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OPGAVEN

EnergyFlexHouse ER EN FLEK-
SIBEL RAMME FOR PRIVAT OG
OFFENTLIG INNOVATION OG
UDVIKLING INDEN FOR ENERGI-
EFFEKTIVT BYGGERI.

EnergyFlexHouse ER ET H@J-
TEKNOLOGISK LABORATORIUM
TIL UDVIKLING, AFPRGVNING
OG DEMONSTRATION AF
SAMLEDE INNOVATIVE ENERGI-
LASNINGER TIL BYGGERIET OG
DERMED EN PLATFORM

FOR SAMARBEJDET MELLEM
DANSKE VIRKSOMHEDER,
MYNDIGHEDER OG TEKNOLO-
GISK INSTITUT.

THE TASK

EnergyFlexHouse PROVIDES
THE FRAMEWORK FOR PRIVATE
AND PUBLIC INNOVATION AND
DEVELOPMENT.

EnergyFlexHouse IS A HIGH-
TECH LABORATORY WHERE
COMPLETE, INNOVATIVE
ENERGY SOLUTIONS FOR THE
BUILDING INDUSTRY CAN BE
DEVELOPED, TESTED AND DEM-
ONSTRATED AND IS THEREFORE
A PLATFORM FOR THE COL-
LABORATION BETWEEN DANISH
COMPANIES, AUTORITIES AND
DANISH TECHNOLOGICAL
INSTITUTE.
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HVORFOR
Energy
Flex
House?

FORORD

De globale udfordringer, der er knyttet til ener-
giforsyning og markant reduktion af CO, skal
opfyldes ved hjeelp af energieffektivisering og
udnyttelse af vedvarende energi. EU stiler mod,
at de udviklede lande i 2020 skal have skaret de-
res drivhusgasemissioner ned med 30 % i forhold
til 1990. Danmark sigter pa at reducere energifor-
bruget med 25 % frem til 2025 og deekke 30 % af
energiforbruget med vedvarende energi i 2020.

Energieffektivisering, vedvarende energi og in-
novativ teknologiudvikling til byggeriet er derfor i
fokus som aldrig fgr, bdde nationalt og globalt.
Den teknologiske udfordring er dels at udvikle
omkostnings- og energieffektiv teknologi og
samlede systemer, dels at mestre det dynamiske
samspil mellem bruger og bygning, udstyr og
energiforsyning. Denne udfordring mgder Tekno-
logisk Institut med sit nye forsknings- og udvik-
lingslaboratorium EnergyFlexHouse.

EnergyFlexHouse er en stor satsning for Teknolo-
gisk Institut. Derfor glaeder det mig, at vi allerede
meget tidligt fik opbakning fra Radet for Teknolo-
gi og Innovation under Forskningsministeriet, der
finansierer de fgrste 10 udviklingsforlgb i Ener-
gyFlexHouse. Det glaeder mig ogsa, at fgrende
danske virksomheder inden for bygningsener-
giomradet fra starten har vist stor interesse og
forstaelse for konceptet. Denne interesse har bl.a.
udmgntet sig i, at rigtig mange virksomheder har
sponsoreret opfgrelsen med levering af udstyr og
hardware, men ogsa i, at virksomhederne aktivt
medvirker i gennemfgrelsen af de fgrste udvik-
lingsforlgb.



EnergyFlexHouse udggr
allerede nu grundlaget for
forsknings- og udviklingspro-
jekter, der reekker helt frem til
2014, projekter hvor Teknolo-
gisk Institut vil komme til at
arbejde sammen med hele
interessentgruppen omfat-
tende danske og udenland-
ske forskningsinstitutioner,
arkitekter og radgivere,
private og offentlige bygher-
rer, udfgrende og sidst men
ikke mindst den store under-
skov af sma og mellemstore
virksomheder, der udvikler og
leverer nationalt og globalt til
bygningsenergiomradet, og
som skal vaere med at Igse
energi- og klimaudfordringen
pa byggeomradet.

EnergyFlexHouse, der er de-
signet i samarbejde med Hen-
ning Larsen Architects, tages
i brug 1. september. Vi har
allerede haft rigtig mange be-
sggende, der gnsker at hgre
om byggeriet og dets mulig-
heder. Nu ser vi frem til, at vi
og vores samarbejdspartere
ogsa begynder at producere
resultater, til gavn for dem og
samfundet som helhed.

Sdren Stjernqvist

Administrerende direktgr

Teknologisk Institut

President
Danish Technological Institute

WHY EnergyFlexHouse?

FOREWORD

The global challenges that are linked to energy
supply and a significant reduction in CO, must
be met through energy efficiency and renewable
energy. The EU objective is that the developed
countries by year 2020 shall have reduced their
greenhouse gas emissions by 30 % compared

to 1990. Denmark aims at reducing the energy
consumption by 25 % up to year 2025 and at
covering 30 % of the energy consumption
through renewable energy by 2020.

That is why energy efficiency, renewable energy
and the development of innovative technolo-
gies for buildings receive top priority nationally
as well as globally. The technological challenge
is partly to develop cost- and energy-efficient
technology and combined systems, and partly

to master the dynamic interaction between the
consumer, the building, the equipment and the
energy supplies. Danish Technological Institute is
meeting the challenge with the new research and
development laboratory called EnergyFlexHouse.

Danish Technological Institute is very commit-
ted to EnergyFlexHouse. Therefore, | am very
pleased that the project already at an early stage
was supported by the Danish Council for Technol-
ogy and Innovation under the Danish Agency for
Science, Technology and Innovation who agreed
to co-finance the first 10 innovation projects in
EnergyFlexHouse. | am also pleased that leading
Danish companies within the building trade from
the very beginning showed great interest in and
appreciation of the concept. Due to that interest,
many companies have sponsored the project

by delivering equipment and hardware and the
companies have also actively participated in the
implementation of the initial innovation efforts.

At present, EnergyFlexHouse
has already formed the

basis of R&D projects that
reach well into 2014. They
are projects where Danish
Technological Institute will
co-operate with the entire
group of partners comprising
Danish and foreign research
institutes, architects and
consultants, private and
public entrepreneurs, manu-
facturers and not least the
large number of small and
medium-sized companies
that service the building area,
nationally as well as globally,
and who will now participate
in solving the energy and
climate challenge in the
building sector.

EnergyFlexHouse was de-
signed in co-operation with
Henning Larsen Architects
and it will be operational
from 1 September 2009.
We have already had a lot
of visitors who have been
very interested in the building
and its possibilities.

Now we look forward to
producing results together
with our co-operation part-
ners; results that will be of
benefit to our co-operation
partners and to society in
general.
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Energy
Flex
House

KONCEPTET

EnergyFlexHouse er et aktivt led i innovationspro-
cessen fra idéudvikling, udvikling og afprgvning
af prototyper og feerdige produkter. Konceptet
giver mulighed for at udvikle samlede omkost-
ningseffektive Igsninger som supplement til I1gs-
ninger baseret pé traditionel suboptimering med
enkeltkomponenttest i henhold til internationale
standarder.

Aktiviteterne i EnergyFlexHouse koordineres
Igbende med aktiviteter og erfaringer fra Teknolo-
gisk Instituts teststande og laboratorier.

Ordet "Flex” markerer, at tilpasning eller udskift-

ning af bygningskomponenter og installationer
kan ske Igbende som led i udviklingsaktiviteterne.

BYGGERIET

| EnergyFlexHouse kan tilpasning eller &endring af
klimaskeerm og installationer ske enkelt og let.

EnergyFlexHouse bestar af to bygninger:

EnergyFlexLab og
EnergyFlexFamily.

4 ENERGYFLEXHOUSE - UDVIKLING AF ENERGIEFFEKTIV. TEKNOLOGI

| EnergyFlexLab udvikles og
dokumenteres teknologi og
samlede systemer. Bygningen
er en teknisk udviklingsfaci-
litet, hvor klimaskeermsele-
menter, energiinstallationer
og styringssystemer udvikles
og optimeres i sammen-
haeng. Malet er omkostnings-
effektiv energiteknologi til
baeredygtigt byggeri.

| EnergyFlexFamily fokuseres
pa samspillet mellem bruger-
ne og de udviklede Igsninger.
Det geelder bl.a. adfzerd,
interaktive brugerflader og
styringssystemer, samspil-
let mellem forbruget og det
overordnede energisystem
samt optimeret udnyttelse af
vedvarende energi.

12010-11 forventes Energy-
FlexHouse udvidet med
EnergyFlexOffice, der som
EnergyFlexLab er en facilitet
for udvikling af energi- og
klimateknologi, men med
fokus pa erhvervsbyggeriets
seerlige forhold - konstruktio-
ner, opvarmnings- og venti-
lationssystemer, indeklima,
brugsmgnstre og udstyr.




THE CONCEPT

EnergyFlexHouse is an active
link in the innovation pro-
cess from the development
of ideas and prototypes, to
product maturation - right up
to market penetration. The
concept provides an oppor-
tunity to develop complete
cost-effective solutions that
can supplement solutions
based on traditional sub-opti-
misation by testing individual
components in accordance
with international standards.

Activities in EnergyFlexHouse
are continuously coordinated
with activities and experience
from the energy test centre
and other relevant laborato-
ries at Danish Technological
Institute.

The word “Flex” denotes
that an ongoing adaptation
and replacement of building
components and installations
can take place as part of the
development activities.

EnergyFlexHouse er et
hgjteknologisk laboratorium til
udvikling, afprgvning og demon-
stration af samlede innovative
energilgsninger til byggeriet.

EnergyFlexHouse is a high-tech
laboratory where complete,
innovative energy solutions for the
building industry can be devel-
oped, tested and demonstrated.

THE BUILDING

The building envelope and installations in Ener-
gyFlexHouse can be adapted or changed indi-
vidually and easily.

EnergyFlexHouse comprises two buildings:
EnergyFlexLab and EnergyFlexFamily.

In EnergyFlexLab, technology and combined
systems are developed and documented.

The building is a technical development facility
where elements of the building envelope and
installations are developed and optimised as a
whole. The objective is cost-effective energy
technology for sustainable construction.

EnergyFlexFamily focuses on the interaction
between the users and the developed solu-
tions. This applies to behaviour, interactive user
interfaces and control systems, the interaction
between consumption and the energy system as
a whole, as well as an optimised use of renew-
able energy.

