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Byqggforskningsradets forord.

Malet for energisparverksamheten i byggnader ar enligt riksdagsbe-
sluten 1978 och 1981 att under tiodrsperioden 1978-83 minska energi-
anvandningen i byggnader med ca 48 TWh/ar brutto (Prop 1980/81:133).
| besluten ingick att en utvardering av verksamheten skulle ske 1985.

Bostadsdepartementet har uppdragit at Statens radd for Byggnads-
forskning, Statens Planverk, Bostadsstyrelsen och Statens institut for
Byggnadsforskning att utarbeta material som kan ligga till grund for en
omproévning av gallande riktlinjer for energisparverksamheten i bygg-
nader m m.

Byggforskningsradet har planerat och samordnat utvarderingsarbetet.

Ett antal expertgrupper nar haft radets uppdrag att ta fram underlag
till utvarderingen. Gruppernas rapporter presenteras pa baksidan av
omslaget till denna rapport.

En styrgrupp har ansvarat for framtagning av noédvandiga underlag och
genom seminarier och diskussioner foljt expertgruppernas arbete och
slutligen lagt synpunkter pa deras resultat.

Dage Kaberger, Granges Aluminium och medlem av Byggforsknings-
radets styrelse har varit ordférande i styrgruppen. Uvriga deltagare har
varit Enno Abel, CTH, Bo Adamson, LTH, Gunnar Franzén, ABV, Bengt
Hidemark, KTH, Lars Ranang, Goteborgs Bostads AB och Stefan
Sandesten, KBS.

Utvarderingen skall belysa energisparpotentialen och faktiska spar-
effekter i befintlig bebyggelse och hur stor del av denna som kan
hanforas till byggnader som kan komma att varmas med fjarrvarme.
Radet har valt att lagga tyngdpunkten i utvarderingen vid att dels
bestamma energianvandning och energistatus och dess foérandring for
bostader och lokaler perioden 1978-1983, dels berdkna de aterstaende
energisparmdgjligheterna.

Utvarderingen bygger pa& kunskaper hamtade fran ett stort antal
forsknings- och utvecklingsprojekt. Saval nya som befintliga byggnader
har behandlats och stor tyngd har lagts vid teknisk utveckling och
genomforandefrdgor. Erfarenheter har ocksd hamtats fran Bostads-
styrelsen, Byggforskningsinstitutet och Planverket. Utvarderingen av
energihushallningsverksamheten har samordnats med utvarderingen av
Byggdforskningsradets forsknings,- utvecklings- och experimentverk-
samhet roérande ny energiteknik, solvarmeteknik, varmepumpar och
energilager (Sol-85).

Denna rapport & en av de ndmnda expertrapporterna, som bildar
underlag till rapporten Energi-85-Bebyggelsens energianvandning
(G26:04), som ar den sammanfattning av resultaten fran hela ut-
varderingsarbetet, som redovisas for regeringen 1984-08-01.

Stockholm i juli 1984
Byggforskningsradet.
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FORKORTNINGSLISTA

CDL Centrala driftsledningen, numera Kraftsam
Ccv centralvarme

EFH Energistatistik for flerfamiljshus

EL Energistatistik for lokaler

ELAK Elanvandningskommitten - avser 1984 ars byggnorm
for hus med direktverkande el

EOl eldningsolja 1, 35,59 MJ/liter

EO2-5 eldningsolja 2-5, 38,9 MJ/liter

ESH Energistatistik for smahus

FFH Fflerfamiljshus
FJv  fjarrvarme

GD graddagar
GJ giga joule = 10" (= ca 280 kwh)

HEA Husallens energianvandning
HSP hogskoleprojektet

kwh kilowattimme
KJ kilo joule = 1qg3 Joule

L levererad energi
LBL Lawrence Berkeley Laboratory
LGC Lars-Goran Carlssons parallella utredning

MFD flerfamiljshus (multi-family dwelling)
MJ mega joule = 10 (3,6 MJ ="1 kwh)

N nettoenergi
NON-CV icke-centralvarme

OECD Organization for European Economic Cooperation and
Development

P primar energi
PJ peta joule = 10-*» (= ca 0,3 tWwh)

SCB Statistiska centralbyran

SBN Svensk byggnorm (ar 1967, -75, -80)

SFD smdhus (single-family dwelling)

SIB Statens institut for byggforskning (Gavle)

SIFO Svenska institutet for opinionsundersokningar
SIND Statens Industriverk

SMHI Statens meteorologiska och hydrografiska institut
STEV Statens energiverk

\AY varmvatten

OEF Overstyrelsen for ekonomiskt forsvar



Forord

Denna skrift representerar LBLs (Lawrence Berkely
Laboratory) avrapportering till BFR (Byggforsknings-
radet) om projektet "lInternationell Jamforelse av
Energiforbrukningen i Bostader™. Den &r finansierad av
BFR med information ocksa fran LBLs utredning om
bostader och energi som har pagatt i fem ar med stod
fran USAs Energidepartement.

Vi aterger alla vara grundtabeller i utredningen samt
en del av figurerna. Valet av t ex valutakurser och
energiredovisningssatt kan vara nya for den svenske
lasaren. FOrfattaren beklagar en del osékerheter och
oklarheter i texten, tabellerna och grammatiken och
brister i underlaget. En del av 1982 ars forbruknings-
uppgifter fran samtliga lander ar fortfarande inte
tillgangliga eller osdkra (t ex "El- och fjarrvarme-
statistiken™ 1 Sverige, som kom forst den 1 mars 1984,
Residential Energy Consumption Survey" i USA). Nagra
varden, speciellt vad avser 1982, ar provisoriska nar
detta skrivs i april 1984.

Utredningen bestar av fem kapitel plus en samman-
fattning och en bilaga.

1. Inledning

2. Beskrivning av metod och bakgrund.

3. Kortfattad beskrivning av energiforbrukningen i
bostadderna 1 Sverige baserad pa LBLs egna berak-
ningar.

4. Internationell jamforelse av energiforbrukningen.

Detta innehdller det viktigaste materialet fran bade
LBLs utredningar om Sverige och studier i de 6vriga
landerna

5. Allmanna slutsatser.

Bilaga 1. En fullstédndig redovisning av LBLs
berédkningar av den historiska utvecklingen av
energiforbrukningen 1 svenska bostader 1960 - 1982.
Materialet presenterades for Energiforsknings-
ndmnden vid ett seminarium i Stockholm i december
1982 .

Kapitel 4 och 5 innehaller alltsid material som bedtmer
Sveriges energibesparing i forhallande till andra lander
och &r kanske de viktigaste. Kapitel 3 och bilaga !
upprepar material som forfattaren har presenterat i
olika former i Sverige under flera ar, dock uppdaterat
och mer fullstandigt. (F6r den som har ont om tid rekom-
menderar vi en granskning av kapitel 4 och 5.)

For att kunna underlatta jamforelsen av Sverige med
ovriga lander enligt det satt LBL anvander, presenterar
vi manga detaljer i kapitel 3 och bilaga 1 om Sverige
och i kapitel 4 om oOvriga léander. Darfor har vi redovi-
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sat en del uppskattningar - sasom matlagnings- och
varmvattensenergin - som inte vanligtvis uppvisas i
Sverige. Léasaren ska emellertid inte ta det alltfor
allvarligt om de kvantitativa skillnaderna ar mindre an
5%. Hall ocksa i minnet osakerheterna i en del forbruk-
ningsuppgifter fran Sverige 1978-1980 (i flerfamiljs-
hus), om antalet lagenheter i Tyskland och Frankrike
med olika uppvarmningsenergier och om den totala
forbrukningen i Kanada och USA. Dock &r det viktigaste
slutsatserna baserade pa skillnader som ar stérre an
osékerheterna

Projektet utfdrdes av Lee Schipper, Staff Scientist,
Lawrence Berkely Laboratory. Steve Mayers, LBL, har
bidragit med nya berakningar av USAs och Kanadas
uppgifter, medan Dave Eavens har jagat ekonomiska
uppgifter at projektet och utfort de grafiska bilderna.

