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THE SEVENffi LOI{.ENERGY HOIISE AT HJORTEK'R,,

BJatne Saxhof
thermal Insulatlon LabolatorY

Technlcsl llnlvetelty of Dennark
LYnßbY, Dennark

Based on rhe expetlence g4lned from the elx houeee hullt tn 1.978-79 as
part of Ehe flls¡ Low-Energy Houae PfoJect funded by the Danleh Hinletry of
Energy, a nen conservatlon houec hae been deefgned and bullt at llJortckær
durlng 1984 (conpleted ln February 1C85). The house hae been buflt by Kn

Kredltforenfnßen Danmark (a rnaJor Danleh credlt aa¡ocfaÈ1on) ln collabota-
tlon wfrh Thermal Ineulatlon Laboratoty, KD havlng flnanced the ereetlon of
the house. Ae before, lhe project nanagemenÈ te cerrled out by the Ther¡¡l
lneu I at f on Laboratoty.

ob.'lectlve of the ProJect

A co¡non denomlnator fot the flret slx houeee was the declrc for an
extremely low energy consu¡nptlon (5000 ktth/year) for heatlng, vcntllatfon
anrl doneetlc hot ¡¡ater wlÈhout any ¡educÈlon of the deûands to fndoo¡ cll-
nate and Èhermal confort. In thle '2nd ßeneratfon- lor-energy house note
ernphaels hee been placed on !he coet-effecÈlveneee of the epplled energy
eeving technlquee (the achlevenent of a balance beteeen Èhe noncy value of
the energy savlnge and Èhe necessary urarglnal lnvestment), and oote atten-
tlon has been glven to heatlng co6t than Èo the kllh-denand. Fowever, the
cotreepondlng calculated annual enefBy conaumptlon ln the nen houee doee not
exceed 6500 kl{h. FuEthernore, the house ehould have e heatlng and ventlla-
tton eystern deelßned and operated accordlng to the lon heat deurand theÈ ls
chåracterfstlc for a lov-energy houee. It should eg be enphaelzed thet thê
heatlng syeten ts turned off completely when there ls no heat deoand.

Ae a consequence of thls the naln feaÈutes of the house are:

l) o hlshly lneulated and very allttght Bhe¡mal envelope
2) a fafrly alnple qulcklv teepondfn¡ heatlng systen.

Genet al Deectlotlon

The houee le-deÈached end one-storeyed, wlth a bullt-up area of f21 t2.
IÈ hee a Írsln Bectlon and tr¡o smaller seetfona at allghtly lowi¡ teveltr ell
floorc befng elab-on-gtound conetructlons (Fln. 1). The ehape of the housc
(an lrregular L-shape wlth a elopln¡ celllng) le detctolned f¡orn atchttec-
tural rather than energy eavlng coosfderatton8 - the lnfluenc. on thc annurl
heat deoand haa been celculsted and le found to be an lncrettG of 7-82 coo-
pered to s conventlonal .rectanßular hou¡c tnsulated ln thc !ânc T¡y.



256

Thfe house hae been bullt on qlte as cradlÈlonal craftnanshlp, buÈ the
type eas deslgned for - aÈ leaat patÈtal - consÈructfon from prefabrlcated
bullrltng unlÈe.
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Pfg. l. House G. Floor,plan and secÈfqn.í
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Ener Ry Savlnc Heaaùiäe'-

Àe ln the flr*,Gltsir, loe-ener,8y
heavlÌy lnaulated coneÈ.f¡¡ct1on8 and
cold brid8ee. Speclal¡ loporÈance. has.
of the-. f heroal envçlqpe.,...4,, b¡lanced
alr exc,han8e, arxü Ehe t-i.qhç¡¡ess of t

¡:ì; ¡tÈhe l¡è¡t,,recoveçJ on che exhpuet-atr popetble.