In 2010-2011, the EnergyFlexHouse building will
be extended with EnergyFlexOffice which, like
EnergyFlexLab, will be a facility for the develop-
ment of energy and climate technology, but focus
will be on the special conditions that apply to
office buildings - design, heating and ventilation
systems, renewable energy, indoor climate, work-
ing life and equipment.
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DER ER MULIGHEDER
| EnergyFlexHouse

EnergyFlexHouse er forsynet
med omfattende maleudstyr
til dokumentation af inde-
klima og energiforbrug.
Energiforbrugets stgrrelse
og fordeling, temperaturer
og flow i installationer samt
effekten af installerede kom-
ponenter, udstyr og andret
brug registreres under sty-
rede indeklimaforhold.

EnergyFlexHouse er et
eksperimentarium. Det er
ikke et statisk demonstra-
tionsbyggeri, for modsat
demonstrationsbyggerier er
EnergyFlexHouse et dyna-
misk byggeri. Bygningsdele
og installationer kan fjernes,
tilfgjes og udskiftes — sa byg-
ningerne svarer til den del af
boligmarkedet, den aktuelle
teknologi skal udvikles til. Ek-
sempelvis kan klimaskaermen
andres fra lavenergiklasse 1
til standarden i det gaeldende
bygningsreglement eller
standarden i bygnings-
reglementet fra 1977.

Ligeledes kan installationerne sendres — eksem-
pelvis fra fjernvarme til kedel eller varmepumpe
med varmefordeling via gulvvarme eller radiato-
rer. Det betyder, at komponenter og systemer kan
testes under de forudsaetninger, man gnsker.

Er der f.eks. tale om en teknologi til eksisterende
byggeri med isoleringsstandard svarende til
70’erne eller er det til et hus bygget efter nutidens
energikrav? EnergyFlexHouse kan let tilpasses.

ENERGIEN DELES OP PA
BYGNINGERS ENKELTE

ELEMENTER OG DERES

SAMMENSPIL

Den omfattende maleplatform i EnergyFlexHouse
er konstrueret, sa energiforhold og effekt kan
adskilles pa de enkelte elementer. Dette giver
mulighed for at levere veldokumenterede resulta-
ter pa alle niveauer — fra den enkelte komponent
til det samlede system. Samtidig er det muligt,
selv ved korterevarende malinger, at fa et billede
af resultatet pa arsbasis - bade for danske og
internationale vejrforhold.

6 ENERGYFLEXHOUSE - UDVIKLING AF ENERGIEFREKTIV TEKNOLOGI

EnergyFlexHouse dbner ogsa
nye muligheder for at regi-
strere, hvordan bygningsdele
og installationer spiller opti-
malt sammen. De to huse har
ikke mindre end 790 male- og
styringspunkter, der alle log-
ges og samles i én database.

| husene kan man male,
registrere og regulere alle
relevante data under do-
kumenterede vejrforhold i
forbindelse med:

~

Indeklima

Klimaskaermen
Ventilation

Varmepumper
Fjernvarmetilslutningen

i huset

Fjernvarmenettet i jorden
Alternative
varmeinstallationer
Gulvvarmekredse
Radiatorkredse
Brugsvandsinstallationen
Husholdningens elforbrug
Installationernes elforbrug
Lysforhold
Solvarmesystemet
Solcellesystemet
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De to huse i EnergyFlexHouse
har som udgangspunkt samme

grundplan, indretning og samme

stgrrelse.

The two houses that make up
EnergyFlexHouse are based on
the same design; layout and size.




THERE ARE
POSSIBILITIES
IN THE Energy-
FlexHouse

EnergyFlexHouse is equipped with extensive
measuring equipment for the documentation

of indoor climate and energy. For example, the
extent and distribution of energy consumption,
temperatures and flow in installations as well as
the effect of installed components, equipment
and its changed use, can be registered.

EnergyFlexHouse is also an exploratorium. It is
not exactly an exhibition centre because contrary
to other houses EnergyFlexHouse is a dynamic
building. Building components and installa-
tions can be removed, added or replaced, so the
buildings correspond to the sector of the housing
market for which the technology in question has
to be developed. The building envelope can e.g.
be changed from low-energy class 1 to the stand-
ard in the current building regulations or to the
standard in the building regulations from 1977.

The installations can also be changed, e.g. from
district heating to boilers or heat pumps with heat
distribution through floor heating or radiators.
Therefore, the components and systems can be
tested under the conditions you prefer. Do you for
instance want technology for the existing build-
ing with an insulation standard from the 70s, or

a house built according to the present energy
requirements?

ENERGY CAN BE DIVIDED INTO
THE INDIVIDUAL ELEMENTS OF
THE BUILDINGS AND THEIR
INTERACTION

The extensive measuring platform in EnergyFlex-
House has been built so energy performance and
effect can be separated for each individual ele-
ment. That makes it possible to supply well-doc-
umented results at all levels — from the individual
component to the complete system. It is also
possible, even with short-term measurements, to
get an impression of the results on a yearly basis,

e.g. for Danish as well as
international weather condi-
tions.

EnergyFlexHouse also makes
it possible to register the best
way in which the building
components and installations
work together. Combined, the
two houses have no less than
790 data and control points,
all logged and compiled into
one database.

All relevant data connected
with the following aspects
can be measured, registered
and adjusted in the houses
under known and document-
ed weather conditions:

~

Indoor climate

Building envelope
Ventilation

Heat pumps

District heating installa-
tions in the house

District heating network in
the ground

Alternative heating
installations

Floor heating circuits
Radiator circuits

Hot water installation

7 Electricity consumption in
the household

Electricity consumption of
installations

Lighting conditions

Solar heating system
Photovoltaic system

~
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SIDE-BY-SIDE

| EnergyFlexHouse kan man i detaljer se, hvad
der sker, nar man aendrer pa enkeltkomponenter,
udstyr eller styring.

Der er i husene opbygget 4 szt sakaldte side-by-
side-rum. To og to er de helt identiske rum, der
udseettes for samme klimapavirkning.

Rummene vil som udgangspunkt opfgre sig ens,
nar man installerer de samme komponenter og
det samme udstyr i dem. Det giver mulighed for
at andre én eller flere parametre i det ene af rum-
mene, og dermed observere og male forskellen
mellem rummene pa grund af denne aendring.

Man kan saledes let teste effekten af teknologier
og Igsninger i 1:1 under typiske forhold. Det kan
eksempelvis veere effekten af eendringer i forbin-
delse med vinduer, varmeisolering, Powershades,
Phase Changing Materials (PCM), behovsstyret
ventilation, aendrede fremlgbstemperaturer og
varmefordeling.

ENERGIFORBRUGET OG DET
SAMLEDE ENERGISYSTEM

Olie, gas og kul skal spille en mindre rolle og ved-
varende energi skal opprioriteres — bygningerne

skal producere mest mulig energi til eget forbrug
og en stor del af bilparken skal udskiftes til elbiler.

Disse nye udfordringer pa energiomradet rejser
bl.a. spgrgsmal om hvordan forbrug og forsyning
kan spille sammen mellem den enkelte bygning
og bebyggelsen, forsyningsnettet, landsdelen og
det nationale forsyningssystem.

EnergyFlexHouse bidrager til at afdeekke mulig-
hederne bl.a. ved forskning og udvikling af nye
fjernvarmesystemer, varmeakkumuleringssyste-
mer, ladestationer til elbiler, nettilsluttede solcel-
ler og el- og varmelagre.

SIDE-BY-SIDE

In EnergyFlexHouse you can get a detailed
impression of what happens when changes are
made to individual components, equipment or
controls.

The houses have four sets of so-called side-by-
side rooms. Two by two they are thermo techni-
cally completely identical rooms and they are
exposed to the same climatic effects.

8 ENERGYFLEXHOUSE - UDVIKLING AF ENERGIEFFEKTIV TEKNOLOGI

Essentially, the rooms oper-
ate in the same way when
similar components and
equipment are installed. That
makes it possible to change
one parameter and observe
and measure the difference
the change produces in the
rooms.

The effect of the technologies
and solutions can be tested
1:1 under typical condi-
tions. For instance a detailed
documentation of the effect
of changing windows, heat
insulation, power shades,
phase-changing materials
(PCM), demand-controlled
ventilation, various tempera-
ture sets and heat distribution
systems.

ENERGY CONSUMP-
TION AND THE
ENTIRE DANISH
ENERGY SYSTEM

In future, oil, gas and coal will
play a minor part and renew-
able energy will receive high
priority — the buildings must
produce as much energy as
possible for local consump-
tion and a large part of the
vehicle fleet will be replaced
by electric vehicles (EV).

The new challenges within
the field of energy i.a. raise
questions on how consump-
tion and supply can interact
in the individual building, in
buildings, in the supply net-
work, in a specific part of the
country and nationwide.

EnergyFlexHouse will contrib-
ute to uncover possibilities,
e.g. by R&D of new district
heating systems, heat accu-
mulation systems, charging
points for EVs, network con-
nected photovoltaic cells and
heat storages.

DER ER
MULIGHEDER |
ENERGY
FLEXHOUSE

THERE ARE
POSSIBILITIES
IN THE ENERGY
FLEXHOUSE



Bygningsdele og installationer
kan fjernes, tilfgjes og udskiftes
sé bygningerne svarer til den del
af boligmarkedet, den aktu-

elle teknologi skal udvikles til.
Eksempelvis kan klimaskaermen
aendres fra lavenergiklasse 1 til
standarden i det geeldende byg-
ningsreglement eller standarden i
bygningsreglementet fra 1977.

Building components and instal-
lations can be removed, added
or replaced, so the buildings
correspond to the sector of

the housing market for which
the technology in question is

to be developed. For instance,
the building envelope can be

changed from low-energy class

1 to the standard in the current
building regulations or to the
standard in the building regula-
tions from 1977.




DEN ENERGI-
NEUTRALE
BOLIG

- Energy
FlexFamily

| slutningen af 2009 flytter en familie ind i Ener-
gyFlexFamily, som er en god og stor familiebolig
— der i fgrste fase er energineutral. Solcellerne
og solfangerne péa taget producerer al den energi
familien skal bruge i boligen og til elbilen.

EnergyFlexFamily er et eksempel pa hvordan
energineutralitet kan sikres pa bygningsniveau
ved hjeelp af kendte, tilpassede teknologier.

Nu skal alle idéer, systemer og produkter sta de-
res prgve. Familien skal gennem sit daglige virke
teste hvordan bygningen, installationerne og
udstyret fungerer — hvad er godt og hvad er skidt?

Spgrgsmalene er mange og kan eksempelvis
veere:

Hvordan bruges bygningen og diverse udstyr
og hvad er det resulterende energiforbrug?

Kan familien styre de tekniske installationer,
sa de far et godt indeklima?

Er intelligent styring en fordel — eller er det
bare til irritation?

Hvilke oplysninger om energiforbrug og
energiforsyning er familien interesseret i?

