY
SAVING MEASURE

MANAGEMENT
ASPECTS

8 dwellings for the elderly people.
These buildings replaced 8 other dwellings from 1978 that was not up
to todays standards and had low arcitectural value.
The new buildings respects the Energy class A2 in Denmark.
Energy - design criteria:
71 kWh/M2 pr. year (roomheating 49,4 kWh/M2 + 21,6 kWh/M2
because of legal demand for "high ventilation level").
The same area holds a local health clinic & activity centre, nursing home
with 24 units for special care, and 25 other dwellings, with same kind of
tenants as those 8 dwellings involved in project AFTER but build in
1996.

BEFORE

AFTER
All installations for each dwelling are placed in a closet in the hallway.
From top down you see:
Ventilation-unit, the white box on the right, left to it the control unit.
The wood-plate holds, control-unit for floor heating, metering for
electricity and solar-production, normal household fuses, safety relays
etc. On the back, to the left (not seen) are installations for safety calls
for nursing staff, TV-signals and broadband.
IMPLEMENTATION OF THE
MEASURE

2011
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II.

IDENTIFICATION OF THE PILOT BUILDING

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

Aarhus kommune

COUNTRY

Denmark

ADDRESS OF THE BUILDING

NUMBER

9a-h

STREET

Langballevej

CITY
(+CODE)

Maarslet (8320)

CLIMATIC
ZONE

Cfb

INDIVIDUAL/COLLECTIVE

þ Individual

YEAR OF DELIVERY FOR THE BUILDING

2011

NUMBER OF STORIES

1

NUMBER OF DWELLINGS

8

NUMBER OF INHABITANTS

8 to 16

ENERGY CARRIER FOR HEATING

Cf. Building equipment description

II.2. BUILDING DESCRIPTION
TYPOLOGY

Individual housing

CONDITIONNED FLOOR AREA

571

NUMBER AND SIZE OF
DWELLINGS

ROOMS

SURFACE

NUMBER

3

65 (usable floor area)

5

CONSTRUCTIVE TYPOLOGY

 Complete solid masonry: precast concrete building

WALLS TYPOLOGY

INSULATION

 Internal thermal insulation

INSULATION MATERIAL  Cellular plastics: EPS
Aerated concrete panels 100mm Insulation/steel structure 245mm Breather paper 4mm –
Steel structure
25mm - fibre cement board 6mm
TIGHTNESS (CM)

24,5

EXTERIOR TRIM

 Cladding: red brick

U-VALUE

0,18 W/m2k
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BASE SLAB TYPOLOGY

TYPE OF ROOF, TERRACES

INSULATION

100mm concrete
330mm polystyrene

U-VALUE

0,11 W/m²K

INSULATION

 Flat roof

INSULATION MATERIAL Insulation 250mm –
Insulation/bottom chord 150mm –
Damp-proof membrane - insulation/batten 45mm
Plasterboard ceiling on spread lining boards
TIGHTNESS (CM)

44,5

REMARK

25 degree saddle grid trussed construction covered with black tiles.

BLOWER DOOR TEST

VALUE

N50-VALUE: 1,22 l/s/m²

TYPE OF WINDOWS

GLAZZING

 Triple argon

FRAME

 Aluminium
 wood

U-VALUE

U-VALUE WINDOW (UW)
1,2 w/m2k
U-VALUE GLAZING UG
0,80 w/m2k average
G-VALUE
0,51 average

II.3. PREVIOUS REFURBISHMENTS
YEAR OF
IMPLEMENTATION

TYPE OF REFURBISHMENT PART OF THE BUILDING
IMPACTED

REFURBISHMENT DESCRIPTION

New building : no recent refurbishment

II.5. BUILDING EQUIPMENT
II.5.1. Heating
ENERGY CARRIER

 District heating

DISTRIBUTION

 Individual

PRODUCTION

 Supplied directly from the district heating network. Divided into 4 zones

EMISSION

 Underfloor heating

MONITORING

 Thermostat-controlled
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HEATING EQUIPMENT #1: CONTROL SYSTEM
IDENTIFICATION