LBLs projekt om bostadernas energifdrbrukning fort-
satter med djupare analyser av olika aspekter av for-
brukningen. FoOrfattaren ar darfér mycket tacksam for
skriftliga kommentarer, som kan sandas till honom vid
Lawrence Berkeley Lab, Berkeley, Calif, USA 94720 (med
flyg, tack).

Lee Schipper
Berkeley, California
15 april 1984
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SAMMANFATTNING

INTERNATIONELL JAMFORELSE AV ENERGIFORBRUKNINGEN |
BOSTADER

Sverige extremt

Sverige under 70-talet har uplevt de mest extrema
forhallandet vad avser energi i bostader:

- hogst oljeandel i fTorbrukningsmonstret 1970 som sjonk
radikalt fram till 1982. Hogst elandel 1982

- hogst vedandel 1982 (och 1970)

- medelstor minskning av den totala energidtgangen
(brutto- eller nettoenergi per bostad)

- nadst kallaste klimatet
- mest effektiva uppvarmningen
- hogst komfortstandard inomhus

- storst satsning av offentliga resurser for att minska
energiforbrukningen.

Utredningens syfte och upplaggning

Utredningen tog fram hittills opublicerade uppgifter
for att kartlagga den faktiska energiforbrukningen i
Sveriges bostader och jamforde resultatet med liknande
material insamlade under flera ar fran Danmark,
Frankrike, Kanada, (Vast)Tyskland och USA. Studie-
perioden var 1970-1982. Data om bostader, utrustning,
demografi, klimat, inkomster, priser och sjéalva
forbrukningen beraknat efter bransle och andamal ingick
i studien.

Energiforbrukningen och energiatgangen

- Sverige hade (och har fortfarande) den hogsta stan-
darden pa inomhuskomfort i OECD. Okningen av
energiforbrukningen i Sverige fram till 1972 (oavsett
om man mé&ter brutto (levererad), netto eller
primarenergi) har varit mindre an standarddkningen,
dvs Sveriges bostader har blivit battre ur energi-
synpunkt under hela 60- och 70-talen. Trenden acce-
lererade efter 1972.

Total bruttoenergiforbrukning (inklusive ved) eller
(Levererad energi oOkade 3,8% per ar mellan 1960 och 1972
medan netto- eller primarenergin okade annu snabbare.
Okningen av primarenergi sedan 1972 har bara varit
marginell, medan levererad eller nettoenergi sjunkit
avsevart. | Kanada, Danmark, Frankrike och Tyskland
hade ©6kningen fore 1972 varit snabbare an 1 Sverige,
medan sankningen varit snabbare i Danmark. Netto-
energiforbrukningen har varit nastan konstant, medan



primarenergiforbrukningen okat 1,2% per ar, ungefar
genomsnittligt for alla landerna i studien. Totalfor-
brukningens utveckling, som var sjélva basen for riks-
dagens energipolitiska beslut 1975, anvandes dock inte
i denna utredning for att mata energibesparing.

Bruttoenergianvandning per bostad 1970-1982 1 sex
lander visas 1 fig S.1. Om man i stéallet mater per
bostad eller per capita har okningen av energiforbruk-
ningen varit mycket mindre fram till 1972 och sjunkit
darefter. Matt per kvadratmeter har o6kningen varit &annu
mindre och minskningen stdrre. Det Okade antalet
bostader och deras storlek forklarar alltsd den vik-
tigaste delen av Okningen av energifdrbrukningen fram
till 1972.

Minskningen i Sverige har varit medelmattlig.
Minskning resp Okning i brutto eller netto resp primar
energi per bostad har inte varit radikal. Detta
forklaras av att bostadsbestandet och dess uppvarmda
bostadsyta ¢kat. Innehavet av hushallsapparater och
installationer har ocksa o6kat liksom antalet bostader
per capita. Den minskade atgangen foérklaras mest av
reducerad energianvandning per bostad for varme och
varmvatten, i vasentligt mindre utstrackning den nagot
mindre hemmavaron och boendetédtheten, rivning av aldre
bostader samt expansion i det yngre bostadsbestandet.
Cirka 85% av minskningen kan kallas for energi-

be sparing._

Energibesparing

- Sveriges bostader har haft en sankning pa 19%
(levererad energi per bostad) 1972-1982, 0% i primar
energi och 12% i nettoenergi (fig S.2). Tar man han-
syn till den stdrre bostadsytan 1982, den stdérre ande-
len smahus och den hogre tackningen av elapparater,
ar de uppnadda besparingarna nagot storre.

Minskningen i nettoenergiforbrukning for uppvarmning,
exklusive varmvatten (fig S.3), ar markbar i samtliga
lander. Att nedgangen har varit minst beror pa den goda
standarden 1972 samt tillgang till billig el och ved.
Minskningen av atgangen for uppvarmning med
centralvarme i bostéder i andra lander har varit
avsevart storre an 1 Sverige. Detta forklaras av att
svenska bostéder fore oljekrisen hade en mycket battre
teknisk och termisk standard &an bostader i andra
lander. Samtidigt har standardhdjningen i andra lander
varit storre an i1 Sverige (p g a deras lagre standard
1972 vad betraffar centralvarme, varmvatten och
elapparater), vilket har utjdmnat en stérre del av den
faktiska minskningen av energiatgangen i bostader i
dessa lander.

Nedgadngen i Sverige beror mest pa tekniska atgarder. |
de andra landerna har forbrukningen sjunkit sa pass

snabbt 1979-1980 att orsaken framst maste anses vara i
forsta hand andrat beteende. Minskningen av atgangen i

13
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svenska oljevarmda bostader under perioden 1975-78
trots stabila oljepriser bor uppmarksammas. Oljevarmda
bostader i1 Danmark, Frankrike och Tyskland upplevde en
uppgang under perioden.

Total besparing per l&genhet, matt som skillnad mellan
1981 och 1982 ars teoretiska forbrukning (1972 ars
utgang justerad uppat for den fysiska standardokningen
fram till 1981 eller 1982) a&ar cirka 25% (netto) i
Sverige, genomsnittet for fem lander (fig S.4). Pris-
héjningarna i Sverige har inte varit lika hdéga (sagt
for alla branslen) som i1 andra lander i1 Europa p g a
det laga elpriset. Med hansyn till den goda standarden
i Sverige beddms denna niva som mycket bra

Uppvarmningsstruktur och bransleménster

Uppvarmningsstrukturen i Sverige har &ndrats konstant
under perioden, Torst fran fasta branslen till olja
(och fjarrvarme) - den hdgsta oljeandelen - och sedan
ocksa el, sedan bort fran olja over till el, ved och
fjarrvarme. Sveriges bostdder har visat sig vara mycket
flexibla pad kort sikt vad betraffar uppvarmningssystem.
Reduktionen i oljeanvdndning 1 Sveriges bostader -
bortsett fran oOkad anvandning av oljebaserad fjarrvarme
- har varit imponerande. Antalet smahus som enbart
anvander olje har sjunkit fran cirka 800 000 ar 1975
till drygt 400 000 ar 1982, med en vasentligt lagre
atgang. Andelen elvarmda villor steg fran ungefar 350
000 till 700 000 under samma period.