Kan vi udvikle et overskueligt brugerpanel,
som ggr det enklere og interessant at fglge sit

energiforbrug?

Kan en interaktiv brugerflade pavirke familiens
adfeerd og energiforbrug?

1 0 ENERGYFLEXHOUSE - UDVIKLING AF ENERGIEFFEKTIV TEKNOLOGI

BRUGERADFARD

Et er at designe og udfgre
energioptimale enkeltlgsnin-
ger og systemer. Et andet er
at fa beboerne i husene til at
bruge dem rigtigt i dagligda-
gen. Hvis beboerne ikke kan
handtere systemerne - maske
fordi de er for komplicerede
eller tidskreevende - hjeelper
de kreative idéer og tanker
bag de energieffektive Igsnin-
ger og systemer ikke meget.

Det er ogsa vigtigt at fremme
bevidstheden om konsekven-
serne af familiemedlemmer-
nes handlinger og ubevidste
adfeerdsmgnstre. Her ligger
store potentialer og venter pa
at blive realiserede.

Testfamilierne i EnergyFlex-
Family giver unikke mulighe-
der for at kortlaegge effekten
af eendringer bade i systemer
og produkter, bl.a. vil de sub-
jektive brugervurderinger af
de fysiske eller styringsmaes-
sige tiltag give en veerdifuld
viden pa omradet.

Det at inddrage slutbrugeren
pa denne made - i de virkeli-
ge omgivelser i den alminde-
lige dagligdag - kan sikre, at
de Igsninger der udarbejdes,
bade far gennemslagskraft
pa markedet, og leverer de
gnskede energibesparelser.

ENERGY
NEUTRAL
HOUSING
- Energy
Flex
Family

At the end of 2009, a fam-

ily will move into Energy-
FlexFamily, the large, energy
neutral family house. The
photovoltaic and solar collec-
tor on the roof will produce
all the energy the family
needs in the house as well

as the energy for the electric
vehicle (EV).

EnergyFlexFamily is an exam-
ple of how energy neutrality
can be assured in a building
by using well-known adapted
technologies.

All ideas, systems and prod-
ucts will now be put to the
test. In their everyday life, the
family will test how the build-
ing, installations and equip-
ment work. What is good and
what is not so good?

There are many questions
and they could e.g. be:

How do you use the build-
ing and the equipment
and what is the resulting
energy consumption?

Is the family able to oper-
ate the technical installa-

tions so a pleasant indoor
climate is obtained?

Is intelligent control an
advantage — or is it just
irritating?



What type of information
about energy consump-
tion and supply does the
family want?

Is it possible to develop
an understandable user
interface so the users find
it easier and more inter-
esting to follow how much
energy they consume?

Could an interactive user
panel influence user
behaviour and energy
consumption?

USER BEHAVIOUR

One thing is to design and
perform energy optimis-

ing individual solutions and
systems. Another is to get the
residents to use them cor-
rectly in normal everyday life.
If the residents cannot man-
age the systems — perhaps
they are too complicated or
time-consuming — then the
creative ideas and thoughts
behind the energy efficient
solutions and systems will
not be of much use. This is
where there is a huge poten-
tial waiting to be realised.

It also includes the effect of
encouraging the awareness
of the consequences of the
family’s actions and subcon-
scious behaviour patterns.

The test families in Energy-
FlexFamily give a unique
opportunity to analyse the
actual effect of system and
product changes, and the
subjective user reviews of
physical or control-related
measures will give valuable
insight into the subject.

Involving the end-user in real
surroundings in everyday life
will ensure that the compiled
solutions gain effectiveness
in the market and supply the
desired energy savings.

Testfamilierne i EnergyFlexFamily skal afprgve
anvendeligheden og effekten af de udviklede
produkter og systemer.

The test families in EnergyFlexFamily are going to
test the user-friendliness and the effect of
the developed products and systems.

\S
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HVAD ER EN ENERGI-
NEUTRAL BYGNING?

En energineutral bygning
producerer lige sa meget
energi, som der forbruges.

Dette betyder, at det samlede
energiforbrug er 0 kWh pr. ar.

EnergyFlexFamily’s energi-
forbrug gar til:

7 Opvarmning og
ventilation

Varmt brugsvand
Belysning

Elforbrug til
husholdningsmaskiner,
underholdning og it

7 Transport i form af en elbil
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| EnergyFlexFamily er varme- og elforbruget re-
duceret ved hjaelp af energieffektive systemer og
teknologier, sadledes at bygningens forbrug kan
deekkes med vedvarende energi.

Energineutraliteten i EnergyFlexFamily opnas
ved hjeelp af:

~

Varmeisolering svarende til lavenergiklasse 1
Luftteette konstruktioner
Lavenergivinduer

Intelligent og interaktiv styring
Energibesparende harde hvidevarer
og andet udstyr

Energieffektiv belysning

Transport i elbil

Nettilsluttet solcelleanleeg
Solvarmeanlaeg til varmt brugsvand
Varmepumpe til kombineret varme-
og ventilationsanlaeg

<
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~

~
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Den energineutrale bygning er opfgrt i samarbejde med
Rockwool A/S, VELUX A/S, Nilan A/S, Danfoss A/S,
Lindab A/S, LOGSTOR A/S og Viega A/S.

WHAT IS AN ENERGY NEUTRAL
BUILDING?

An energy neutral building produces the same
amount of energy as it consumes.

Therefore, the total energy consumption is 0 kWh
per year.

The energy consumption of EnergyFlexFamily
include :

-
~

Heating and ventilation

Domestic hot water

Lighting

7 Electricity consumption for electric appliances,
entertainment and IT

7 Transport in the form of an electric vehicle (EV)

~

QG G«

-
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In EnergyFlexFamily, the
heating and electricity
consumption are reduced
through energy efficient
systems and technologies so
the building’s consumption
can be covered by renewable
energy

Energy neutrality in
EnergyFlexFamily is achieved
through:

7 Heat insulation according
to low-energy class 1
Airtight buildings
Low-energy windows
Intelligent and interactive
control
7 Energy saving domestic
appliances and other
equipment
7 Energy efficient lighting
Y Transport in electric
vehicle (EV)
7 Grid connected photo-
voltaic system
7 Solar heating systems for
domestic hot water
7 Heat pump for a
combined heating and
ventilation system

4 A
DR DR

The energy neutral building has
been constructed in co-operation
with Rockwool A/S, VELUX A/S,
Nilan A/S, Danfoss A/S, Lindab
A/S, LOGSTOR A/S and Viega A/S.

DEN ENERGINEUTRALE
BOLIG - ENERGYFLEXFAMILY

ENERGY NEUTRAL HOUSING
- ENERGYFLEXFAMILY
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[ Options I Combination used in EnergyFlexFamily in 2009.

Man kan kombinere, designe

og teste naesten alle relevante
muligheder for energieffektivise-
ringstiltag i EnergyFlexHouse.

| skemaet ses nogle af
mulighederne. Den viste
kombination er den, der er an-
vendt i EnergyFlexFamily i 2009.

All the relevant options for
energy-efficient measures can be
combined, designed and tested
in EnergyFlexHouse.

The table displays some of
the options. The combination
shown is the one used in
EnergyFlexFamily in 2009.
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DER ER FULD
FART PA
UDVIKLING,
TEST OG DO-
KUMENTATION

EnergyFlexHouse giver unikke muligheder for
at gennemfgre innovationsforlgb, specielt for
producenter af produkter og udstyr. Her kan

bygningsmaterialer og tekniske installationer bl.a.

testes i sammenhaenge, der svarer til den nor-
male brug pa markedet.

EnergyFlexHouse erstatter simulering, som ellers
er eneste alternativ. EnergyFlexHouse er dermed

et vigtigt led i innovationsprocessen fra idéud-
vikling, udvikling af prototype, test, optimering

og produktmodning - helt frem til produkternes

markedsintroduktion.

Der er fuld fart pa aktiviteterne i Energy
FlexHouse. Allerede i 2009 gennemfgres de 10
fgrste innovationsforlgb:

1. Ventilations- og varmeanlaeg med varme-
pumpe

2. Energieffektiv varmtvandsinstallation

w

med varmeforbrug i husholdningsapparater
Fjernvarmesystem til lavenergibyggeri

Lavenergivinduer og varmeisolering

Tradlgs intelligent styring

© N o o &

Samspil mellem teknologi, brug og
energisystem

9. Lavenergiinstallation som plug-and-play
10. Den energineutrale bolig

De 10 innovationsforlgb gennemfgres i samar-
bejde med vaesentlige aktgrer pd markedet og

medfinansieres af Radet for Teknologi og Innova-
tion under Forsknings- og Innovationsstyrelsen.

De fgrste 9 innovationsforlgb er kort beskrevet

pa siderne 16 til 21. Det tiende innovationsforlgb

- "Den energineutrale bolig” - er beskrevet pa
siderne 10-13.
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Fleksibelt elforbrug og erstatning af elforbrug

Klimaskaermen som varmelager, PCM i beton

FULL SPEED ON
DEVELOPMENT,
TESTING AND
DOCUMENTATION

EnergyFlexHouse gives
unique possibilities to carry
out innovation straight from
idea to market, especially for
manufacturers of products
and equipment. Building
materials and technical
installations can be tested in
surroundings corresponding
to where they are normally
used.

EnergyFlexHouse replaces
simulation, which otherwise

would be the only alternative.

Therefore, EnergyFlexHouse
is an important link in the
innovation process from
development of the idea

to prototype development,
testing, optimisation and
product maturation — right up
to market penetration.

There is full speed on the

activities at EnergyFlexHouse.

In 2009, ten innovation pro-
jects will be completed:

1. Ventilation and heating
systems with heat pumps

2. Energy efficient hot water
installation

3. Flexible electricity con-
sumption and replace-
ment of electricity con-
sumption by heating con-
sumption in white goods

4. District heating systems
for low-energy buildings

5. Low-energy windows and
vacuum insulation

6. Building envelope as a
heat storage, PCM in
concrete

7. Wireless intelligent
control

8. Interaction between
technology, use and
energy system

9. Low-energy installation as
plug-and-play

10. Energy neutral housing

The ten innovation projects
are being carried out in
co-operation with relevant
players in the market and are
co-financed by the Danish
Council for Technology and
Innovation under the Danish
Agency for Science, Techno-
logy and Innovation.

The first nine innovation pro-
jects are described on page
16-21. Number 10 “Energy
neutral housing” is described
on page 10-13.



Allerede i 2009 gennemfgres
de 10 fgrste inn@xationsforlgb
i EnergyBlexHouse.

Innovation activities are already well

under way at EnergyFlexHouse. In '
2009, ten development activities are
completed.