HoBt of the glazed area ts placed ln the south elåúatlon. To achfeve
the beat uclllzatlon of the solar heat galn double glazed sealed unfts have
been chogen for the r¡lndove ln coçþtr¡ptlon plth lnsulatlng shutters to mfn-

; tùtze,':lhc *reat' lope du¡:lng.1tþp nlgþ[. A logfi,ovethang to the eouth procecE€¡

the roooa å8eln6t overheaElns ln the sunD€r.
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^-. "r , .ïl,"ôóìict'etc (caet on elte) and ettheri 22 un f loorboerde on 75x50 m f loor
I Jotets on chocks or 100 ol poly-atyrene lneulatlon ufth 70 E concrete (rrfth
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enbedded elecÈrlc floot "Heatlng ln entÌance room and bachroom) and I5 m
floot tlles 

i 
.' 
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The exte¡1or walls are hullt ae double walls, ¡"urngt'('rrra.o fron the
lnEerlor) 100 rnm load-bearfng wall units of aeraÈed concrete, 10GllO0 m
mfneral wool, 50x100 drii studshlrlth r10O no ofneral wool, buÈ wlthout lnter-
tles, t2 n¡¡ asphalt lmpregnaEed wood ffbre hoerd, 50xl0o mr lethe and
ftnally boardfng or an aebes¡oe cenfi,Hhusheet facing.
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mm rall unlta.

'" 4 úi .v::. j00 e beaos ( two
lacfr thus ctlon) spaced
out nera f theee the¡e
are rm g the rsfters
and flna1ly corrugaÈed roofTng Bheets on laÈhsJ Beneath the raftera are

ofneral wool, 0.2 mm polythene, further 5Ox50 m
lB * tfotn"rdtrÞwoolr, and f lnally elther cell1ng

'ìtt

50xt0.mrn*l låths hrf th 50 mm

fntersectlng lathe wfth
boards or gypeurn panels.

Àvoidance of Thetnal Brldges
it : J tr
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Ih ttiË fòunðätloh th'É- use oF,léxFbrided clay concrete, the lneulated
sandnlch' tcel petfne-
ter tnó[¡l oE the foun-
datton) ,f brldge. In
a recehtt' efetence ¡las
found to have à (t¡ròsdfnenslonätÐ" of 4.8 Vlu,2
floor area.
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The e¡,Èerlor walls are ln prlnctple wlthouc. thermal.'bridges as Èhe

toad-bearlnj ..aeraced concrere ujatl ,{s scpa'rated f rom the .o.u¡er, wood fraue

wlfh 200 nm-*tneral wool - the wood frame ts attached to Èhe rafters and Lo

in"."a.ï teâf of rhe san'dr¡tch foundat,lon. A mlnor (lnst'gnlftcanl) fhermal

brldse occurs aÈ lhe wlnd'ow' antt doo'Ë aperEures, but tË ts- lf.mlted to Èhe

.uuiãg an¿ å 5 mn plywôod board'(cf nfg; 3)' 'ì

In the'rooI there are no cold bridges of any slgniflcance because of

the h,eb place of rhe R|,1 beam belng very thln (6 mn) and made of wood flbre
boa rrl. I

Alr T1 tness

The al r t ighÈness of the bulldtng envelope 1s achleved Ehrough Èhe

u,rlvchene'u.po.rr* barrler in the cê'lltng, the puttered and palnCed lnEerlor
,,_rpiu." o,i rtìu r".rt"d òoncre!e walIs, Èhe concrere'f loor, and alrttght con-

nect lons beEweÈn jotirlng construcÈton members (le celllnS/wall, wall/floor
erc). " r;r:' I

1s well ProEected beÈween the
een the PolYChene sheecs are

upperl laths. At the jolnlng of celllng
a6 :"exf er'lQr walls ) che sheets are

tface byleÌaEs çacked on to Èhe walls -
seallng r¡asElc ts applled Lo compensate for warplng'

F1g. 3 Ver!lcal sectlon chrough r¿all and

window, also showf ng a new slmP'l'e
type of manuallY oPeraced light-
welght tnsularlng shucÈers made

Êtom, standard wlndor¿ franes. The'
U-value of che r¿lndog ts reduced
fron 2.8 w/m2c (shutters oPen) co

0.ó tl/n2C (shuÈÈers closed).

i^9"r,rr

: As prevtousl.y rùentloned the'ttght'-
ness of the wall is ach!'äù.ed 

-Èhro-ugt-¡tuc=-

terlng and palnttng the lnterlor surface'
The puÈÈerlng along Èhe Eop and base nusÈ

be caçrled ouE early ln rhe butldtng pro-
cess È.o provlde the propéf 'bâêls fôr che

pqlythene sheet thaÈ 1s squeezed by slats
uäâîn"t the studs (and croes-bâre) and

Èhe puÈcered aerared concrele re6Pec-
q lryçfy (wlch Eåstlc ln between) ' The

lof nr beÈween rhe i.rlndow f raue-ra'nd the
poJ.ythene sheete ts eealed r,¡1Bh oastic'