Oljans direkta andel av totalfdrbrukningen i Sverige
reducerades fran 71% (fig S.5) till 42% (fig S.6)
mellan 1970 och 1982, men en del av denna reduktion
beror pa t6kad anvandning av fjarrvarme. Av reduceringen
beror cirka en tredjedel pa den reducerade &tgangen och
resten pa branslebyte, framst till el och fjarrvarme
men &aven till ved. Andra lander har haft blandad succeé
med branslebyten och oljereducering Tyskland har
minskat sin oljeandel minst fran 52% till 47%, medan
USA har minskat fran 26% till 15%. Elandelen i
forbrukningsménstret ar hoégst i Sverige (tillsammans
med Kanada). Den hoga andelen i Sverige beror pa den
hoga anvandningen for uppvarmning och det laga priset,
lagst efter Kanada.

Styrmedel och energisparprogrammet

Sparprogrammet i Sverige har sakerligen paverkat
forbrukningen nedat, men vi tror att hogre
energipriser, framst pa oljan, har givit den stiorsta
sparken till smdhusens hushall. Andelen smahus dar
energispardtgarder har vidtagits ar ganska stor inter-
nationellt sett - 60% - men endast halften har skett
med direkt stod fran sparprogrammet. Sparprogrammet
beddms ha haft stérre betydelse for Fflerfamiljshusen.
Men &aven i smahus kan sparprogrammet vara en forklaring
till den hoga andelen atgardade hus. Andra lander (USA,
Kanada, Tyskland, Frankrike) har haft mindre ambi-
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tioner, matt i1 statliga utgifter, och endast Danmarks
program ar lika omfattande som Sveriges.

Inverkan av nya, energisnala bostader i Sverige pa
forbrukningsmonstret har varit stor pa smahussidan, dar
cirka 15% av 1982 ars bestand har byggts sedan 1973. De
har en nagot lagre forbrukning an kvarvarande bestand
byggt fore 1971, men skillnaden ar inte si stor p g a
forbattringar som har gjorts i de aldre byggnaderna
sedan 1973. | andra lander har nya bostader, byggda
sent pa 70-talet, varit avsevart battre an tidigare
bostader men kontinentala Europa och USA ligger fort-
farande langt bakom Sverige vad betraffar tekniska
krav. Byggnormen i Sverige bedobms vara mindre for-
cerande an i oOvriga Europa och Nordamerika, tack vare
Sveriges unika bostadsbelaningssystem, som tacker &ven

energibesparingsatgarder i nya hus.

Det ar svart att isolera eller uppskatta effekten av
styrmedel och energisparprogram, &ven med den relativt
goda databas vi har utvecklat for Sverige och andra
lander. Vi tror att prisstimulanser har blivit
forstadrkta av sparprogram (energisparstdd och
information) och bostadsbeldningssystem - och tvartom.
Forskningsinsatsen i Sverige lar vara den hdgsta bland
de studerade landerna, vilket underlattade den snabba
reaktionen bade hos allménheten och i byggnads- och
installationsindustrin

FIGURFORTECKNING/LIST OF FIGURES

51 Bruttoenergiforbrukning per bostad. (Delivered
Energy per Dwelling)

52 Sverige: energi per bostad. Primar, brutto och
netto. (Primary, Delivered, and Useful
Energy/Dwelling.)

53 Rumsuppvarmning (sex lander, netto). Kilojoule
per graddag per kvadratmeter, alla branslen och
lagenheter. (Useful Energy/Dwelling for Heating,
Six Countries.)

54 Energibesparing 1 bostader. Besparing (netto)
per bostad, gigajoule. (Energy conservation, per
Dwelling.) "Okad standard" i fdrsta stapeln
visar ett schablonbelopp for 6kning av 1972 ars
specifika forbrukning som motsvarar den o6kade
standarden 1981-82 jamfort med 1972. Andra sta-
peln visar den faktiska forbrukningen 1981-82.

Besparingen 1 procent anges nedan.

55 Levererade (brutto) energiandelar till bostader
1970-73. (Energy Shares 1970-73.)

56 Energiandelar 1981-82. (Energy Shares 1981-82.)
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1 bostadernas energiforbrukning och dess

UTVECKLING

1.1 Problembeskrivning

I den har utredningen presenterar vi en analys av
energibesparingen i svenska bostader med referens till
erfarenheter i1 andra lénder. | denna jamforelse kan vi
konstatera att det finns mycket som talar for att
Sverige ar unikt bland OECD-landerna. Sverige hade den
hdégsta uppvarmningsstandarden inomhus foére oljekrisen
(och har fortfarande), en hoég oljeanvdndning fore 1973
och en hog och vaxande elanvandning under aren dar-
efter, ett snabbt byte till ved och multibrénslean-
vandning samt en snabb 6kning av fjarrvarmen. Allt
detta har lett till en anmdrkningsvard minskning av
oljeanvandningen och en minskad anvandning av energi.
Sverige hade redan fore oljekrisen, och har fort-
farande, de mest energisnala bostaderna och en mycket
hég teknisk uppvarmningsstandard, men - paradoxalt

nog - ett "icke-sparsamt" beteende.

Vi behandlar ocksad en hel del fragor omkring hur mycket
energl som har sparats i Sverige och andra lander. Hur
stor besparing skulle kunna ha "forvantats'”? Vilka fak-
torer har bidragit till andringar i forbrukningen? |
nedgangen av atgangstal? Till besparingen? Vilka fak-
torer har orsakat besparingen? Hur ser den svenska
erfarenheten ut jamfort med andra l&nder? Hur osdkra é&r
vara bedomningar? Vilken vidare forskning, information
och uppfdljning av energibesparingstakten kan belysa
osakerheterna?

Detta problem - utvdrderingen av energi forbrukningsut-
veckTingen -"bestar av flera steg.

- Beskrivning av utgangslaget (uppskattning av
energiforbrukningen fore och efter 1973.

- Kartlédggning av faktorerna som har foérandrat och som
kan tankas ha foérandrat forbrukningen.

- Definition av "energibesparing”.

- Nedbrytning till delkomponenter av forandringar i
forbrukningen, sd att "energibesparingen” blir belyst
och matt.

- Jamforelse med resultaten fran andra lander.

- M6jlig nedbrytning av 'energibesparingen' 1 tekniska
komponenter resp beteendekomponenter, samt permanenta
resp tillfalliga, kort- och langsiktiga komponenter.

- Uppskattning av olika stimulansfaktorers roll i de
ovan namnda andringarna, speciellt priser, inkomster
och styrmedel.
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| denna utredning behandlar vi alla steg utom de tva
sista. For den internationella jamfdérensen anvander vi
var statistik om USA (US), Kanada (CA), Frankrike (FR),
Vasttyskland (DE) och Danmark (DK). Den statistik vi
har byggt upp for Sverige beskrivs narmare i bilaga 1
och en parallell analys har utforts av Lars-Goran
Carlsson (LGC) 1).

Vi har lagt stor vikt vid att gora en rimlig jamforelse
av atgangen i indikatorerna 1982 kontra 1972. | denna
summering vill vi paminna om att den fysiska standarden
i dag ar véasentligt hogre an den var 1970. Flera

hushal Isapparater slukar mer energi, 8% hoégre andel
bostader har centralvarme, 10% fler har varmvatten. Det
betyder att en del av energibesparingen hela tiden har
"tagits ut" i1 hoégre standard. Vi anser inte att denna
standardhdjning strider mot energibesparingens
huvudmal, att reducera kostnaden for anvand energi. Det
ar emellertid svart att berakna hur mycket energi 'som
skulle ha anvénts om inte energikrisen hade intraffat”,
men schablonmiassigt gar det att uppskatta paverkan av
den hoégre standarden.