1
VENTILATIONS-
OG VARME-
ANLAG MED
VARMEPUMPER

Varmepumper er et vae-
sentligt alternativ til andre
energikilder i nybyggeriet.
Der er store fordele ved at
kombinere en boligventi-
lationsvarmepumpe og en
minivarmepumpe, og derfor
er denne Igsning etableret i
en unit i EnergyFlexFamily.
Minivarmepumpen er udvik-
let i et parallelt projekt.

Boligventilationsvarme-
pumpen tager energi fra
ventilationsanleeggets af-
kastluft og overfgrer varmen
til indblaesningsluft. Mini-
varmepumpen tager energi
fra jordslanger og producerer
varme til rumopvarmning og
varmt brugsvand. Anleegget
er yderligere forsynet fra ca.
5 m2 solfangere.

| innovationsforlgbet

fokuseres pa:

1. Kombination af bolig-
ventilationsvarmepumpe
og ventilationssystem

2. Minivarmepumpe til rum-
opvarmning og brugsvand

3. Minivarmepumpe
kombineret med solvarme

Samarbejdspartnere i projektet er
Nilan A/S og Danfoss A/S.

2
ENERGIEFFEKTIV
VARMTVANDS-
INSTALLATION

| lavenergihuse udggr energi-
forbruget til varmt brugsvand
op til 50 % af det samlede
varmeforbrug.

Der er saledes et relativ stort reduktionspotentiale
i forbindelse med brugsvandsforbrug og brugs-
vandsinstallationerne i lavenergihusbyggeri.
Reduktion af energiforbrug til varmt brugsvand
er et fokusomrade i alle former for byggeri, ikke
mindst ved renovering — indsatsen omfatter brug
af vedvarende energi (solvarme eller varmepum-
per), energieffektive installationer og hensigts-
maessig brug.

Der udvikles energieffektive Igsninger til produk-
tion og fordeling af varmt brugsvand. Det drejer
sig bl.a. om optimering af systemlayout, anven-
delse af nye rgrtyper til varmtvandscirkulation,
udvikling af intelligente armaturer og reduktion af
varmetab.

| innovationsforlgbet fokuseres pa:

1. Effektive vandvarmere

2. Metoder til reduktion af dgdtider, varmetab
og vandforbrug, herunder intelligent styring

Samarbejdspartnere i projektet er Viega A/S og Danfoss
A/S.

3

FLEKSIBELT ELFORBRUG OG
ERSTATNING AF ELFORBRUG
MED VARMEFORBRUG |
HUSHOLDNINGSAPPARATER

Et prisfleksibelt elforbrug kan veere en fordel for
forbrugeren i form af lavere priser, forbedret for-
syningssikkerhed og indpasning af miljgvenlig
elproduktion, eksempelvis fra vindmgller. En vee-
sentlig del af elforbruget i harde hvidevarer kan
styres eller flyttes inden for dggnet.

Varmt brugsvand kan produceres af miljgvenlig
fjernvarme, eller lokalt ved den enkelte bolig med
solenergi, varmepumper eller eventuelt med
billig el. Varmen kan yderligere lagres til den skal
anvendes. Op til 90 % af elforbruget kan erstattes
med varmeforbrug i bl.a. vaskemaskine, opvaske-
maskiner og tgrretumblere.

Der etableres mulighed for at styre elforbruget
samt for at anvende fjernvarme/varmtvand som
basisenergi til opvarmning i vaskemaskiner,
opvaskemaskiner og tgrretumblere. Maskinerne
udstyres med ngdvendig styring til flytning af el-
forbrug, samt med varmevekslere, som supplerer
elvarmelegemerne, der tager over ved behov for
meget hgje temperaturer.

1 6 ENERGYFLEXHOUSE - UDVIKLING AF ENERGIEFFEKTIV TEKNOLOGI

| innovationsforlgbet

fokuseres pa:

1. Prototype af vaske-
maskine med varme-
veksler

2. Prototype af opvaske-
maskine med varme-
veksler

3. Automatiseret forsynings-
system for fjernvarme/
varmtvand til maskiner-
nes varmevekslere

4. Den samlede system-
Igsning (1+2+3)

5. Flytning af elforbrug/
styring efter prissignaler

Samarbejdspartnere i projektet er
Danfoss A/S og Goteborg Energi
AB.

DER ER FULD FART
PA UDVIKLING,
TEST OG DOKUMENTATION

DEVELOPMENT, TESTING
AND DOCUMENTATION
ARE WELL UNDER WAY



1

VENTILATION AND
HEATING SYSTEMS
WITH HEAT PUMPS

Heat pumps are an impor-
tant alternative to traditional
energy sources in new build-
ings. Great advantages can
be obtained by combining a
heat pump/ventilation system
with a small scale ground
source heat pump and there-
fore that solution has been
established as a unit in Ener-
gyFlexFamily. The small scale
ground source heat pump
was developed in a parallel
project.

The heat pump/ventilation
system takes energy from
the exhaust air of the ventila-
tion system and delivers the
heat into the inlet air. The
small scale ground source
heat pump takes energy from
ground coils and produces
space heating and domestic
hot water. The system is also
equipped with approximately
5 m2 solar collectors.

The innovation project

focuses on:

1. Combination of a heat
pump and ventilation
system

2. Small scale ground
source heat pump for
space heating and domes-
tic hot water

3. Small scale ground
source heat pump com-
bined with solar heat

The co-operation partners in this
project are Nilan A/S and Danfoss

A/S.

2

ENERGY EFFICIENT
HOT WATER
INSTALLATIONS

In low-energy houses, energy
consumption for domestic
hot water amounts to 50 %

of the total heating consumption. There is a
rather high potential connected with reducing

the domestic water consumption and improving
domestic water installations. Focus is on reduced
energy consumption for domestic hot water in

all buildings, not least in connection with renova-
tion. The effort includes the use of renewable en-
ergy (solar heat and heat pumps), energy efficient
installations and appropriate use.

In EnergyFlexHouse it is possible to develop
energy efficient solutions for the production and
distribution of domestic hot water. The solutions
will include optimisation of the system layout,
application of new types of pipes for hot water
circulation, the development of intelligent fittings
and the reduction of heat loss.

The innovation project focuses on:

1. Effective domestic water heaters

2. Methods for reducing time delays, heat loss
and water consumption

The co-operation partners in this project are Viega A/S
and Danfoss A/S.

3

FLEXIBLE ELECTRICITY
CONSUMPTION AND
REPLACEMENT OF ELECTRICITY
CONSUMPTION BY HEATING
CONSUMPTION IN WHITE GOODS

Electricity consumption that is flexible with
regard to price can be an advantage to the con-
sumer in the shape of lower prices, improved
reliability and the introduction of environmen-
tally friendly electric power generation, e.g. from
wind turbines. A substantial part of the power
consumption in white goods can be controlled or
transferred within 24 hours.

Domestic hot water can be produced from envi-
ronmentally friendly district heating or locally in
each house with solar energy, heat pumps or pos-
sibly with inexpensive electricity. Heat can also
be stored until needed. Up to 90 % of the power
consumption can be replaced by heat consump-
tion in the white goods.

In EnergyFlexHouse it will be possible to control
the power consumption and to use district heat-
ing/hot water as main energy source for heating
in washing machines, dishwashers and tumble
driers. The machines will be equipped with the
necessary controls for transferring electricity, and
with heat exchangers to supplement the electric
heating elements which take over when very high
temperatures are required.

The innovation project

focuses on:

1. Prototype washing ma-
chine with heat exchanger

2. Prototype dishwasher
with heat exchanger

3. Automated distribution
system for district heat-
ing/hot water for the heat
exchangers in the ma-
chines

4. Complete system solution
(1+2+3)

5. Transfer of power con-
sumption/control accord-
ing to prices

The co-operation partners in
this project are Danfoss A/S and
Goteborg Energi AB.

| EnergyFlexHouse monteres
lavenergivinduer af trae med
kork som ekstra varme-
isolering i karmene.

Se punkt 5, side 18.

EnergyFlexHouse has
low-energy windows made of
wood with cork as additional
heat insulation in the window

frames. See ch. 5, page 19.
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4
FJERNVARME-

SYSTEM TIL LAV-
ENERGIBYGGERI

Fjernvarme betragtes i dag
som et vaesentligt alternativ

i nybyggeri. | varmeplan Dan-
mark vurderes det, at 70 % af
nybyggeriet frem mod 2020
med fordel kan forsynes med
fjernvarme.

Fjernvarme kan anvende
varme fra elproduktion, affald
og vedvarende energi og an-
ses som en vasentlig forud-
saetning for, at vi pa lang

sigt kan gdre os fri af fossile
breendsler. Udfordringen

ved fjernvarme til lavenergi-
byggeri er de relativt store
omkostninger bundet i anlaeg
og varmetabene fra distributi-
onsnettet.

Der etableres en fjernvarme-
forsyning udlagt som twinrgr
og tilslutningsmuligheder for
forskellige typer fjernvarmeu-
nits i teknikrummet. Endelig
etableres gulvvarmeanlaeg
og mulighed for tilslutning af
radiatorer ved bade yder- el-
ler inderveeg.

| innovationsforlgbet

fokuseres pa:

1. Lavtemperaturdrift af stik-
ledninger med meget
sma dimensioner og
varmetab

2. Ny type fjernvarmeunit
med akkumulerings-
beholder til fiernvarme

3. Vandradiatorer udviklet
specielt til lavtemperatur-
drift

4. Den samlede system-
Igsning (1+2+3)

Samarbejdspartnere i projektet
er Danfoss District Heating,
LOGSTOR A/S, Kamstrup A/S og
Aktieselskabet Ribe Jernindustri.

5
LAVENERGIVINDUER OG
VAKUUMISOLERING

De vinduer, vi i dag kender som lavenergivinduer,
vil inden for en meget kort tidshorisont veere

et standardprodukt. Tilsvarende vil isolerings-
produkter med meget lav varmeledningsevne,
eksempelvis vakuumisolering, vinde indpas i
normal byggepraksis, specielt i de omrader, hvor
man ikke uden videre kan gge konstruktions- og
dermed isoleringstykkelsen.

| EnergyFlexHouse monteres lavenergivinduer
af tree med kork som ekstra varmeisolering i kar-
mene og der etableres foranstaltninger, der kan
afhjeelpe udvendig kondens.

|l innovationsforlgbet fokuseres pa:

1. Effekten af at anvende lavenergivinduer

2. Eksempler pa optimeret indbygning af vinduer

3. Metoder til at nedsaette omfanget af udvendig
kondensdannelse pa lavenergiruder

Samarbejdspartnere i projektet er Ulsted Vinduer og
Dgre A/S og Barsmark A/S.