DANFOSS® CF2 SYSTEM WIRELESS FLOOR HEATING CONTROL SYSTEM, DANFOSS® TWA
ACTUATOR

TYPE

 Floor heating control system

START-UP DATE

2011

DESCRIPTION

Principle of the under floor heating system.
AB-PM: Pressure differential controller withflow limitation
Adapter: Impulse tube connection piece
CF2+: (Programmable) room controller
CF-MC: Master controller CF2

The 4 white knobs in the front are actuators on the manifold for dividing under floor heating to different
zones of the apartments.

II.5.2. Domestic Hot Water
ENERGY CARRIER

 District heating
 Sun

DISTRIBUTION

 Individual

PRODUCTION

 Heat exchanger
 photovoltaic panels placed on roof above individual dwelling units with individual converter.

HEATING EQUIPMENT #1: HEAT EXCHANGER
IDENTIFICATION

GEMINA TERMIX heat exchanger
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HEATING EQUIPMENT #1: SOLAR PANEL
IDENTIFICATION

SCHÜCO® CONVERTER

SUPERFICY

5,6m2/HOUSE

PEAK POWER (KW)

0,154 kw/m2

II.5.3. Ventilation
ENERGY

 Electric fan-motor. Heating coil supplied by district heated.

DISTRIBUTION

 Decentralized balanced mechanical ventilation (deplacement) with heat recovery, by-pass and district
bearing heater

TYPE

 Mechanically controlled with heat recovery

VENTILATION EQUIPMENT #1:
IDENTIFICATION VENTILATION
UNIT

NILAN Comfort 250

IDENTIFICATION CONTROL
UNIT FOR AIR HANDLING UNITS

NILAN CTS602

START-UP DATE

2011

MVHR HEAT RECOVERY
EFFICIENCY

92%

MVHR ELECTRICAL EFFICIENCY

Max: 1,05 [kj/m3] = 0,291 [Wh/m3]

MAXIMUM SOUND FROM MVHR
UNIT

30db

II.5. BUILDING CONSUMPTIONS BEFORE AND AFTER ESM
YEAR

HEATING

in kWh

2007
(1/03/07 to
29/02/08)

2008
(1/005/08 to
28/02/09)

97 421

93 947

2425

2743

REFURBISHMENT

2011
(1/12/11 to
15/05/12)
331 960

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
CHANGING OF VALVE SETUP FOR HEAT-EXCHANGER FOR
HDW-PRODUCTION AND EQUALIZATION OF HDWTEMPERATURES.
PURPOSE FOR IMPLEMENTING THE OPTIMIZATION
SOLUTION
The original 8 housing were owned and financed by the
municipality. By law, there were no direct correlation
allowed between rent and actual cost of management;
the tenants however always paid the energyconsumption. The maintenance cost for the old buildings were
not high but the energy bills were. After a renovation or new
construction these dwellings become “real socialhousings” in legal terms. This allows a higher rent then in
the old buildings. This is because the rent in a social housing in
Denmark consists of repayment of loan for investment, daily
management & operations, savings for future
maintenance/system replacement, and of cause energy
consumption.
The Domestic Hot Water is a new stake in the low
energy buildings as it represents an higher percentage
of the global energy consumption for the building. As a
consequence, improving Domestic Hot Water consumptions and
systems in the low energy buildings as Maarslet is an interesting

intervention to continue to improve the energy performance of
already performing buildings.
The objective of the retro-commissioning process (RCx)
was to identify some weak points in the energy
consumption of the building in order to improve the
existing performance of these low-energy individual
housing.
The problem raised up by Aarhus In Maarslet is that exchanger
for Domestic Hot Water preparation is – for example - setup for
"Comfort". This type of system keeps the heat exchanger for hot
water idle - meaning always ”hot” and ready for production of
HDW. The cost for this is a constant small flow of district heating
and significant energy consumption.
The social stake is important, as the Social Housing Organization
will impact the comfort of the tenants regarding their
consumption of Domestic Hot Water. Tenants can experience a
slightly longer waiting time for hot water. Complaints about
inadequate too high/low HDW-temperature will be met.
OBJECTIVE TARGETED
 Improve the energy performance
 Guaranteeing the tenants comfort and eco-empowerment
MEASURMENT FOR THE OBJECTIVE TARGETED
 Quantitative
 qualitative
TYPE OF MEASUREMENT
 Energy
 costs
 satisfaction rate