1.2 Vad menas med energibesparing?

Energibesparing ar en avsiktlig reducering av )
energiforbrukningen.2) vi menar att man sparar energi
for att reducera den totala kostnaden f6r att utnyttja
energins tjanster, dvs fa varme, varmvatten etc
billigare. | regel betyder 'kostnader'™ privata
kostnader, &ven om vissa grupper eller samhallet i
stort kan forsoka att aven minska kollektiva, sociala
eller sa kallade externella kostnader. Det finns
manga faktorer som forsvarar var analys, faktorer som
ibland kan rensas bort. Dessa inkluderar energiartens
brist pA homogenitet, branslebyten och demografiska
faktorer som har andrat energifodrbrukningen, som t ex
hur man utnyttjar sitt hus. Vi tar upp dessa faktorer
nedan.

Prisokningarna for energi ar ocksa viktiga. Den rela-
tiva reduktionen i energiforbrukning for olika &ndamal
b6r beddmas mot den faktiska andringen av energipriset.
Att man sedan 1973 har sparat mindre i Kanada an i
Sverige kan mycket bero pa prislaget. Att man kan ha
haft en reaktion i elvdrmda hus i Sverige, en annan
reaktion i oljevarmda, kan bero pa olika prisut-
vecklingar. Besparingen maste alltsa bedtmas mot
prisutvecklingen och byggnaders och apparaters fysiska
tillstand

* Vi till inte beddma vilken andel av befolkningen som
endast spar energi for samhallets skull, vilken som
endast spar for privat vinst. Vi vill dock papeka att
energibesparingen som sadan inte ar nagot andamal.

24



Anmarkningar,forkortningar och definitioner

1. Denna utredning gors parallellt med Lars-Goran
Carlssons arbete, VVS Tekniska Fo6reningen och Statens
Energiverk. Vi hanvisar l&saren till LGCs arbete for
manga vardefulla synpunkter samt definitioner och andra
fakta som ar viktiga for en rimlig bedbmning av energi-
besparing i svenska byggnader. Inte minst bdr némnas
att denna utredning ocksa behandlar lokaler och andra
icke-bostadsbyggnader som ingar i den sa kallade
"ovriga sektorn'. Samtidigt stammer de flesta uppgifter
om bostadernas energiforbrukning fran samma svenska
datakallor som har anvants har. | vissa fall finner
lasaren "LGC" som hanvisning till dennes arbete.

2. Vissa forkortningar anvands 1 texten, se FOrkort-
ningslista. Med brutto eller levererad energi avses all
energi tillford en bostad inklusive forluster vid
forbranning av brénslen och distribution av varme eller
varmvatten i husets system. Med nettoenergi (“useful”
eller "net energy') menas nyttig energi tillférd rum-
men, varmvatten, mat samt all el 1 elapparater. Olja,
fotogen och gas raknas ha 66% verkningsgrad, fasta
branslen 55%, el och fjarrvarme 100%. (Observera vissa
avvikelser fran LGCs formulering.) Med primarenergi
avses bruttoenergi samt schablonpalagg (1,89x for el,
0,33x for fjarrvarme) fTor alstring av el eller
fjarrvarme i produktionsiedet.
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2 METODBESKRIVNING

Denna utredning bygger pa en rad studier som har pagatt
vid LBL och VWS Tekniska Foreningen under sex ar. Doku-
mentationen av de olika landernas energiforbrukning
ligger i olika LBL-publikationer som ndmns i1 litteratur-
forteckningen. | bilaga 1 (pa engelska) finns en
fullstandig redovisning av vara datakallor, antagande,
berakningar och uppskattningar for Sverige. Vi aterger
h&r en kortfattad beskrivning av metoden vad betraffar
Sverige.

2.1 Insamling av data

Data om Sverige samlade vi under flera ar fran SCB,
Statens Vattenfallsverk och CDL, oljefdretag och gas-
verk, SIFO, olika svenska myndigheter samt fran en del
svenska publikationer utgivna av SCB, Statens Planverk
etc. Vi vill understryka att utredningen mest bygger pa
publicerade data och uppgifter vad betraffar aren

tom 1976 da SCB drog igadng en mycket omfattande
matning av energiforbrukningen. Flera oljefdretag har
vid olika tillfallen bidragit med egna uppskattningar
av oljeforbrukning i smahus och aven de stora gasverken
har sant in egen statistik over forbrukning. Uppgifter
om energipriser, nationalridkenskaper, bostads- och
hushal Issammansattningar har vi hamtat fran SCB.

Det fanns dock i stort sett ingen officiell och
publicerad information om strukturen pa uppvarmnings-,
varmvatten-, matlagnings- eller hushallsapparater
forran sent pa 70-talet. Inte heller fann vi infor-
mation om den Tfaktiska forbrukningen av de viktigaste
branslena och fjarrvarmen. Elstatistiken hade vissa
brister som gjorde det rent av svart att anvanda
materialet. Tyvarr finns det ocksad luckor och brister i
materialet. Allt detta betyder att vart resultat, som
bygger pa olika uppgifter oftast hamtat fran
energiforetag, bor tolkas forsiktigt. Samtidigt ska vi
papeka att materialet egentligen ar det enda som
existerar pd riksniva. Dar vi har tolkat, uppskattat
(gjort s k kvalificerade gissningar), helt gissatT
ellerbTandat statistikmed valutfdorda matningar som
dock inte alltid kan tillampas pa hela populationen
papekar vi detta. For andra lander har situationen
varit varierande. Detaljerna finns i vara individuella
rapporter.n)

2.2 Viktiga faktorer som paverkar energifor-
brukningen

2.2.1 Utvecklingen av hushallen och bostadsbestandet

For att folja bostadsbestandets utveckling analyserar
vi varje lands folk- och bostadsrakningar betr&ffande
lagenheternas storlek, boendetatheten och 1 viss
utstrackning bostadernas fysiska egenskaper sasom
utrustning, &alder och byggmaterial. Vi delar in
uppvarmningssystemen i centralvarme (CV) och
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icke-centralvarme (NON-CV) och pekar pa system som pro-
ducerar varmvatten (VW) tillsammans med varme. Vi har
ocksa klarlagt skillnader i uppvarmningssystemen i nya
hus.

I en icke ovasentlig del av bostadsbestandet har man
bytt bréansle i existerande system eller bytt system
sedan 1973. Bytet har andrat bestandet av hus (eller
varmesystem) som anvander en viss typ av bransle. Sam-
tidigt har nybyggnation, rivningar och i mindre man
moderniseringar och tillbyggnader gjort att bostads-
bestandet har andrats i manga avseenden vilket paverkar
energibehovet och energiférbrukningen- I den man dessa
faktorers inflytande pa forbrukningen kan separeras,
bor detta beskrivas. En del av dessa &ndringar har
alltid agt rum och kan andra forbrukningen pa samma
satt som energibesparande atgarder, dock av andra

skal. De ska mojligen identifieras och separeras fran
den accelering som besparingen har medfort.

2.2.2 Branslesort och branslebyte

I denna utredning réknar vi forst varje branslesort och
dess anvandning for sig. | summeringen o6ver bransleslag
och anvandningsomraden analyserar vi samtidigt tre matt
pad forbrukad energi: levererad eller bruttoenergi
('delivered, end-use, site energy"”, dwvs all kopt
energi samt ved) raknat vid 'husets vagg'". Nettoenergi
(useful energy) éar levererad energi minus omvandlings-
och en del distributionsférluster i sjalva huset.
Omvandlingsfaktorn ar 66% for gas och flytande
branslen, 55% for fasta branslen och 100% for elektri-
citet och fjarrvarme. (I nagra enstaka fall anvands 92%
for dessa typer, se LGC.) Slutligen anvander vi ocksa
primar energi (primary energy) som bestar av levererad
energi samt vissa schabloner for energi-insatser i el-
och fjarrvarmesystem for att framstilla dessa tva
energiformer. Primar energi mater samhallets
belastning av energin och i viss man ocksa kostnaderna
for energin. Vi valjer samma koefficienter for samtliga
lander och ar, 34,6% effektivitet pa el (eller 2,89
omvant) och 75% pa fjarrvarme.