6
KLIMASKARMEN SOM
VARMELAGER

Tunge bygningskonstruktioner kan reducere ener-
giforbruget til opvarmning og kgling, sammen-
holdt med lette bygningskonstruktioner. Specielt
bygninger med glasfacader opfanger meget sol-
varme, sa der bruges store mangder af energi pa
at kgle bygningerne ned igen.

Ved at anvende tunge byggematerialer og eksem-
pelvis faseskiftende materialer (Phase Changing
Materials, PCM) i rum med store glasarealer, er
det muligt at reducere energiforbruget ved at op-
timere udnyttelsen af solenergien, og minimere
behovet for kgling.

Der etableres passive varme- og kuldeakkumu-
lerende betonkonstruktioner samt et termoaktivt
betongulv med PCM.
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| innovationsforlgbet

fokuseres pa:

1. Bygningsintegreret ter-
misk lagring til udjeevning
af temperaturer og reduk-
tion af kgle- og
opvarmningsbehov

2. Energieffektiv kgling med
termoaktivt betongulv
med PCM

Samarbejdspartnere i projektet er
Unicon, EXPAN A/S, BASF A/S og
Saint-Gobain Weber A/S.

DER ER FULD FART
PA UDVIKLING,
TEST OG DOKUMENTATION

DEVELOPMENT, TESTING
AND DOCUMENTATION
ARE WELL UNDER WAY
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Fjernvarmenettet mellem
bygningerne i EnergyFlex-
House er udfgrt af twinrgr.

The district heating system
between the buildings in
EnergyFlexHouse is construct-
ed with twin pipes.

4
DISTRICT HEATING SYSTEMS FOR
LOW ENERGY BUILDINGS

District heating is currently regarded as an im-
portant alternative in new buildings. ‘Heat Plan
Denmark’ estimates that 70 % of new buildings
could be fitted with district heating by 2020.

District heating can utilise heat from electricity
production, waste and renewable energy and is
considered to be a crucial requirement if we in
the long-term are to disengage from fossil fuels.
The challenges connected with district heating in
low-energy buildings are the rather large costs
bound in the systems and heat loss from the
distribution network.

EnergyFlexHouse has a district heating system
between the buildings, laid out as twin pipes, as
well as the possibility to connect different types
of district heating units in the technology room.
Furthermore, a floor heating system is estab-
lished and the option to connect radiators in
either outer or inner walls.

The innovation project focuses on:

1. Low-temperature operation of DH network
with very small dimensions and heat loss

2. New type of district heating unit with accumu-
lation tank for district heating

3. Water filled radiators developed especially for
low-temperature operation

4. Complete system solution (1+2+3)

The co-operation partners in this project are Danfoss
District Heating, LOGSTOR A/S, Kamstrup A/S and
Aktieselskabet Ribe Jernindustri.

5
LOW ENERGY WINDOWS AND
VACUUM INSULATION

The windows currently known as low-energy win-
dows will become standard within a very short
period of time. Similarly, insulation products with
extremely low thermal conductivity, e.g. vacuum
insulation, will become popular in standard
construction methods, particularly in those areas
where insulation and thus construction thickness-
es cannot be increased.

EnergyFlexHouse has low-energy windows made
of wood with cork as an additional heat insulation
in the sills and measures are being taken to help
prevent external condensation.

The innovation project focuses on:

1. The effect of using lowenergy windows

2. Examples of optimised integration of
windows (in the wall/roof/ building envelope)

3. Methods to reduce the
amount of external
condensation on low-
energy window panes

The co-operation partners in this
project are Ulsted Vinduer og
Dgre A/S and Barsmark A/S.

6
BUILDING ENVELOPE
AS A HEAT STORE

Heavy constructions that
equalise the temperature can
be obtained using phase-
changing materials (PCM).
These materials increase the
heat accumulation, absorbing
heat when changing phase,
e.g. from solid to liquid state,
and liberating the heat when
changing from liquid to solid
state. Heat accumulating
constructions in buildings can
reduce the energy consump-
tion for heating and cooling
particularly in buildings with
a major solar gain. By using
heavy construction materials
and e.g. PCM in rooms with
large glass areas, it is pos-
sible to reduce the energy
consumption by optimising
the utilisation of the solar
energy and minimising the
need for cooling.

Passive heat and cold accu-
mulating concrete construc-
tions will be established in
EnergyFlexHouse along with
a thermoactive concrete floor
with PCM.

The innovation project

focuses on:

1. Building integrated
thermal storage to equal-
ize temperatures and re-
duce energy consump-
tion for cooling and heat-
ing

2. Energy efficient cooling
with thermo-active con-
crete floors with PCM

The co-operation partners in
this project are Unicon, EXPAN
A/S, BASF A/S and Saint-Gobain
Weber A/S.
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7
TRADL@S
INTELLIGENT
STYRING

Tradlgs styring af installatio-
ner, udstyr mv. i hjemmet kan
reducere energiforbruget. Der
findes en lang raekke tradlgse
sensorer samt overordnede
hjemmestyringssystemer. En
raekke producenter af tekniske
installationer bruger trad-

Igst netveerk, og har abnet
muligheden for styring af
installationer fra en hjemme-
styringsenhed. Dette betyder,
at der teknisk set er mulighed
for intelligent, koordineret
styring af eksempelvis venti-
lation, varme og el.

Der etableres tradlgst sensor-
netveerk til registrering af
indeklima og energiforbrug
samt central intelligent sty-
ring af varmeanleag, ventila-
tionsanleeg og elforbrugende
komponenter i interaktion
med brugeradfaerd. Des-
uden etableres et system til
synligggrelse af indeklima og
forbrug.

| innovationsforlgbet

fokuseres pa:

1. Modeller og parametre til
optimal styring af inde-
klima og energiforbrug

2. Mulighederne for bruger-
dreven opseetning af
styringsparametre

3. Kortlaegning af energi-
besparelser ved parame-
teraendringer

Samarbejdspartnere i projektet
er Elsparefonden og Electronic
Housekeeper.

Yy
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SAMSPIL MELLEM TEKNOLOGI,
BRUG OG ENERGISYSTEM

- TRANSPORT PA VEDVARENDE
ENERGI

Transportsektoren er 99 % afhaengig af fos-

sil breendstof, hvilket bl.a. medfgrer hgj CO,-
emission og partikelforurening. Batterielbiler kan
udnytte vedvarende energi fra vindmgller og
solceller. Elbiler er desuden stgjsvage og emis-
sionsfri - og sa udnytter de energien meget bedre
end traditionelle biler. | vindstille og overskyede
perioder oplades batteriet med almindelig el fra
nettet.

Elbilernes nytteveerdi i det samlede energisystem
kan forgges, hvis energien i bilens batteri perio-
devis kan leveres tilbage pa elnettet — kendt som
"Vehicle to Grid” = V2G.

EnergyFlexFamily har en Fiat Panda elbil med
batterikapacitet til 140 km. Bygningens solcel-

ler har kapacitet til at forsyne bade bygning og
bil med energi. Solcellerne leverer el til direkte
forbrug, til nettet, til bilens batteri, eller til et hus-
batteri. Et styringssystem afggr, hvornar elbilen
oplades fra husbatteriet eller elnettet.

| innovationsforlgbet fokuseres pa:
Familie-elbil pa solcellestrgm
Intelligent ladning af elbil
Ellagring i husbatteri

Vehicle to Grid

pPowbd-=

Samarbejdspartnere i projektet er Energistyrelsen,
Gaia Solar A/S og Lithium Balance A/S.

9
PLUG-AND-PLAY
LAVENERGIINSTALLATION

Kravene om omkostningseffektiv minimering af
energiforbruget i nye og eksisterende bygninger,
ggr det ngdvendigt at nytaenke bygningernes in-
stallationer. De aktuelle omrader skal ses under ét
og optimeres i samlede fleksible I@sningspakker,
der opfylder krav til energieffektivitet, industria-
lisering, hurtig og simpel installation og nem
servicering. L@sningerne skal vaere omkostnings-
effektive bade i produktions-, implementerings-
og driftsfasen.
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| EnergyFlexHouse arbejdes

med kombinationer af:

< Varmepumper

7 Solvarmeanleeg og
solceller

7 Fjernvarme, mikrokraft-
varme eller gaskedel

7 Ventilationsanleeg med
varmegenvinding

7 Gulvvarme eller radiatorer

I innovationsforlgbet

fokuseres pa:

1. Skitsering af system-
Igsninger til typiske byg-
ningsmodeller og energi-
forbrug

2. Valg af 2-4 system-
Igsninger og fastlaeggelse
af systemvarianter
(varme, ventilation, kgling,
solvarme, solceller, radia-
tor/gulvvarme/luftvarme)

3. Konkretisering af koncept
for pakkelgsninger
(produktion, markeds-
fgring, installation, service)

4. Udvikling og afprgvning
af prototyper

Samarbejdspartnere i projektet er
SolarCAP A/S og Danfoss A/S.

DER ER FULD FART
PA UDVIKLING,
TEST OG DOKUMENTATION

DEVELOPMENT, TESTING
AND DOCUMENTATION
ARE WELL UNDER WAY




7
INTELLIGENT
WIRELESS CONTROL

Wireless control for instal-
lations, equipment, etc. can
together with a proper control
strategy reduce the energy
consumption. A wide range
of wireless sensors and
overall home control systems
are available. A number of
manufacturers of technical
installations use wireless
networks and have made it
possible to control installa-
tions from a home control
unit. That means that it is
technically possible to control
e.g. ventilation, heating and
power. A wireless network of
sensors has been set up in
EnergyFlexHouse to register
the indoor climate and energy
consumption along with intel-
ligent centralised control of
heating systems, ventilation
systems and energy-consum-
ing components in interaction
with user behaviour. In addi-
tion, a system for visualisation
of indoor climate and con-
sumption will be established.

The innovation project

ocuses on:

1. Models and parameters
for optimum control
of indoor climate and
energy consumption

2. Various options for
user-driven installation of
control parameters

3. Analysis of energy
savings connected with
parameter changes

The co-operation partners in this
project are the Danish Electric-
ity Saving Trust and Electronic
Housekeeper.

8

INTERACTION BETWEEN
TECHNOLOGY, USE AND ENERGY
SYSTEM - TRANSPORTATION
USING RENEWABLE ENERGY

The transport industry is 99 % dependent on
fossil fuels, which among other things, entails
high CO, emissions and particle pollution. Bat-
tery Electric Vehicles (BEV) can utilise renewable
energy from wind turbines and photovoltaic cells.
In addition, electric vehicles are comparatively
noiseless and emission-free and they utilise the
energy much better than traditional vehicles.