I
I

I

!.¡,ú-.BIEn :¡,¿¡¿t!g.:':ir r*c'. :
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Pr ellnlnar Y Te6t Results

Someprellmlnarymeasurenentsofalrchangerateswe!ecarfledout
shortly before the håuse was compleÈed. The lnffltratlon raÈe wa' measu¡e¿

by the tracer gas deca.y,,methodr. and a seEles of pressurlzaclon Èe8t8 l¿es

carried out accordlng rá-the prtnclples outllned fn (2), but blowfng through

an afr duct (thus leavtng a1!. extertor doors 1n normal opelatlon), and at

.1oú pressure dlffetences only.., The results (Ffg.4) clearly ehow that the
,house must he consldered extremely alrtlght!,even when compated to the flfBt

, , ,-slx low-energy tro,r""", .A-F, ,(?):- wo specf f. lc alr leaks could be detected,
an¿ a compárison'to,.ihe Sttertatt/Ctfmsru¿ mQdel (3) shows. a gbod a¡rreement

r¿lth unlfotnlv dlst¡lbuted leakage årea'

The concfete slab (cast, on slte and vfhraÈed) rnakee up Èhe afrtlght
partofthefloot'cons¡r'ructlQn.TheatrtlghtconnectlÒnbetweenEhefloot
slab and the pu¡tered walle.-lC secured through a 350'rm Y¡fde strtp of eupple

bltunfnoue mlllhoard attache.d-,,to Èhe sutfacee wlth cuËhack along aIl exte-

rlbt salls and along Ehe,: f lr:st 0.-5. m of adJolnlng partltlon r¿alle' A con-

nectfng ptece of alrElghE'¡naterfai ¡1" n"c""""ry a9 tlte floor slab fs seDa-

taterl ffom Èhe waII base by 75 nn polysÈyrene lnsulatlon (cf Flg' 2)'
,l:

' :t'

Ftg. 4¡ Resulþs frofD,ilnflltratfon measurp.ment.and p;b6sûr12atton and deptes-
óurfzation tesÈs. Hous.e volume'26O rf-3. Ext afr'temperalute I C. Int
',dtr temperaEu.te ,17 q., Wfn¿ speed at bulldfng 3'6. n/ e' " Indf ces o, w,

'cranal f.siand¡ fot ove¡all, wallq, Sç1llng änd,flopr'
,;!. ,
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The Heatlng Ststem

In a lon-energy house lt ls extremely tmportant.that the heattnp svsterÍ
reåctB lrmnedfately to free heat ß,alns, eß solar lnput, to avolzl oúerheating
and to uclllze free heat to Èhe naxl.num extent. A pilot study (4) on the
effecÈ of an lmproved roon thermostaÈ for an alt heatlng systern ln one of
rhe ffrsÈ houses lndlcaced ,csnslderable energv savings (30-402). When the
verv low heaÈ demand of hoúse--C'1s consldered, a sirnple electrtc reststance
heattng sysEen u¡ould be the easfest Eo control and Ehe cheapesÈ to lnsÈa11.

For experlmental reasg¡", horç.r"t;¡ a dtfferent sysEem has.-been chosen -
a hydrontc Bystem where waCer f,rom a hofler dfstrlhutes the heaÈ Èo five
srrrall lndtvtdually. controlled. convector unlts fttted trnder sÈatlonary cup-
boards ulrh alr tnl,eÈs ln Èhe hase. The fans are nornally,, runnlng nolse-
leesly ac å reduced speed, thus havfng â porrer consumpÈlon of onlv 4-5 W.

,Throug,h a ewlt,ch control onr,€âch room .Çh.errnostat Èþe fans rnay be allowed to
run at fu,Ì1 e.peed for a declred quick, r,lse ln Èenperature. Return alr 1s
sucked through an I rnm rrlde rslot behtn<i" tlìe skf rtfnq boards along the exter-
nal ua1Is.