I den utstrackning man toérs summera olika energislag
for att tala om total energiforbrukning for uppvarmning
(och varmvatten) eller for hushallsandamal, kan man
beskriva hur hela bestandet har 'sparat” energi. Total
levererad energi ger ett mdtt pa hur mycket energi som
anvands 1 dag totalt per capita eller per bostad, gen-
temot tidigare ar. Nettoenergin tillater denna
forenklade summering utan den skevhet som uppstar med
okad insats av el och fjarrvarme, namligen en synbar
minskning av energidtgangen om man anvander den
levererade energin, eller en 6kning av energidtgangen

* Har bortser vi fran omvandlings- och distribu-
tionsforluster som uppstar vid stadsgas och oljepro-
dukter eftersom dessa forluster utgdr en véasentligt
mindre andel av produktens energiinnehall an vad som &ar
fallet for el- och fjarrvarme.
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om man médter den primdra energin. Dessa vridningar
uppstar p g a olika satt att rakna bort eller med
omvandlings- (forbrannings-) forluster. Omvandling fran
levererad energi till nettoenergi medfor & andra sidan
osakerheter, eftersom vi aldrig riktigt har matt
nettoenergin. Dessutom har dessa omvandlingsforluster
sakerligen andrats under de senaste 12 &ren med nya
panntyper eller battre skdtsel, men samtidigt aven
"forsamrats"™ med Overgangen fran direkt el till vatten-
buren el. Slutligen &r det sannolikt att dessa
forluster &ar olika i olika lander. Vi har inte rdknat
med dessa forandringar, som vi dock tror ar smi. Vi
anger alltid vara omvandlingskoefficienter si att
lasaren kan rakna om till andra varden.

Branslebytet ar i1 dag viktigt i1 Sverige p g a
subventioner till vissa kategorier av branslebyte.
Speciellt anslutning till fjarrvarme eller anskaffning
av apparater som ger mojlighet att elda med olika
branslen. Dar det ar mojligt visar vi om branslebytet
har paverkat energiforbrukningsmonstret

Emellertid menar vi inte energibesparing nar vi talar
om brénslebyte, &aven om bytet har reducerat
kostnaderna. Det ar svart att jamfora olja och el. En
overgang fran det ena till det andra betyder en energi-
besparing, eftersom statistiken i Sverige vanligtvis
bokfor el utan hansyn till forluster i1 alstringskedjan
(i kraftverk och distributionssystem, dvs
primarenergi-insatser). Samma problem paverkar utvar-
deringen av "besparingar"™ som man far med en blandning
av bransle och el, eller med en 6vergang fran
forbranning 1 egen panna till koép av varmvatten framst
fran fjarrvarmeverk. Vi anser att vara grova
justeringar till primar- och nettoenergi ger en riktig
bild av utvecklingen utan att vi behdover mata eller
uppskatta omvandlingskoefficienter i detalj.

2.2.3 Demografi (befolkningens sammansattning och
forandring)

Det finns faktorer som paverkar energiforbrukningen och
dess iIndikatorer som vi inte har raknat med i1 begreppet
energibesparing. En faktor &r demografin, speciellt
boendetathet och befolkningens aldersstruktur. Boen-
detatheten paverkar energiforbrukningen per lagenhet,
speciellt betraffande varmvatten, men ocksa for andra
energitjanster. En minskad boendetathet kan leda till
minskad energifdrbrukning per lagenhet, dock inte
alltid per capita, eftersom mindre boendetathet -
omvant - betyder mer véagg-, golv- och takytor per
capita och aven fler apparater per capita. Utglesning
av folk och familjer &ar for det mesta oberoende av
energi, men ocksa beroende av sociala faktorer och
inkomstutvecklingen. Vi forsoker dock uppskatta effekten
av minskad boendetathet pa& forbrukningen.



En annan viktig faktor &ar hur bostaderna utnyttjas.
Folk ar borta fran sina bostéder mer an forr, vilket
framkommer nar man ser konsumtionen av hotell-, rese-
och restaurangtjanster. Dessutom finns fler gifta par
dar bada forvarvsarbetar. Barnen far en hel del
maltider pa daghem eller i skolan. Forskjutningen av
matlagningen bort fran bostaden paverkar uppenbarligen
energidtgangen for matlagning men endast i liten grad
den totala energiférbrukningen. En del av varmvat-
tensforbrukningen kan ocksa forskjutas till andra
byggnader med nagot storre inverkan pa hushallens
registrerade forbrukning, t ex duschning pa arbetet.
Mojligheten att lamna bostaden tom under dagen
tilldter att temperaturen sanks. Vi vet dock inte hur
stor procent av dem som lamnar bostaden ocksa sanker
temperaturen, antingen manuellt eller automatiskt. Vid
langre bortovaro stanger man sakert av manga energi slu-
kande apparater. Aven om lagenheterna i flerfamiljshus
varms av grannlagenheterna sa spar man sakert nigot i
alla fall.

En del av energiforbrukningen vid franvaro kan ha
overskjutits till fritidsbostadder. Vi har noterat
elforbrukningen i denna sektor men inte gjort nagon
inventering av den totala forbrukningen. Eftersom fri-
tidsbostadder huvudsakligen inte anvands under de
kallaste arstiderna tror vi inte att den starka
Okningen av fritid och nyttjandegraden av stugor pa 70-
och 80-talen svarar for mer &an en liten del av
andringen i energiforbrukning i primara bostéder. Vi
har inte heller tagit med vardhem i utredningen efter-
som deras forbrukning tillhoér lokal sektorn. Undan foér
undan har den andel av befolkningen som egentligen bor
i lokalsektorn - d v s i annat an bostadshus - oOkat
till uppskattningsvis mellan tre och fem procent av
totalbeftolkningen.

VAr uppskattning ar att dessa demografiska faktorer har
paverkat den registrerade forbrukningen av energi per
lagenhet till maximun 3-5% av den totala s&nkningen
under perioden 1970—1982. M6jligen har en liten del av
okningstrenden fran perioden fore 1973 dampats nar folk
upptackte olika satt att avsiktligt anvanda nagon
annans energi! Fritidshus i Frankrike och Danmark har
nadstan lika stor betydelse som i Sverige. | USA &r det
mycket hoéga antalet flygpassagerarkilometer en indika-
tion pa andra resevanor som ocksa betyder okad
bortovaro. Det finns alltsd inget skial att tro att det
existerar skillnader mellan lander eller inom ett land
som &r storre &n de fTaktiska skillnaderna i
forbrukningen som vi visar. Darfér tror vi att vi i
denna studie kan forbise fragor om husets utnyttjande
och de boendes bortovaro utan att vinkla den jamforelse
vi gor.

2.3 Energiforbrukningens ménster
For att beskriva energiforbrukningens monster och dess

forandring 1 bostader kravs forst och framst en kvan-
titativ beskrivning av sektorns struktur. Med struktur
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menar vi antalet bostéder, deras storlek, alder,
utrustning och andra egenskaper som tekniskt sett
paverkar energibehovet for att ge komfort, varmvatten
osv, samt en ekonomisk och demografisk struktur som
paverkar efterfragan pa dessa tjanster. Dessutom maste
man kanna-till energiférbrukningen, dwvs den méngd
energi som olika forbrukare har avsatt till lagtempera-
turvarme. * Vanlig statistik 5 visar upp energile-
veranser, dwvs energi levererad fran leverantdrer som
i sin tur rapporterar sina leveranser till SCB, men
vilka 1 regel inte kanner till mycket om fdrbrukarna,
som t ex hushallsstruktur, byggnadens &lder osv. |
ovriga sektorer ar sambandet mellan levererad och
forbrukad energi alltid osakert, bade p g a variationer
i lager och osdkerhet om vem kunden egentligen ar.