IEE 10/322 / AFTER PROJECT : REPORTING DENMARK

5
0

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

of a new valve replacing the “comfort” valve for heat-savings/no
idle causing slightly longer waiting time for hot water.

Production of domestic hot water is done by heatexchanger (one heat exchanger/dwelling), there is no
tank as the system is directly connected to the districtheating supply network.

In dwellings with decentralized HDW-production the
pipes leading to the taps in the kitchen and the
bathroom are often not that long and of course within
the external shell of the building. This makes it possible to
produce HDW when it is needed without significantly longer
waiting time for the hot water.
In most cases the adjustment of valve-setups can be made with
no cost except for staff costs. That means the economic
performance is quite good.
The optimisation showed an important side effect:
When doing the adjustments we also found quite a few
dysfunctional parts in the HDW-production systems.
The original contractor exchanged these within the
warranty period.
However if the caretaker would not have looked closely at the
HDW-production these errors could have remained unseen for
quite a long time.
In 3 apartments the valve controlling the flow to the heatexchanger did not react properly because of foreign objects in
the pipe-system from construction. This caused longer then
needed waiting time for hot water.
After optimization a lower consumption of district heating and a
slightly higher consumption of domestic water were expected.
The metering seems to support this thesis but the savings of the
district heating together with increase in domestic water are
quite small.

The arrangement of valves you see in the front controls
the temperature of the HDW and the flow of district
heating water through the exchanger. When you use
HDW at a tap the pressure falls and the heater starts to produce.
At the time of the RCx this control-system was found to be
adjusted quite casually. Different HDW temperatures, different
flow in exchanger, even faulty valves due to dirt/foreign parts in
the pipes.

Encapsulated in black EPS you see the heat-exchanger GEMINA
TERMIX for HDW-production.

The control-valve setup was adjusted for “comfort” meaning always ”hot” and ready for production of
HDW. Domestic Hot Water heat exchanger was
designed to keep warm all the time. This enables DHW
to be hot all time only with a small delay in
temperature increase when the tenant requires DHW.
The cost for this is a constant small flow of district heating. The
exchanger ran idle for fast production.

Heat-exchanger for HDW-production inside black foam box. TPVvalve with dirt-filter seen in front.

The Social Housing Organization prefers the heat
exchanger to be cold until the tenant (thereby saving
energy in the meantime but using more water due to
the delay in temperature increase requires Domestic
Hot Water The setup were readjusted with the implementation
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SYSTEM IMPACTED
DOMESTIC HOT WATER SYSTEM

Water-consumption is not possible to divide on months.

Manual metering in total regards: heat, electricity, solar
production and water consumption and will be performed in
March 2013 and March 2014.

Tenants experiencing difficulties operating floorheating thermostats. The caretaker helps every tenant make
individual ”standard” programs. In the start of heating season
caretaker will confirm these settings.
Tenants actually gain control of their own indoor-climate by
letting the caretaker change the control by their demands.
Complaints about inadequate too high/low room-temperature
wil be met.
The focusing on thermostat-controls and the on-going
adjustments by caretaker has no direct technical cost. However
these dwellings only pay for a certain amount of caretaker time;
this means adjusting what is usually tenants control is not
covered by this normal caretaker-cost
Dysfunctional parts found in RCx were replaced with
no technical cost as this was corrected, within the
warranty (complaint) period by the contractor who was
responsible.
The target group- elderly people, with long home stay periods
explicitly ask for room temperatures up to 22-24 °C.