Tr¡o alternaÈtve heaÈ sources have been lnstalled for expet{mental rea-
sonB (Flg.5). The heaÈ le suoplled etther from a ll0 I elec¡rlc hot uater
holler (through an lrrrm€,r;sÊd hpat exchanger) or from a small gas boller r¡lth
eleccrlc lgnltfon and ö vèry'1ow lJacer contenE. The gas boller heaÈs Èhe hot
eater Èhrough the heat exchanger, le che hoÈ wster tank doubles as buffer
capaclty for the heatlng.., syistem. The gap hotler has so far been approved for
bottlecl gas only.o. In or,der. to kee.p the no-load tosaes as low as poeslble
the ope.raClng ternperaturerp, are !çept l-qu, and.the eupply llge recelvea lrårm
uater ú.rom,. Èhp nanf f old on-ly whlle Èhe room r,çqulres treatlng_t

I î-,f:i r'. I lrr\
L l',. rì!,

F1¡. 5,. Stmp'llf 1ed, df agram of heatl,qg qystÊm (1ef t),
' ;'.rj DovemenÈa ln , heatlng and vençllatton qysterq, (
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the heaÈ Bource of the hquee could, thus be an o11- or
d16trlct heattng aupplv, a heat punp or an electrlc
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The entrance room
scullery te noÈ heated.
by requeet of the owner
with a sr¡tvel damPer .

ì

the range'hóort ts
tnß che heat exchanger.
and when the hood ls not
exhaust afr duct.
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and bhe. haÈhroon have elecÈric floor heatlng - the
A ¡roodburnlnß sÈove ls fnetalled ln the tlvfng room

- lt has a seParate alr lntake that may be ahut off
jr *

sefaraÈed fron ''the veht.1,-latlon; 'eysEen to avô1d dlrty-
hhe hoo,t venttlaÈor .fs tufned oiff by a clme switch

dàèd a motorfzed Valve automatlcal!y cloees the
!;r

: | :I VentilatfonSystem' ;

: :a:
.) ! :, ':

A balanced rnechanlcal venEllatlon syst.eur wlth heat tecovery on Èhe

exhaust alr securee an alr!changè!'of apotOx',0.5 a.ê¡h. The freeh afr ls pte-
heaEed ln a counterflow plate iyÈe heat' exthanget wl'Èh an estlnåted annual

,-t';;;i;i"""y 'of ''75-802 .and fnJecte'd: under Èhe wooden f loore' The exhaugt 8fr
:niä sucked fron kltchen, scullery and ibath.roonr

:i r'Futur e Inüé'st

Referenceg

r' 1l ì

,1 lt: :'ll ìjll1,i:' :t'1ì,

The houee wftl be ré'¡eir¡ed for etüðf¡þe{¡ôfJsenerB.V; con8ut[þtl;orlrrr operatlng
condftlone, ther¡¡al coUfortletc for abotl't a year. The Thernal ilneulatlon
Laboratory "fe golng Èo celry oúte:deialled contlnuous in.easureoenta fox

""iã"i¿¿ 
íp"rioa"'"aãl laatlng'orlei montlí. Dtrrfng theee perlode the house

wtll be unoccupled, but a standard pettern of lnhabttancy w111 be elm¡lated'
In betneen the periods specfflc teete wfll be ca¡rled ouÈr eß Eeaaurenenta

\'' of lnsülattöñ ef f tclency anil ,rheating Éystem ef f lclencty' ae rrell âe further
ilt i""ta8é:ÉeeÉé. EvenËualfil Ehe houee wtl1r;6e eold and the meAauteEntB

w111 be contÍnued during a perlod of normal occupancy'

jru'-: !.;la .rr iùi
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R Saxhof: Tha Seventh Lot¿-Ene r se at l{ e kær Denmark. ThtsH
paper R ves a short deserlpt onofa ßerìe ra t on ou-energy builÈat Hfortekrrr ln lqBô h¡vlnq a cal cr¡laterl annual heaÈ demand of l50O kl.rh (no¡lnc ludtn¡ doneotlc hot ußter). the ho¡se ls eu¡e¡lneulated nnd has å very