During non-windy and cloudy periods the battery
is charged using standard electricity from the
grid. The energy potential of the electric vehicle
can be increased if the energy in the vehicle’s
battery periodically is returned to the power grid,
which is known as “Vehicle to Grid” = V2G.

EnergyFlexFamily has a Fiat Panda electric vehi-
cle with a battery capacity of 140 km. The photo-
voltaic cells of the building have the capacity to
supply energy to the building as well as to the
vehicle. The photovoltaic cells deliver electricity
for direct consumption to the grid, the vehicle’s
battery or to a battery installed in the house.

A control system determines if the electric vehicle
is to be charged from the battery in the house or
the power grid.

The innovation project focuses on:

1. Family EV powered by photovoltaic cells

2. Intelligent charging of the EV

3. Storing electricity in the battery installed
in the house

4. Vehicle to Grid (V2G)

The co-operation partners in this project are the Danish
Energy Agency, Gaia Solar A/S and Lithium Balance A/S.

9
PLUG-AND-PLAY
LOW-ENERGY
INSTALLATIONS

Demands for cost-effective
minimisation of energy con-
sumption in new and existing
buildings make it necessary
to re-think the installations

of the building. The areas in
question should be regarded
as a whole and optimised in
complete flexible package so-
lutions that fulfil the demands
for energy efficiency, industri-
alisation, quick and simple in-
stallation and easy servicing.
The solutions should be cost-
effective in the production, as
well as in the implementation
and operating phases.

EnergyFlexHouse utilizes a

combination of:

7 Heat pumps

7 Solar heating systems and
photovoltaic cells

7 District heating, micro
CHPs or gas boilers

7 Ventilation systems with
heat recovery

Y Floor heating or radiators

The innovation project

focuses on:

1. Outlining system
solutions for typical
building models and
energy consumption

2. Selection of 2-4 system
solutions and determina-
tion of system variations
(heat, ventilation, cooling,
solar heat, photovoltaic
cells, radiator/floor heat-
ing/air heating)

3. Specifying the concept for
package solutions (pro-
duction, marketing, instal-
lation, service)

4. Development and testing
of prototypes

The co-operation partners in this
project are SolarCAP A/S and
Danfoss A/S.
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IDE -
WORK-
SHOPS
- INNO-
VATION
CAMPS

| EnergyFlexHouse gen-
nemfgres kreative idé-work-
shops — innovation camps.
Her udvikles og formuleres
forsknings- og innovations-
projekter om fremtidens
integrerede energilgsninger
til bygninger.

Dette sker i et samarbejde
mellem forskere, ivaerksaet-

tere, producenter og brugere.

1 2009 afholdes 3 workshops
med temaerne:

< Boligen som energilager
— i hvilke sammenhange
kan hvilke lagringsmulig-
heder overvejes?

7 "Intelligent” energi-
udnyttelse
— hvordan optimeres
samspillet mellem bruger
og teknologi?

U Energiinstallationen anno

2015 - hvilke krav skal den

opfylde?

IDEA
WORKSHOPS

- INNOVATION
CAMPS

A number of creative idea workshops/innovation
camps will be carried out in EnergyFlexHouse.
This is where research and innovation projects
for future integrated energy solutions for build-
ings will be formulated and developed.

They will take place in co-operation with re-
searchers, entrepreneurs, manufacturers and
consumers.

In 2009, the following workshops will be arranged :

T The house as energy storage — under which
conditions can various storage possibilities be
considered?

7 “Intelligent” energy utilisation — how can
interaction between user and technology be
optimised?

' Energy installations in the year 2015 — what
demands shall they meet?
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SADAN ER
EnergyFlex-
House BYGGET

EnergyFlexHouse kan tilpasses og a&ndres til de
aktuelle udviklingsforlgb. Bygningsdele, kompo-
nenter og installationer kan udskiftes, tilpasses,
udbygges eller anvendes i en ny kombination.

De to bygninger kan ses som fleksible forsggsop-
stillinger, der kan aendres efter behov. Dette har
veeret et afggrende krav til konstruktionernes og
byggeriets udformning.

Bygningernes konstruktioner og installationer er
ved opfgrelsen i 2009 kort beskrevet nedenfor.
Som det fremgar, er byggeriet i fgrste fase pree-
get af de 10 fgrste innovationsforlgb.

BYGNINGERNES UDFORMNING

Hvert hus er udformet som en énfamiliebolig pa
200 m? brutto, i to etager med sadeltag. Bygnin-
gernes tagflader er orienteret mod syd og nord.

| gverste etage fglger loftet speerrerne, dog er der
etableret et teknikloft mod nord til bl.a. ventilati-
onssystemer. Stueetagen indeholder 4 veerelser:
Side-by-side-rum, to baderum samt et bryggers/
teknikrum. Rummene samles af en langsgaende
gang, der i begge ender abner sig mod 1. sal.

Pa 1. sal findes et stort feelles opholdsareal med
fritiggende kgkken og udgang til en gstvendt
terrasse og en vestvendt altan. Bygningerne har

store vinduesarealer bade mod syd, gst og vest.
Desuden har bygningerne ovenlys.

THIS IS HOW
EnergyFlex-
House IS
CONSTRUCTED

EnergyFlexHouse can be adapted and changed
in line with existing development conditions.
Building components, component parts and

installations can be changed,
adapted, extended or used in
new combinations. The two
buildings can be seen as flex-
ible experimental set-ups that
can be adapted according to
requirements. That has been
a crucial point when design-
ing the building.

During construction in 2009,
the design and installation of
the building work was briefly
described — and as appears
below, construction is charac-
terised by the current devel-
opment conditions.

DESIGN OF THE
BUILDINGS

Each house is designed as

a single-family house with

a total floorage of 200 m2 in
two storeys with a pitched
roof. The roof of the build-
ings face north and south. On
the upper floor, the ceiling

is slanted in line with the
beams. However, a technol-
ogy loft has been established
to the north, i.a. for the ven-
tilation systems. The ground
floor consists of two pairs

of side-by-side rooms, two
bathrooms and a utility/tech-
nology room. The rooms are
connected by a longitudinal
corridor, both ends of which
open to the first floor.

There is a large common
lounge area on the first floor
with a separate kitchen and
access to a terrace facing east
and a balcony facing west.
The buildings have large win-
dows on the south, east and
west. The buildings also have
skylights.
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7

EnergyFlexHouse er opfgrt af
Teknologisk Institut. Henning
Larsen Architects er arkitek-
ter pa bebyggelsen, mens
Enemaerke & Petersen a/s er
hovedentreprendgrer.

Byggeriet startede i efter-
aret 2008. Der har ikke veeret
pauser i byggeriet i hele byg-

geperioden. Vinterens regn
og kulde blev effektivt holdt
ude af to totaloverdeekninger,
som gav en effektiv beskyt-
telse af bade bygninger og
handveerkere.

Den 11. december 2008 var
der rejsegilde pa Energy-
FlexHouse. Det blev markeret
med en minikonference om
EnergyFlexHouse’s baggrund,
formal og perspektiver samt
et traditionelt rejsegilde med
@l og rgde pglser.

Sidste arbejdstime pa selve
byggeriet blev anvendt i juli
2009. | september tages
husene i brug - og sa skal
EnergyFlexHouse Igbende
"levere varen” i fgrste
omgang indtil 2020.
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EnergyFlexHouse was cre-
ated by Danish Technological
] Institute. Henning Larsen
; Architects is the architectural
firm of the building, and
Enemazerke & Petersen a/s is
the general contractor.

- Tm Construction work started in
= ' : _@1 1 the autumn of 2008. There
L were no breaks in the con-
struction work at any time
h during the building period.
Rain and cold during winter
were efficiently kept at bay
by two covers that efficiently
protected the building and
the workmen.

The “roof tree” was put up
on EnergyFlexHouse on

11 December 2008. That
was celebrated with a mini
conference describing the
background, objectives and
perspectives of Energy-
FlexHouse and a traditional
Danish topping-out party was
also held with beer and red
sausages.

The last working hour spent
on actual construction work
took place in July 2009.

In September the “real
work” will start up. Energy-
FlexHouse will continue “to
deliver the goods”, at first up
to year 2020.

SADAN ER
ENERGYFLEXHOUSE
BYGGET

THIS IS HOW
ENERGYFLEXHOUSE
IS CONSTRUCTED
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EnergyFlexLab er en "skra-
bet”, men mere fleksibel
version af EnergyFlexFamily.
EnergyFlexLab er udelukken-
de en facilitet til teknologiud-
vikling. Bryggerset anvendes
udelukkende til teknik. Der er
desuden store vandrette og
lodrette installationsskakte til
teknikhemsen (det halve tag-
rum mod nord) til fremfgring
af installationer og teknik.

Side-by-side-rummene giver
som naevnt mulighed for
sammenlignende forsgg.

| EnergyFlexLab kan de to
etager energimaessigt set
adskilles, sa der kan udfgres
fors@g samlet for en etage.
Endelig kan der gennemfg-
res forsgg omfattende hele
bygningen.

KLIMASKARMEN

Bygningerne er som ud-
gangspunkt udfgrt svarende
til lavenergi klasse 1, men
kan som neevnt eendres til de
aktuelle BR-krav eller til BR
77-kravene.

Der er valgt et let byggesystem baseret pa Kerto-
speer. Der er 500 mm mineraluld i ydervaegge,
500 mm mineraluld i taget og 400 mm polystyren
i terreendeekket.

Den damptaette membran er placeret ca. 50 mm
inde i konstruktionen, saledes at den ikke bliver
gdelagt af sem skruer o.l. Tagkonstruktionen er
bekleedt med tagpap, som er underlag for be-
kleedningsplader mod nord og integrerede
solceller og solfangere mod syd.

VINDUER

Vinduerne i begge huse har 3 lag glas. Hulrum-
met mellem glassene i ruderne er fyldt op med
gasarten krypton, som isolerer bedre end almin-
delig luft.

Vinduerne i EnergyFlexLab og EnergyFlexFamily
er forskellige — men fra samme leverandgr.

| EnergyFlexLab er det leverandgrens mest
energirigtige vindue pa markedet i dag. Vinduet
er en kombination af tree og aluminium, med
aluminium pa ydersiden og tree pa indersiden.

Vinduer i EnergyFlexFamily er endnu ikke pa
markedet. Vinduernes karme og rammer er frem-
stillet af et kompositmateriale, som minder om
glasfiber.

Klimaskaermen i Energy-
FlexHouse kan sendres sdledes
at den kan opfylde forskellige
isoleringsstandarder.