PROCEDURES AND
MANAGEMENT ROUTINES
IMPACTED BY THE ACTION

IDENTIFICATION

 YES

DESCRIPTION

Single operation on HDW-system; idle changed to “produce when
used” all exchangers set for HDW temperature of 55o C

PARAMETERS MEASUREMENT

IPMVP OPTION

C - WHOLE FACILITY

PARAMETERS
MEASUREMENT

.Heating energy consumption (kWh), and its cost (€)
Heating degree days (°C) ,
Reference values for indoor temperatures and humidity (if possible).

TIME RANGE

Monthly
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MARCH
. 14

SEPT.
13

MARCH
13

NOV.
12

JULY.
12

MAY.
12

2011

IV. PLANNING

New low-energy buildings in MAARSLET
First tenant survey including a satisfaction
analysis of the existing situation in the
dwellings.
Implementation of the retrocommissioning
approach on Pilot Site identifying the problem
between underfloor heating and ventilation
Final version of the RCx-document. With
conclusions regarding the technical solution to
the problem / the optimization.
Negotiations with contracters and engineers
regarding the technical solution.
Implementation of the optimization solution:
change of the comfort valve in the domestic
hot water system
Beginning of the monitoring period
Immediate tenants analysis after the
implementation of the optimization solution in
order to check that the expected comfort
level regarding domestic hot water is still
relevant.
Begining of the new heating season with the
correct adjustments of the thermostats.
Second tenants survey. Focusing on the
problem with draft from the ventilation.
End of the reporting period
Tenants survey in order to assess the
satisfaction of the tenants regarding the
optimization of the DHW system

V.

BUDGET

INITIAL INVESTMENT
COSTS FOR THE ESM

1 803 916 EUR

INITIAL INVESTMENT
COSTS FOR THE
OPTIMIZATION ESM

CHANGING OF
VALVE SETUP FOR
HEAT-EXCHANGER
FOR HDWPRODUCTION AND
EQUALIZATION OF
HDWTEMPERATURES.

Technical costs No technical cost related to de-functionary
for intervention parts as these were corrected, within the
complaint period by the contractor who was
responsible.
Staff costs Staff cost for monitoring phase (change valve
and evolution of dhw consumptions): yearly
cost approx. 400 eur
Staff cost for monitoring phase (new
tehrmostats settings with the help of
caretaker):
yearly cost approx. 400,- euro
Staff cost for action 1 (adjustments to the
valve-setup and equalization of hdw temp. :
approx. 1000,- euro (equals 16-20 hours)
Staff cost for action 2: (adjustment to
thermostats on tenants demand) approx. 2000
eur (equals 37-40 hours)
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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

December

YEAR

2011

MONTH

February

YEAR

2013

TYPE OF ENERGY Heating and domestic hot water
TIME RANGE
BETWEEN THE
MEASUREMENT

Monthly

UNITY

Kwh

LEGAL
22-24°c
TEMPERATURE
IN THE BUILDING

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

START

END

ALL BASELINE ENERGY DATA

Day

4

Month

March

Year

2013

Day

28

Month

February

Year

2014

TYPE OF ENERGY Heating and domestic hot water
TIME RANGE
BETWEEN THE
MEASUREMENT

Monthly

UNITY

Kwh

LEGAL
22-24°c
TEMPERATURE
IN THE BUILDING
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VI.3. Synthesis of the results
Single analysis of DHW consumption and heating energy
consumption (measured and normalized) is not possible, as

heating energy and DHW consumption were not measured
separately.

Comparison of the baseline data (before optimization) for the old demolished
building and the newly built low energy building
Based on the data available, figures per m² and year could not be
determined for the baseline data before optimisation.

In the periods March 2007 to February 2008 and March
2008 to February 2009 the energy consumption for heating
and DHW in the old demolished building accounted for 97.5
resp. 94.0 MWh/a (see). Related to a net floor area (the gross
floor area of the demolished building accounted for 573 m².) of
530 m², the average consumption for these two years
summed up to 180.5 kWh/(m²a) or 0.49 kWh/(m²d).