Om man emellertid har bestadmt hur mycket energi som har
anvants i olika byggnadsgrupper kan man dela
forbrukningsmonstret i tva delar: en strukturell del
(som kan besta av flera komponenter) vilken egentligen
representerar forbrukningsenheten eller effekten, och
ett atgangstal eller intensitet, som beskriver mangden
energi forbrukad for att producera en enhet effekt i
varje komponent. Vi har valt komponenterna uppvarmning,
varmvatten, spis (for matlagning) och elapparater.

En utredning om energibesparing bor alltid kartlagga
andringar i bada typerna av faktorer. Den forsta kan
vara svagt kopplad till energiprisutvecklingen och
energipolitiken, men starkt knuten till inkomstut-
vecklingen. Atgangen daremot anses vara starkt knuten
till energiprisutvecklingen samt beteendet (som i sin
tur paverkas av priser och aven inkomster) och &tgangen
kan reduceras med bade andrat beteende och &andrad
teknik. Denna avsiktliga sankning av atgangen genom
beteendet eller tekniska fdrbattringar som reducerar
atgangen kallas har energibesparingen, och tekniska
forbattringar kallas ofta bara for effektivare
energianvandning. ©

I utredningen forsoker vi framfor allt kartlagga de
olika strukturella forandringarna samt minskningar
eller okningar i atgangstalen och darigenom isolera
energibesparingen. Det &r relativt latt att dokumentera
minskningen av atgangen i de flesta typer av hus eller
lagenheter, men daremot inte latt att kartlagga om
minskningen beror pa tekniska- eller beteendeatgarder
utan att godra direkta matningar av energifdrbruknings-
installationer, innetemperatur eller manadsvarden pa
forbrukningstalen. Den senare mojligheten anvander sig
av den sd kallade energisignaturmetoden av en byggnad
eller bostad. 7

* VEUirTnraF"orrT"att energinTnte kan "férbrukas!l |
vanlig mening, utan "anvands" eller "brukas"™ samtidigt
som dess héga termodynamiska vérde reduceras. | prak-
tiken betyder detta att den energi som vi "forbrukar'
omvandlas till varme vilken lacker ut i omgivningen med
dennas temperatur.



I Sverige maste man ndja sig med information om den
arliga forbrukningen av energimangder i smahus eller
flerbostadshus, information om husets storlek, kli-
matforhallande, men sallan information om husets
utnyttjande, innetemperatur eller andra boendevariabler
Vi utgar dock fran att en beskrivning av husens stor-
lek, lage och indirekta indikatorer pa boendevariabler
sasom disponibel inkomst per hushall, boendetathet osv,
tillater en rimlig uppskattning av sankningen av den
totala energidtgangen per hus eller lagenhet. Liknande
material har samlats fran o6vriga lander som ingar i
denna studie. En granskning av studier av individuella
besparingsinstanser bekraftar i regel de allmdnna slut-
satserna.

2.3.1 Forbrukningens &atgangstal och indikatorer

Forbrukningen av energi maste normaliseras till vanliga
forbrukningsenheter for att man ska kunna gdra en
jamforelse i tid eller mellan lénder. Vi har valt
atgangstalen i energi per capita och per bostad.
Multiplikation med antalet bostader (capita) ger
totalforbrukningen som oftast kan jamfdras med
leveransstatistiken. Aven uppvarmningsenergi per bostad
och atgangen av andra forbrukningsposter kan anviandas.

Det finns emellertid brister med att jamfdra rena
atgangstal, namligen att de inte tar hansyn till vik-
tiga strukturella faktorer sasom inkomst, klimat,
bostadsstorlek osv. Detta betyder att vi maste koppla
varje delpost 1 forbrukningsmonstret till en relevant
struktur - eller utvecklingsfaktor. FOr att kunna
jamfora energiforbrukningen och atgangstalen behovs
inte bara atgangstalen utan ocksd en kvantitet som
mater denna koppling. Vi kallar dessa kvantiteter Tfor
indikatorer. Vi har funnit att de ger en mer rattvis
bild av skillnader i den totala fdrbrukningen bland
olika lander dar de val specificerade atgangstalen
(sasom ol jeforbrukningen per kvadratmeter for
uppvarmning) inte ar tillgangliga eller relevanta.

Vi har valt foljande indikatorer for att bedodma
utvecklingen

1. Uppvarmningsenergi (netto) per bostad och
graddag. Eventuellt ocksa per kvadratmeter per
graddag dar statistiken tillater en rimlig
bedémning

2. Varmvattensenergi per capita. Eventuellt per
capita i bostader med varmvatten (vi anger ocksa
uppvarmning plus varmvatten).

3. Matlagningsenergi per capita.

4. Elanvandning for apparater per capita, per
bostad och per disponibel inkomstenhet.
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Dessutom finns en del andra indikatorer som visar Vvik-
tiga aspekter av energiforbrukningen. Andelen olja i
den totala energin levererad till bostader ar mycket
intressant ur energipolitisk synpunkt om energipoliti-
ken speciellt riktas mot att minska direkt anvéndning
av olja. Lika intressant ar andelen el i den totala
forbrukningen och en uppdelning av elanvandningen
mellan de fyra anvandningsomradena och &ven en struk-
turell indikator som uppskattar betydelsen av 6dkad
anvandning av centralvarme sedan perioden 1970-72.
Okningen av bestandet elapparater ar betydande for att
forklara en eventuell uppgang i elforbrukning trots
stigande elpriser.

2.3.2 Klimat

Klimatet ar en viktig parameter som bestammer en del av
hushallens energiforbrukning. Klimatets inverkan mats
genom graddagar, vindhastighet, fuktighet och aven
antalet soltimmar osv. Det &ar vanligt att man propor-
tionerar uppvarmningsbehovet mot antalet graddagar,
beraknat fran en bas som representerar husets
egenskaper och innetemperatur. Men innetemperaturen &r
ocksa ett resultat av beteendet. Antalet graddagar ar
inte helt bestamt av klimatet. Att den uppmétta eller
uppskattade innetemperaturen varierar bland OECD-
landerna behandlar vi nedan. FOr att kunna jamfora
dessa lander har vi emellertid valt ett objektivt
graddagssystem med en bastemperatur (eller referens-
temperatur Tr) oberoende av gratisvarme, solinstral-
ning, iInnetemperatur osv. Vi tar ingen hansyn till den
faktiska inomhustemperaturen. Graddagstalet ar da ett
matt pa klimatet som ar givet, inte pad beteendet eller
annorlunda energiforbrukning som ar en foljd av klimat,
teknik, 1inkomst och priser. Enligt detta verkar det som
om engelsmannen har en lika effektiv uppvarmning som
svenskarna, matt 1 energi per bostadsyta per graddag!
Faktum ar att engelsmannen varmer upp en mindre del av
lagenheten till cirka 15,5 grader! Det finns alltsd tva
satt att minska energianvdndningen for uppvarmning, det
tekniska (= det svenska) och det engelskal