roof nnd the ¡,aIle are lnnrll¿ted wtth 4oO
nl rtlBhl br¡lldtnR envelqne. The
rcapcct tvclv 'ì00 rnm hlglr qrral I t y nlncrnl wool wlth hut lnflnlteslnral thernalhrld¡ee, and the floor ls a sta h-on-g ra<ls constructlon lnsulaßerl wlÈh 200 nrnpolystyrene. Most of the rrl nrlovs 6 ¡6 6sq suppl l edr¿lth a nee slnnle t YPe of llnhtr¡etcht tn I lv oper-ated). Thc <lescrtpt
aa t I lu¡trat lon¡ of

lon lncludes a ferJ typlcal çonsCruçtlon detal le chosenafrttght construcClons wtthout cold hrl dgcs. The paperaleo descrlbcs the outclrly respondlng convector heatlng systeta and Lt pre-sents some prellnl narv resul rs fron pressrrrlzatton teot e and lnflltrattonmeSsurenents.

RnslllfF

th faclng and externally
eulatln¡ shutÈers (manua

R a rne ho f : llne 1êne nafeon à le rédu ràH kær Dante coqn¡n catlon escrlptton une netson er8 e tÈ de a'eeconde gén6ratlon" con¡trutt prèr de Copenhaßue en 19R4. Leg hesolns cal-cul€s d'6nergle néce asalrea pour de chauffa¡e sont 35OO ktrh par an. La nal-aoD est narquée par d ¡avolr une enveloppe thermlque trèg hl en fsolée eÈ pra-tloueoent 6tanche à I 'afr (taux de reno¡vellenent d'alr 0 ,03 rah ) . l,e roÍ tet les nn¡rs sont lsolée avec 400 rur respectlveoenc l!00 r¡n de lalnc mlnéralede preolère qualltÉ eang des ponÈs thernlques perceDtlhles, et le plancherca¡ une constructton dallee sur le eol , lsolé a vec 200 rnn de polystyrène. Laplupart des fcn€trea eet ortentée au eud et 6qrr fp6e de volets lsolante druneconBtructlon nouvellc trè¡ etnple. Deux détallg de conetructlon Bont décrltà fond conlr€ exenplee de cons trucÈfons étsn che dtalr et aani de ponts Èher-nlquee. L 'artlcle décrft aussl le sy6tèrìe de chauffage â convecteurs (unsyetèore à actlon raplde) et présent des résu lÈaÈe dee mesureg du renouvelle-nent d)atr préllnlnatrea (par lee ¡¡éthodes
sallon). du Craceur à gaz et cle preasurl-

K¡'RZFASSIINC

a

B Saxhof: Eln steben tes Nfedrl lnH rtekær fìänemark.
f) eðer Art e hre eln neues rt gene rg ehaus zve ter eneratlon-,dae 1984 ln der Nähe von Kopenha¡en gebaut worden lst. Der berec hnete Jähr-I lche Fner¡lebedarf fitr Helzung Iet etea 3500 ktJh (Warru,rasse rve rsorgungnlcht elnbeßrfffen). DeB Haue lst ¡lurch hochleollerte und ganz luftdlchteKonatruktlonen (natUrll che Luftsechselzáhl O,03 h-l) karak terlslert. DesDach und dle lJände slnd ott 400 on, bzy. 300 o¡¡ Hfneral¡rolle bester Ouslltätlsollert, ohne oerkbare l'lärnebrUcken, und der Fussboden fsÈ elne mft 2OO onHart¡cheuoplat ten tsolterte Plsnuadeckkonetruktlon. Dfe 8röoúten Fenstêrar-
ea lc ¡ I nd nach Sllden or lentlert, und dle Feneter slnd¡u¡ Noro¡lfeneterrahæn hergeetcllten leollerten K lap

ausaen nlt elnfachen,
lüdcn versehen. ZuelKon¡trukttonedetal ls ol nd al¡ Beleplele ¡rlrnehrllc kenloeer, luftdtchter Hau¡-b¡u¡rt grUndltch bcechrlcbcn. Dcr Artlkel beechrclbt auch dao echncllrea:

SlGrcndc (onvck tor-Hclt6),stca de! Haueee und er stcllt vorltuflge Reeultateelnfgcr Luftvcch¡c locrrun¡cn (nach dcn llethoden der Prllfgaoo, bzp. dcr Dtf-fcren¿drllckc) vor.
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