1 march 2007 29 february 2008

1 march 2008 28 february 2009

Total:
1 march 2007 – 28
february 2009

Consumption [kwh]

97 421

93 947

191 368

Consumption per m² and year [kwh/(m²a)]

183.8

177.3

180.5

0.50
(366 days)

0.49
(365 days)

0.49
(731 days)

Corresponding heating degree days [kd]

2425

2743

5169

Hdd 40 season average [kd]

2906

2906

5812

Relation hdd / hdd 40 season average

0.83

0.94

0.89

“Old demolished building”
Heating + dhw

Consumption per m² and day
[kwh/(m²d)]

Table 1 - “Old demolished building”, consumption for heating + DHW

For the new construction baseline data before the
optimization from 1 December 2011 to 4 March 2013
are available. Heating and DHW consumption in this period
summed up to 72.8 MWh (see * Heating degree days refer to the
period 1 December 2011 to 28 February 2013

Baseline period (before optimisation)
“new leb” heating + dhw
Consumption [kwh]
Consumption per m² and day
[kwh/(m²d)]

Table ). Related to a net floor area (the gross floor area
of the new low energy building (“new LEB”) accounts
for 571 m².) of 520 m², the average consumption for
this period accounted for 0.31 kWh/(m²d).

1 december 2011 15 may 2012

15 may 2012 4 march 2013

Total:
1 december 2011 –
4 march 2013

33 650

33 190

72 840

0.39
(166 days)

0.26
(293 days)

0.31
(459 days)

Corresponding heating degree days [kd]

4270*

Hdd 40 season average [kd]

4366*

Relation hdd / hdd 40 season average

0.98*

* Heating degree days refer to the period 1 December 2011 to 28 February 2013

Table 2: Baseline period (before optimisation), “New LEB”, consumption for heating + DHW
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The unadjusted consumption data for the new building is
significantly lower than for the demolished one, but the
influences of weather, user behaviour, design/construction etc.
could not be separated at this point

Comparison of baseline (before optimisation) and monitoring data (after
optimisation)
In the reporting period (after optimisation) from 4
March 2013 to 28 February 2014 the heating and DHW
consumption accounted for 45.8 MWh, approx. 89.1
kWh/(m²a) resp. 0.24 kWh/(m²d).

Reporting period (after optimisation) “new leb”
heating + dhw

4 march 2013 28 february 2014

Consumption [kwh]

45 813

Consumption per m² and year (converted from
361 to 365 days) [kwh/(m²a)]

~89.1

Consumption per m² and day
[kwh/(m²d)]

0.24
(361 days)

Corresponding heating degree days [kd]

2743*

Hdd 40 season average [kd]

2906*

Relation hdd / hdd 40 season average

0.94*

* Heating degree days refer to the period 1 March 2013 to 28 February 2014

Table 3: Reporting period (after optimisation) “New LEB”, consumption for heating + DHW

As can be seen from Table 2 and Table 3 the average
consumption in the reporting period (after the
optimisation) was considerably lower than in total
baseline period (before optimisation). Likewise, the
relation between actual HDD and average HDD was lower in the
reporting period than in the baseline period (climate was warmer
in the reporting period), but not to the same extent as the
consumption decreased.

The data, however, cannot directly be compared because apart
from the fact that the consumption data refer to different length
of time – one containing more month of heating than the other
and therefore delivering a higher daily average value – a weather
normalisation is not achievable.
Therefore, on the basis of the data available a statement on
how much energy might have been saved through the
optimisation is not possible.