Vi gor en klimatkorrigering for variationen i grad-
dagstalet 6ver aren. Utan korrigering blir det svart
att jamfora olika ar. Antalet graddagar i Sverige t ex
1972 var ungefar 97% av det normala talet medan antalet
1980 var nastan 112%. Denna skillnad &ar tillracklig
for att en faktisk besparing under de tolv aren skulle
undangdmmas. Det finns inget sakert satt att korrigera.
Var metod (efter Schipper och Ketoff (1983) och
Hammarsten)8 ger en enkel korrigering proportionellt
mot variationen i den uppskattade energianvéndningen i
uppvarmningsanlaggningen. Metoden som SIND/SEV
anvander, som ar en nagot mjukare korrigering, A&r
beskriven av Carlsson (1983). Munter pavisar att det
finns skal att aven o6verkorrigera, dwvs att
svangningarna i systemets behov &r storre &n
variationen i graddagar p g a att husets varmebehov
endast uppfylls till 40-75% av den varmeenergi som
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tillfordes fran systemen. Vi tror att var metod &ar en
rimlig kompromiss: vi anvander 4 010 graddagar (bas

18 C), med talet justerat uppat med 250 GD fran det
svenska genomsnittstalet 3 760 GD, OEFs varde for
Orebro. (Det finns nya "normalvarden™ som har publi-
cerats 1983 av SCB och SMHI, som vi inte har tagit
hansyn till. Vi har 1 vissa fall beraknat antalet grad-
dagar efter befolkningen eller bostadsytan for olika
hustyper med olika bréansle. Se bilaga 1 och Meyers 1982
(ref 3).)

2.4 Utvardering

Utvarderingen har bestar av flera steg. Vi jamfor de
viktigaste indikatorerna pa struktur och atgang och
darifran bedomer vi hur mycket energi olika lander har
sparat och hur mycket uppvarmningsstrukturen har
forandrats. Vi beddmer utvecklingen mot bakgrund av
ladndernas standard 1970—72 och standardhdjningen sedan
dess. Var utvardering bestar ocksa av en jamforelse
mellan olika okningstakter resp minskningstakter, med
hansyn till pris- och inkomstutvecklingen.

| denna utredning har vi valt att inte anvanda ekono-
metriska metoder for att uppskatta efterfragan, utan i
stallet ge en kvantitativ och kvalitativ bild av vad
som har hant 1 Sverige och andra lander och bedéma
varfor olika lander har haft skilda utvecklingar. Vi
hoppas dock vid ett senare tillfalle kunna utvidga LBLs
"Residential Energy Model™ 9 foér en speciell studie av
Sverige.

2.5 Datakallor och osdkerheter

Forst och framst ar det vanskligt att beddma hur mycket
energiforbrukningen har andrats sedan 1973 - och aven
dessforinnan - och hur mycket denna &andring har
paverkats av olika faktorer som sjalva har forandrats
sedan 1973. Dessa faktorer bestar av bland annat hojda
energipriser (den sd kallade energi- eller oljekrisen)
och andrad inkomstutveckling, tillgang till ny teknik
vars utveckling helt eller delvis har péverkats och
paskyndats av energikrisen och andra faktorer. Aven
inkomstutvecklingen tycks ha dampats av energiprisut-
vecklingen. Hur ska man da bedtma utvecklingen av
energiforbrukningen och energibesparingen?

Ett stort problem har varit brist pa officiell sta-
tistik fran perioden fore 1973. | Sverige liksom i de
flesta lander har bostader, ovriga byggnader och aven
andra verksamheter (byggverksamhet, jordbruksbyggnader,
kraft-, vatten- och gasverk, sma industrier) samlats
till en restpost 1 energileveransstatistiken som kallas
"Ovriga sektorn'™ 1 Sverige, 'Haushalte und
Kleinverbraucher™ i Tyskland, 'Residential and
Commercial™ i1 USA, Kanada etc. Problemet med denna post
ar dels att den ar hetrogen, dels de varierande ekono-
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miska och tekniska forhallandena och forutsattningarna
for de olika komponenterna, dels olika tillvaxttakt
bland komponenterna, dels olika komponenters formaga
att spara energi som enligt var uppfattning gor det
mycket svart att tala om Ovriga sektorns energifor-
brukning och besparing utan att forst beskriva struk-
turen och forbrukningen av komponenterna. Ett annat
problem med en blandning av bostéder, lokaler och andra
byggnader ar den allt viktigare roll som energi till
tillverkning (datorer, maskiner osv) spelar i forbruk-
ningsmonstret i lokaler och 6vriga byggnader.* | Tysk-
landl<)( Frankrike--* och Danmark !2 har olika myndig-
heter forsokt fylla 1 bristerna med historiska studier
fran aren 1970—73. De tva sistnamnda landerna jamfors
nastan alltid med 1973 (Frankrike) eller 1972
(Danmark) . Dessutom har LBL-projektet tagit del av sta-
tistik fran olje-, gas- och elektricitetsbolag, enstaka
studier av bostadssektorn och panelundersokningar fran
Tyskland, Frankrike och USA. | kapitel 3 sammanfattar
vi Vvar egen beddmning av utvecklingen i Sverige. Vi
anser att den statistiska tillforlitligheten ar samst i
ﬁa??das fall, men stora osdkerheter rader ocksd i USAs
all.

Alternativt kunde man anvdnda sig av leveransstati-
stiken, dwvs leveranser av energi till 6vriga sektorn.
U Men leveransstatistiken kan inte rattvist dela upp
ovriga sektorn i bostader och annat vad betraffar fasta
och flytande branslen. Ocksa leveranser av fjarrvarme
ar praglade av osakerhet. Inte heller kan man bortse
helt fran effekten av lagring av bransle som LGC
bedémer viktig for Sverige. Eftersom undersdkningen
belyser enbart bostédder kan man inte riktigt jamféra
bostéddernas energiforbrukning med dvriga sektorns.
Bostadder och "annat" har i allmanhet haft olika
utveckling och kan sagas styras av olika faktorer. Vi
anser att denna brist pa homogenitet i och for sig gor
en beddmning ganska obetydlig av den totala sektorn
utan en sarskild studie av varje delsektor.

Vi valjer i stéallet att dela upp bostader och annat
(LGC diskuterar '"annat') som egentligen medfdér mindre
osékerhet i den slutliga beddmningen an en "blind"
anvandning av leveransstatistiken utan hansyn till
forbrukningsmonstret, dwvs strukturen. Vi byter ut
enkla, "officiella™ uppgifter mot mer detaljerade
uppgifter vars egentliga innehall &ar mer osdkert men
samtidigt mer relevant.

I bilaga 1 (och Carlsson 1983) diskuteras en del av
osakerheterna och bristerna i statistiken vad betraffar
Sverige. De viktigaste angar det eviga problemet

* Detta sker mer sallan i1 Sverige och Kanada an i
ovriga lander i OECD p g a det kalla klimatet. Dock
pekar flera indikatorer pa att den tekniska
utvecklingen 1 Sverige har lett till att svenska
byggnader och bostader forbrukar mindre energi for att
direkt paverka inneklimatet an t ex byggnader i
Tyskland, Danmark eller USA.



- beddmningen av antalet l&genheter som ingar i olika
energileverans- eller forbrukningsstudier och vilka &r
bebodda och uppvarmda med vissa system eller
energislag, uppvarmning av obebodda bostédder samt
energiforbrukning i bostader som dels &ar permanenta,
dels sekundara och berékning av dubbla abonnemang i
eluppvarmda hus. Uppdelningen av el-, gas- och
fjarrvarmeabonnenter efter lagenhetstal, uppdelning av
energi for icke-bostadsandamal i jordbruksfastigheter
och bostadshus med tillhdrande lokalytor, bedémningen
av lagring av flytande bransle (mot forbrukning eller
forbranning i1 anléggningar), uppdelning av energi-
anvandningen efter omradena uppvarmning, varmvatten
osv kan ocksa leda till osakerhet om vilken energi-
forbrukning som ska réknas med. Dessa systematiska fel
och osékerheter har minskat under de senaste &rens
forbattrade energistatistik. Aven om den totala
osdkerheten i forbrukningstal for 1970 ar 10%, "ar
forandringen sedan dess (och fram till 1982) sa stor
att den osékerheten spelar en mindre roll i1 var totala
beddbmning. Vi tror att de viktigaste fdrédndringarna
under 12 ar totalt har varit storre an dessa systema-
tiska eller slumpmdssiga osékerheter.