The building envelope of Energy-
FlexHouse can be adapted to
various insulation standards.
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SADAN ER
ENERGYFLEXHOUSE
BYGGET

THIS IS HOW
ENERGYFLEXHOUSE
IS CONSTRUCTED

EnergyFlexLab is a “no-frills”
version of EnergyFlexFamily.
EnergyFlexLab is solely a
facility for technology devel-
opment. The utility room is
solely used for technology. In
addition, there are large hori-
zontal and vertical installation
shafts for the technology loft
(the half loft room on the
north) for feed of installations
and technology.

As mentioned, the side-by-
side rooms allow for compar-
ative testing. The two storeys
of EnergyFlexLab can be
separated for energy-related
purposes, so overall tests can
be carried out for one floor.
Ultimately, tests covering the
entire building can also be
carried out.

BUILDING ENVELOPE

The buildings were originally
constructed according to
low-energy class 1, but can
be changed according to the
current building regulations
or to the building regulations
from 1977.

A simple construction system
based on Kerto beams was
selected. 500 mm mineral
wool has been placed in the
exterior walls, 500 mm min-
eral wool in the roof and 400
mm polystyrene has been
placed in the floor bed. The
vapour-proof membrane is
placed app. 50 mm inside the
building so it is not damaged



by screws etc. The roof de-
sign is covered with roof felt,
which is an underlay for fac-
ing sheets on the north side,
and integrated photovoltaic
cells and solar collectors on
the south side.

WINDOWS

The windows in both houses
have tripple glazing. The
spaces between the layers of
glass are filled with krypton
gas, which insulates better
than normal air.

The windows in EnergyFlex-
Lab and EnergyFlexFamily
differ, but have been provid-
ed by the same supplier.

EnergyFlexLab uses the sup-
plier's most energy-friendly
window available today. The
window is a combination of
wood and aluminium, with
aluminium on the outside
and wood on the inside.

The windows in Energy-
FlexFamily are not yet on the
market. The window sills and
frames are made of a com-
posite material that is similar
to glass fibre.

EnergyFlexHouse kan tilpas-
ses og aendres til de aktuelle
udviklingsforlgb. Bygningsdele,
komponenter og installationer
kan udskiftes, tilpasses, ud-
bygges eller anvendes i en ny
kombination.

EnergyFlexHouse can be adapted
and changed in line with existing

development conditions. Building
components, component parts
and installations can be changed,
adapted, extended or used in
new combinations.
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TATHED

Alle samlinger i klimaskeer-
men er omhyggeligt forseg-
lede. En seerlig test har vist at
husenes er meget teette.
Teetheden af Energy-
FlexHouse er vaesentlig for

at sikre de bedste resultater,
specielt i forbindelse med
mekanisk ventilation med
varmegenvinding.

VARMEPUMPER

EnergyFlexLab er udsty-

ret med en jord-til-vand
varmepumpe, der leverer
opvarmning og brugsvand.
EnergyFlexFamily har en
varmepumpel@sning, der
kombinerer en boligventi-
lationsvarmepumpe og en
minivarmepumpe. Herudover
er der etableret mulighed for
at benytte en raekke varme-
pumpelgsninger, der bl.a. kan
forsynes fra jordslangerne.
Varmepumperne kan tilsluttes
radiatoranlaeg, gulvvarme-
anlaeg, ventilationsanlaeg og
varmelager.

SOLENERGI

EnergyFlexHouse er udstyret
med solceller og solvarme-
anlaeg pa husenes sydvendte
tagflader.

SOLCELLER

EnergyFlexLab har et solcel-
leareal pa 39 m2. Her vil der
kunne produceres omkring
5.900 kWh om aret.

EnergyFlexFamily’s solcelle-
areal er pa 58 m2. Solcellerne
forventes her at producere
9.600 kWh pr. ar. Solcellerne
er nettilsluttede, saledes

at bygningerne kan levere

og modtage elektricitet fra
elnettet, der her i princippet
fungerer som lager.

SOLVARMEANLAG

EnergyFlexLab har et solfangerareal pa 12,9 m2,
mens EnergyFlexFamily har et areal 4,8 m2. Sol-
varmeanlaeggene kan tilsluttes husenes brugs-
vandsopvarmning, rumopvarmning eller varme-
lager/buffertank.

TIGHTNESS

All joints in the building envelope have been
carefully sealed. A special test has shown that
the houses are very tight. The tightness of En-
ergyFlexHouse is important in order to ensure
the best results, particularly in connection with
mechanical ventilation and heat recovery.

HEAT PUMPS

EnergyFlexLab is equipped with an earth to
water heat pump, which together with the solar
panels supplies heat and domestic water. En-
ergyFlexFamily has a heat pump solution that
combines a heat pump/ventilation system with
a ground heat pump. It is also possible to use a
number of heat pump solutions that can be pro-
vided e.g. from the three ground coils. The heat
pumps can be connected to radiator systems,

floor heating systems, ventilation systems or heat

storages.

PHOTOVOLTAIC CELLS

EnergyFlexLab has a photovoltaic cell area of 39
m2. Approximately 5,900 kWh will be produced
per year. The photovoltaic cell area of Energy-
FlexFamily is 58 m2. These photovoltaic cells are
expected to produce 9,600 kWh per year. The
photovoltaic cells are connected to the national
grid so the buildings can supply and collect
energy from the power grid, which in principle
works as storage.

SOLAR HEATING SYSTEM

EnergyFlexLab has a solar collector area of 12.9

m2, while EnergyFlexFamily has an area of 4.8 m2.

The solar heating systems can be connected to
the domestic water heating of the houses, space
heating or heat storage/buffer tanks.
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THIS IS HOW
ENERGYFLEXHOUSE
IS CONSTRUCTED



Tagkonstruktionen er beklaedt
med tagpap. Det feerdige tag er
underlag for beklsedningsplader
mod nord og integrerede solcel-
ler og solfangere mod syd.

The roof design is covered with
roof felt; the finished roof is an

underlay for facing sheets on the

north side, and integrated photo-
voltaic cells and solar collectors
on the south.




VARMEKILDER

EnergyFlexHouse opfdres
med varmepumpelgsninger,
men kan let sendres til en
fjernvarmelgsning, eller for-
syning fra oliekedel, gaskedel
eller mikrokraftvarme.

LOKALT
FJERNVARMENET

Der er etableret et lokalt
fjernvarmenet fra en mindre
varmecentral i bebyggelsens
udkant. Nettet omfatter to
szt ledninger, saledes at
systemet giver mulighed for
at arbejde med energiopti-
mal drift af bade traditionelle
systemer og lavtemperatur-
systemer. Fjernvarmenettet
giver desuden mulighed for
at eksperimentere med trans-
port af varme fra bygning til
bygning og med energilag-
ring i flernvarmenettet.

VARMEFORDELENDE
SYSTEMER

EnergyFlexHouse er opfgrt
med flere varmefordelings-
systemer, der kan anvendes
enkeltvis eller i kombination.
Der er saledes gulvvarme,
radiatorer langs yderveeg-
gene, radiatorer langs inder-
veeggene og ventilationsvar-
meflade.

Fordelingssystemerne kan
operere med forskellige
fremlgbstemperatur og kan
kombineres med forskel-
lige varmekilder, s& de mest
energieffektive Igsninger kan
sammensaettes.

GULVVARME

Der er i hvert hus installeret separate gulvvar-
mekredse til hvert rum — 10 i alt. Systemet er
dimensioneret efter en lav fremlgbstemperatur
og en lille afkgling. Dette er bade for at mindske
ugnsket varmetab i fordelingsrgrene og for at
temperaturen pa gulvet skal vaere behagelig.

En lav fremlgbstemperatur giver mulighed for at
anvende lavtemperaturfjernvarme eller for ener-
gieffektive varmepumpelgsninger, evt. i kombina-
tion med solvarme.

RADIATORER

| EnergyFlexHouse er der to radiatorsystemer

— et traditionelt system, hvor radiatorerne er
placeret langs ydervaeggene og under vinduer og
et mere utraditionelt system, hvor radiatorerne er
placeret langs indervaeggene. Radiatorerne ved
indervaegge giver kortere rgrtraek, mindre tryktab
i systemet og mindre ugnsket varmeafgivelse i
fordelingsrgrene. Til gengeeld gger det risikoen
for traek, hvis vinduerne er for darlige.

VENTILATION

EnergyFlexHouse har mekanisk ventilation i
begge huse samt naturlig ventilation og hybrid
ventilation i EnergyFlexLab.

MEKANISK VENTILATION

Begge huse har et mekanisk ventilationsanlaeg
med hgj varmegenvinding og lavt elforbrug.

Der er mulighed for at placere ventilationsaggre-
gaterne to steder i husene, enten pa teknik-
hemsen eller i teknikrummet/bryggerset.
Placeringen er vaesentlig for energiforbruget,

for anlaegsudgiften og for serviceringen.

Systemet af ventilationskanaler giver mulighed
for indblaesning og udsugning i samtlige rum.
Desuden er der mulighed for individuel regule-
ring af luftmaengden til de enkelte rum.

Dette giver et helt unikt grundlag for at arbejde
med behovsstyret ventilation i familieboliger.
Det giver ogsa mulighed for at gennemfgre
forsgg og udviklingsopgaver med varmeflader i
ventilationssystemet til rumopvarmning.
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NATURLIG
VENTILATION

Det er ogsd muligt at ventile-
re huset naturligt - uden me-
kanisk ventilation. Den friske
luft kommer ind via ventiler i
ydervaegge og ventileres ud
via aftraekskanaler gennem
tagfladen.

HYBRIDVENTILATION

Da der bade er et mekanisk
og et naturligt ventilationssy-
stem, kan man ogsa arbejde
med hybridventilation. Hybrid-
ventilation kan reducere
energiforbruget til ventilation,
hvis der anvendes mekanisk
ventilation med varme-
genvinding om vinteren og
naturlig ventilation om som-
meren, hvor der ikke er behov
for varmegenvinding.

SADAN ER
ENERGYFLEXHOUSE
BYGGET

THIS IS HOW
ENERGYFLEXHOUSE
IS CONSTRUCTED



HEAT SOURCES

EnergyFlexHouse has been
built with heat pump solu-
tions, but can easily be
changed to a district heating
solution, or supply from oil
boilers, gas boilers or micro-
cogeneration.

LOCAL DISTRICT
HEATING SYSTEM

A local district heating sys-
tem has been set up between
the two houses and a smaller
external heat station set

up on the periphery of the
building. The system consists
of two sets of cables so the
system allows for energy
optimising operations of the
traditional systems and the
low-temperature systems.
The district heating system
also allows for experiment-
ing with the transportation

of heat from one building to
the other and with energy
storage in the district heating
system.