Domestic water consumption
To check if domestic water consumption increased
after the optimisation measure, also domestic water
consumption was monitored.
Water consumption is not directly related to outside climate
conditions, a normalisation via HDD is not required.
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1 may 2007 –
30 april 2008

Baseline "old demolished building" water
Consumption [m³]

285

317

602.0

0.0016
(365 days)

0.0016
(731 days)

1 dec. 2011 –
15 may 2012

15 may 2012 –
4 march 2013

Total:
1 dec. 2011 –
4 march 2013

102.1

184.6

286.7

0.0012
(166 days)

0.0012
(293 days)

0.0012
(459 days)

Consumption [m³]
Consumption per m² and day [m³/(m²d)]

Reporting period (after optimisation) "new leb"
water

Total:
1 may 2007 – 30 april
2009

0.0015
(366 days)

Consumption per m² and day [m³/(m²d)]

Baseline period (before optimisation)
"new leb" water

1 may 2008 – 30 april
2009

4 march 2013 28 february 2014

Consumption [m³]
Consumption per m² and day [m³/(m²d)]

279.6
0.0015
(361 days)

Table 4: “Old demolished building” & “New LEB”, consumption for domestic water

As shown in Table 4, consumption per day during the
baseline period in the new LEB was approx. 23 % lower
than in the old demolished building.

This might be due to different tenants and their behaviour
and/or new, more efficient technical equipment. In the reporting
period the water consumption lay approx. 24 % higher than in
the baseline period, but is equal to the first reported period of
the old demolished buildings.

Normlized energy costs analysis
Table 5 show costs related to the ESM and optimisation
measures as well as the energy price for district heating for the
different time spans reported.

Costs for the whole building investment
Staff costs for changing the valve set up
Staff costs for adjustments of indoor temperatures
Staff costs for monitoring

Approx. 1 808 500 euro incl. Tax
1 000 euro (16 to 20 hours)
2000 euro (37 to 40 working hours)
400 euro

Table 5: Costs related to the ESM and optimisation measures

Staff costs for the implementation of optimisation
measures and monitoring sum up to 3 400 Euro. As a
comparison: energy costs during the reporting period
after optimisation from 4 March 2013 to 28 February
2014 accounted for 3 573 Euro.

.
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VII. TENANTS COMFORT AND SATISFACTION
The tenants of Maarslet are tenants of 65 years and older, singles
or couples living in 8 row low energy housings. They had been
interviewed three times. The first interview took place at the
occasion of the retro commissioning in May 2012. The following
questions had been asked and answered.

1.

Is the temperature during the summer
comfortable in all of your apartment rooms,
even in the hottest days?

There are problems with over- heating in the hottest
days of the summer; fortunately most of the tenants
are happy people who enjoy life in general and summer
in particular, so even if it is too hot in the summer they
don’t think of this as a large problem.
4.

Do you usually set two different modes (day
and night) for the under floor heating system
in your apartment?

No one knew of the possibility to make this
programming in the Danfoss control, at the time of
RCx some had been in favor for set for night savings,
some were not.
5.

What are the general conditions of your
accommodation?

Most were very pleased with the conditions; some
complaints about the confusing controls, not only
related to the control for under floor heating but also
of other household appliances supplied by SHO; The
tenants regard that as too hard to control and the
controls are not similar to what they know.
6.

Have you noticed any condensation
phenomenon on windows? On the walls? On
both?

No one has experienced condensation.

In May2013 immediately after the optimization the following
questions had been asked and answered:

1.

Is the temperature of our HDW adequate?

Is the waiting time for the HDW adequate?

Only one tenant could actually detect the extra waiting
time; no one considered the waiting time to be too
long.
3.

Does the indoor room temperature meet your
individual demands?

-YES, all tenants were satisfied with the room
temperature in different parts of their apartment. It has
to be noted that the answer was given shortly after
optimization action 2 (programming of controls for
under floor heating) and at the end of heating season.

Is the heat generated by your heating system
enough to warm all of your apartment rooms in
winter?

There were many complaints about too hot or too cold
indoor climate. All tenants said the control-thermostat
was too difficult to use. Some said “I am used to a
knob I can turn up or down, all these displays confuses
me”
3.

2.

How much money do you spend for heating
each month?

Only one of the tenants knew the cost. Tenants don’t
have to care a lot as an average is calculated by the
energy-supplier and the billing is the same every month
and corrected with actual consumptions and the end of
every yearly billing period.
2.

Nearly everyone finds the temperature to be
adequately, one tenant finds it too hot (In this one
apartment the HDW-temperature was turned down to
50oC after the interview)

The third interview was performed at the end of monitoring
period in March 2014.The following questions was raised and the
answers were given:

1.

Is the temperature of our HDW adequate?

All tenants agreed.
2.

Is the waiting time for the HDW adequate?

All tenants agreed.
3.

Does the indoor room temperature meet your
individual demands?

Inhabitants are not fully satisfied yet but regarding the
room temperature achieved after the optimization was
much better compared, by tenants’ memory, to the
temperature of the last heating season. Even though
the caretaker helped to alter the settings to find out
the individual preferences, not all tenants were
satisfied with the room temperature. These complaints
are propably related to the thermal factor of the
heated concrete in the under floor heating system.
When the caretaker turns the temperature down it
takes quite a long time to see the effect as a change in
room temperature. The tenants often are confused and
think “the caretaker is doing nothing” .There was still
many complaints about the missing knob for manual
control even though the heating system is thermostatic
controlled, outdoor temperature corrected, and
supplied with the possibility of time scheduling
day/night etc.
Many inhabitants miss the opportunity to manually
override the thermostatic control in order to heat the
apartment to a very high temperature (24° - 26° )fast
on a cold and windy day. They could do this with
traditional iron radiators and mechanical thermostats.

The tenants’ interventions, i.e. the interviewing of the elderlyalways performed by the (well known ) caretaker and the
Maarslet responsible staff showed that the tenants’ are
interested to improve their individual comfortable room
temperature. There is no particular interest in energy saving, the
warm comfortable room is the priority. It has been reported that
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“energy saving” is understood as a means of loss of comfort
which the tenants after a long industrious life don’t want to
accept.

occasion of the retro commissioning process. Up keeping or
increasing the tenants’ satisfaction with the overall dwelling
situation is an as important goal for the SHO as energy saving.

The benefit of the interviewing was the increase of tenants’
comfort with little means and the identification of defaults on the

VIII. LESSONS LEARNT
The RCx-process performed in the framework of AFTER
revealed many surprises in form of lacking setup of
automatics, dysfunctional parts that were not known
earlier at the usual transfer to operation. Therefore
commissioning in an easy and appropriate form will be used in all
future projects executed for the Health and Care department.
If systems (like heating) are run automatically then programming
must be in focus. Tenants’ requests regarding in-door
climate and general comfort should be listened to very
attentively Tenants need assistance in operating the
automatically controlled heating system, i.e. help them to
set and program the automatics. It has to be integrated in the
workflow to alter settings occasionally. The close observation of
what is usually the « tenants’ controls » also shows errors in
construction, dysfunctional parts etc. and helps to identify those
with the opportunity to make use of warranties.
When communicating with elderly tenants the focus
should be on the personal contact via well-known staff
(like the caretaker); If their opinion is needed prefer
face to face interviews instead of written
questionnaires and surveys. If contact is established be
prepared to deal with items that are not on the agenda (such as
energy) but deal with all sorts of daily life issues in these
dwellings. The tenants want the chance to discuss these issues,
too.
Elderly tenants often prioritize comfort over energy savings –In
general the tenants involved perceived energy savings as a
lowering of their comfort.
Manufacturers of control panels for HWAC need to be aware of
tenants’ needs to well control things. User friendliness and
intuitive use are the keyword. Also we see the need for a simple
common system that can integrate all HWAC-installation controls
within each apartment.
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O 1.
O 2.
O 3.
O 4.
O 5.
O 6.

3 selected operating management ESM are optimized and tested on 3 pilot sites (-5% of the previous energy consumption on pilot
sites) : HERNING
6 selected pilot refurbishment ESM are optimized and tested on 6 sites (-50% of the previous energy consumption on the pilots) :
LYSTRUP
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.

D3.2

Report on pilot sites : HERNING

D7.2

Report on pilot ESM tested “live” on sites : MAARSLET

D6.2

Report on pilot sites : LYSTRUP

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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