HEAT DISTRIBUTION
SYSTEMS

It is possible to distribute
heat in EnergyFlexHouse
through floor heating,
radiators located along the
exterior walls or in the centre
of the building, or by ventila-
tion. EnergyFlexHouse has
been created with several
heat distribution systems
that can be used individually
or in combination. They are
floor heating, radiators along
exterior walls, radiators along
interior walls and ventilating
heat coils.

The distribution systems can
operate with different supply
temperatures and can be

combined with different heat

sources so the most energy efficient solutions
can be created.

FLOOR HEATING

Ten separate floor heating circuits — one for every
room - have been installed in each house. The
system is dimensioned according to a low supply
temperature and minor cooling. This is to reduce
unwanted heat losses in the distribution pipes
and to ensure a comfortable floor temperature.

A low supply temperature allows for use of low
temperature district heating or energy efficient
heat pump solutions, possibly in combination
with solar heat.

RADIATORS

There are two radiator systems in EnergyFlex-
House; one traditional system where the radiators
are placed along the exterior walls and under the
windows, and a less traditional system where the
radiators are placed along the interior walls. Ra-
diators along the interior walls give shorter tube
drawing, reduced pressure loss in the system and
less unwanted emission of heat in the distribution

pipes.

VENTILATION

EnergyFlexHouse has mechanical ventilation in
both houses as well as natural ventilation and
hybrid ventilation in EnergyFlexLab.

MECHANICAL VENTILATION

Both houses have a mechanical ventilation sys-
tem with a high level of heat recovery and low
electricity consumption.

It is possible to place the ventilation units in two
locations in the houses, either in the technology
loft room or in the technology/utility room.

The location is important with regard to energy
consumption, system costs and servicing.

The system of ventilation channels allows for air
intake and exhaust in all rooms. It is also possible
to individually adjust the amount of air in each
room. This gives a completely unique foundation
for working with demand-controlled ventilation in
family homes. It also provides the opportunity to
carry out tests and development tasks using heat
coils in the ventilation system for space heating.

NATURAL
VENTILATION

It is also possible to ventilate
the house naturally, i.e. with-
out mechanical ventilation.
Fresh air comes in through
vents in the exterior walls
and is exhausted through
channels in the roof.

HYBRID VENTILATION

As the building has mechani-
cal as well as natural ventila-
tion systems it is possible

to work with hybrid ventila-
tion. Hybrid ventilation can
reduce energy consumption
for ventilation, if mechanical
ventilation with heat recovery
is used during winter and
natural ventilation is used
during summer when there is
no need for heat recovery.
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BRUGSVANDS-
INSTALLATIONEN

| lavenergibyggeri, udggr
energiforbruget til brugs-
vandsopvarmning en vae-
sentlig del af hele energi-
forbruget til opvarmning.

| EnergyFlexHouse er tap-
pestederne for varmt vand
placeret spredt, hvilket er en
udfordring i forbindelse med
minimering af varmetab.

Brugsvandssystemerne i
EnergyFlexHouse kan anven-
des med eller uden cirkulati-
on. | EnergyFlexFamily er cir-
kulationssystemet udfgrt med
et dobbeltrgr, hvor returrgret
er placeret inde i fremlgbsrg-
ret. P4 denne made mindskes
laengden af rgrtraekket og der
vil kun veere varmetab fra ét
rar.

STYRING OG
REGULERING

En stor del af fremtidens
energibesparelser findes i
Igsninger, hvor samspillet
mellem installationer, byg-
ning, bruger og energi-
system fungerer optimalt.
Dette stiller store krav til
styring og regulering og
fordrer desuden at sty-
ringsniveauet haeves fra
enkeltsystem til overord-
net totalniveau. Dette er et
kardinalpunkt for Energy-
FlexHouse.

Som udgangspunkt instal-
leres komponenterne og
systemerne med deres egen
styring. Dermed kortlaeg-
ges det hvordan huset som
"standard”-installation vil
fungere i energi- og inde-
klimamaessig sammenhang.
Efterfdlgende styres syste-
merne samlet ud fra en over-
ordnet styringsstrategi, som
skal tilvejebringe optimale
energi- og indeklimaforhold.

ELINSTALLATION

En af de spaendende muligheder inden for ener-
gibesparelser kaldes "home automation”. Her
fungerer elinstallationen som en intelligent og
hjeelpende hand. EnergyFlexFamily er forsynet

"

med en reekke systemer til “home automation”.

DOMESTIC WATER INSTALLATION

In low-energy buildings, energy consumption for
heating domestic hot water makes up a signifi-
cant part of the total energy consumption for
heating. The hot water drawing points are located
at various points in EnergyFlexHouse which
provides a challenge when it comes to minimis-
ing heat loss. The domestic water systems in
EnergyFlexHouse can be used with or without
circulation.

The circulation system in EnergyFlexFamily has
been constructed with a double pipe, where the
return pipe is located inside the supply pipe.
In that way, the length of the tube drawing is
reduced and heat loss will only occur from one

pipe.

CONTROL AND ADJUSTMENT

A large proportion of future energy savings can
be found in solutions where interaction between
installations, buildings, users and energy systems
all function optimally. That places high demands
on control and regulation and also requires the
control level to be increased from single systems
to an overall total level. That is one of the crucial
points in EnergyFlexHouse.

Components and systems are originally installed
with individual control. In that way, it is possible
to determine how the house will function from
an energy and indoor climate point of view with
“standard” installations. Subsequently, the sys-
tems are controlled collectively under a complete
control strategy, which should produce optimum
energy and indoor climate conditions.

POWER INSTALLATION

One of the most interesting possibilities within
energy saving is called “home automation”. The
power installation functions as an intelligent and
helping hand. EnergyFlexFamily is equipped with
a number of systems for “home automation”.
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SADAN ER
ENERGYFLEXHOUSE
BYGGET

THIS IS HOW
ENERGYFLEXHOUSE
IS CONSTRUCTED
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Der er mekanisk ventilation

i bade EnergyFlexLab og
EnergyFlexFamily. Der kan
desuden etableres naturlig
ventilation og hybrid ventilation.

Mechanical ventilation is fitted
in both EnergyFlexLab and
EnergyFlexFamily. Natural
ventilation and hybrid ventilation
can also be fitted.
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EnergyFlexHouse er byg-
get pa Teknologisk Institut i
Taastrup.

Kortet nedenfor viser

vejen. Pa www.teknologisk.
dk/22926,3 vises vejen fra et
vilkarligt sted til Teknologisk
Institut.

C

TEKNOLOGISK e
INSTITUT -7

EnergyFlexHouse has been
built on the premises of
Danish Technological Institute
in Taastrup, Denmark.

The map below shows you
how to get there. At www.
dti.dk/23797,2 you can find
your way from any loca-
tion to Danish Technological
Institute.

SPONSORER
OG INTERESSENTER

SPONSORS AND
PARTNERS

Alfabetisk
In alphabetical order

HER LIGGER
EnergyFlexHouse

FIND YOUR WAY TO
EnergyFlexHouse
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TEKNOLOGISK INSTITUT

Teknologisk Institut udvikler,
anvender og formidler tek-
nologibaseret viden til dansk
erhvervsliv. Instituttet tilbyder
ogsa radgivnings- og stan-
dardiseringsaktiviteter, der
medvirker til dynamisk og
harmonisk  samfundsudvik-
ling. Endelig styrker Tekno-
logisk Institut kompetencer i
private og offentlige virksom-
heder gennem kursus-, cer-
tificerings- og foredragsvirk-
somhed. Teknologisk Instituts
vigtigste opgave er at sikre, at
ny viden og teknologi hurtigt
kan omseettes til veerdi for vo-
res kunder i form af nye eller
forbedrede produkter, mate-
rialer, processer, metoder og
organisationsformer.

HENNING LARSEN
ARCHITECTS

Henning Larsen Architects er
et internationalt arkitektfirma
med steerke skandinaviske
rgdder. Firmaets mal er at ud-
forme de fysiske omgivelser -
fra byplan, byrum og bygnin-
ger til komponentdesign og
mgbler - pa en sddan made, at
brugeren far et beeredygtigt,
oplevelsesrigt og funktionelt
robust design. Med naesten 50
ars historie har Henning Lar-
sen Architects udviklet et ind-
gaende kendskab til det sam-
lede professionelle spektrum
— fra idé- og konceptudvikling
til projektering, fagtilsyn og
byggeledelse. Firmaets viden
og kompetencer udvikles |-
bende gennem nye projekter
og i mgdet med samarbejds-
partnere, eksperter og specia-
lister fra hele verden.

FORSKNINGS- OG
INNOVATIONSSTYRELSEN
Udviklingsforlgbene i Energy-
FlexHouse medfinansieres af
Forsknings- og Innovations-
styrelsen i 2009 og 2010.

DANISH TECHNOLOGICAL INSTITUTE

Danish Technological Institute develops and pro-
vides technology-based expertise to the Danish
industry. The Institute also offers consultancy
and standardisation services which contribute
to dynamic, harmonious social development. Fi-
nally, Danish Technological Institute strengthens
competences at private and public companies
and organisations through courses, certification
and lectures. The most important task of Danish
Technological Institute is to ensure that new ex-
pertise and technology can quickly be converted
into value for our customers in the form of new
or improved products, materials, processes, meth-
ods and organisation types.

HENNING LARSEN ARCHITECTS

Henning Larsen Architects is an international ar-
chitecture company with strong Scandinavian
roots. With almost 50 years of experience, the
company has developed a thorough insight into
the dynamics of a building design and its interplay
with the surroundings. Henning Larsen Architects
employs a total of 150 people representing 12 dif-
ferent countries. Combining their managerial skills
within finance, sustainability and user knowledge,
the company exploits a yearlong practical experi-
ence concerning the effect of shapes, colours, ma-
terials and daylight. Situation and context play a
major role in the company’s work, and the projects
are often carried out in cooperation with highly
skilled international consultants sharing the com-
mon effort to achieve the best possible quality in
all parts of the design. This value-based approach
is key to the design of numerous building projects
around the world - from complex masterplans to
successful architectural landmarks.

THE DANISH AGENCY FOR SCIENCE,
TECHNOLOGY AND INNOVATION

The development activities planned for 2009 and
2010 are cofinanced by The Danish Agency for
Science, Technology and Innovation. The Danish
Agency for Science, Technology and Innovation
is an institution under the Danish Ministry of Sci-
ence, Technology and Innovation.
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Gregersensvej
DK-2630 Taastrup

Tel +45 72 20 20 00
Fax +45 72 2020 19
info@teknologisk.dk

www.teknologisk.dk
www.dti.dk