Den konstanta utvecklingen av bostadsbestandet leder
till stora problem vad betré&ffar beddmning av de olika
energislagens utveckling. Enligt var tolkning av sta-
tistiken har nybyggnation och renovering i Sverige
alltid lett till minskad energiforbrukning for uppvarm-
ning per kvadratmeter uppvarmd yta. Man kan da férsoka
studera utvecklingen av konsumtionen enbart i bostader
byggda fore oljekrisen, dwvws under hela 70-talet, for
att sarskilja de olika effekterna. Man studerar
forbrukningen 1 nybyggnationer for sig och delar aven
upp nedgangen i energidtgangen i nya bostader pa den
fortsatta trenden. Man studerar ocksa accellereringen
p g a héjda energipriser, strangare byggnormer och ny
teknik som blev tillgénglig efter 1973. Denna upp-
delning gors nar datakvaliteten tillater. *

Egenskaperna hos det totala uppvarmda bostadsbestandet
ar alltid osakra. Uppvarmd bostadsyta, l&agenhetens
(eller bostadens) yta, vaningsytan och varmedebite-
ringsytan har forvéxlats i1 olika utredningar. Defini-
tionen av elvdrme och fjarrvarme ar aven osédkra i
manga utredningar. Enkaterna visar alltid ett stort
antal "vet ej "-svar fran folk som bor i flerfamiljshus
dar det inte gar att skilja mellan fjarrvarme, olje-
panna i huset och kvarterscentral. Problemet har ar av
mindre betydelse, energiforbrukningen &ar i véarsta fall

fel bokford.

* MarTTDorde samtidigt”uppskatta inverkan av bortfall av
lagenheter (de med samst standard men troligen ocksa
samsta energiegenskaperna), samt en stor &ndring av hus
i en branslegrupp som flyttat till eller fran denna
grupp. Detta har inte varit mojligt i den hdr utred-
ningen p g a brister i andra landers statistik. Lasarna
kan fa viktig information fran Lars-Goran Carlssons
parallellutredning.
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Byte och utveckling av system och branslen utgdr en
annan svarighet. Ett exempel harpa ar tolkningen av

anvandningen av el i smdhus i Sverige. | dag anvands el
som enda uppvarmningsenergi i knappt 60% av de smahus
som brukar klassificeras som "elvarmda™. 14 1 de

ovriga elvarmda husen anvénds aven ved och/eller olja.
Och 1 cirka 100 000 smdhus anvands el som sekundart
bransle utan att husen klassas som elvarmda. Elvarme ar
salunda ett tvetydigt begrepp.

Men aven i smdhus som enbart varms med el ar det vik-
tigt att folja den konstanta utvecklingen. Fore

1972 -5 bestod det elvarmda smahusbestandet till mer &n
50% av hus som gjorts om, framst &ldre och mindre hus
som tidigare inte hade nagon centralvarme eller som
hade pannor for ved, kol eller koks. Under peroden
1972--78 dominerades oOkningen av bestandet av nybyggna-
tioner. Efter 1978 kom andringar aterigen att dominera
Okningen av antalet elvarmda smahus, dock rérde det

sig om stora hus som tidigare varmdes med olja. Sam-
tidigt overgick nya hus och en del av de &ndrade husen
till vattenburen védrme. Aven med dagens goda statistik
over antalet smahus och den totala elforbrukningen vore
det svart att tolka de forandringar som har uppstatt i
atgangstalet

Hur stora ar dessa osékerheter? For oljeforbrukningen
ar atgangstalen ganska val dokumenterade av oljebolagen
i varje land och under senare ar av bra hushall sstati-
stik 1 varje land. Vi bedtmer att osékerheten p g a
urvals- och slumpfel i specifika forbrukningen ligger
omkring #—10%. FOr gas och el finns det en liten
osdkerhet i1 definitionen av abonnent, som inte alltid
betyder "hushall" eller "bostad", vilket gor den totala
(och specifika) forbrukningen osdker med upp till 5%.
Fjarrvarmen visar lite stdorre fel p g a definitionen av
bade kunden och sjalva fjarrvarmen som i vissa studier
blandas med olja och block- eller kvarterscentral. For
kol och koks &ar osakerheten av mindre betydelse. Vi
litar pa forsaljningsuppgifter i Frankrike och
Tyskland. FOor ved anvander vi oss av bra material fran
Sverige, Frankrike och USA men saknar fdrbruknings-
uppgifter fran andra lander.

Den andra typen av osakerhet bestar av att det ar svart
att definiera ordet "bostad". Vi tror att vi inklu-
derar alla bostader i samtliga la&nder och deras
energiforbrukning. Det finns emellertid hushall och
personer i institutioner, bostader i icke-bostadshus,
lokaler 1 bostader och obebodda bostader. Detta betyder
att antalet bostader kan vara osdkert i vissa sam-
manhang, vilket i1 sin tur betyder att den totala
forbrukningen déar den har byggts upp av komponenter,
kan vara osdker. (Ett exempel &r oljef6rbrukningen i
flerfamilishus 1976-80. SCBs urval exkluderade cirka

5 x 106 m* under dessa ar.) De viktigaste talen,
atgangstalen, ar dock mindre osakra dar de ar baserade
pa bostadsundersokningar. | vissa fall ar tyvarr de
totala atgangstalen baserade pa en grov division av den
totala leveransen med antalet 'bostéder'.
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Vi bedomer att dessa problem ligger pad totalt nivan 5%,
dvs att vara siffror ar osakra med 5%. Denna
osakerhet ar i de flesta fall mindre &n de skillnader
och fodrandringar vi presenterar. Tyvarr saknas
forbrukningsuppgifter om ved fran Kanada och Tyskland.
Det forra bedoms vara allvarligt da aven antalet hus
med ved om huvudsakligt uppvarmningsbransle véxer.
Detta betyder att Kanadas f6rbrukning kan vara
underskattad med 3-5%.

Vi far de specifika atgangstalen, dws energi per
bostad, fran ovanstdende kallor. Talen bryts vidare ned
till uppvarmning, varmvatten, spis och 6vriga el-
apparater. De grundlaggande osadkerheterna om denna
fordelning diskuteras i texten. Bara i USA och Frank-
rike ar statistiken sd upplagd att den tillater en
riktig uppdelning av faktisk fo6rbrukning, genom
regressionsanalys, efter bade bransle och anvandnings-
andamal. Vi tror dock att de mer schablonmassiga
siffrorna som anges for andra lander ger en rattvis
bild av hur forbrukningsmonstren skiljer sig fran
varandra och hur de har foérandrats under aren.
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3 ENERGIFORBRUKNING 1 SVENSKA BOSTADER 1960—1982*

3.1 Inledning

Detta kapitel beskriver energiforbrukningen i svenska
bostader och hur den har forandrats under de senaste 22
aren. Vi diskuterar ocksa vilka olika faktorer som har
bidragit till denna férandring och vi uppskattar hur
mycket energi som har sparats. VAr motivering har varit
det faktum - som vi upptackt nar vi jamfort Sverige med
andra lander - att svenska bostader har haft den lagsta
energiforbrukningen for uppvarmning per kvadratmeter
uppvarmd yta per graddag av alla landerna i OECD.

Sedan 1972, d& svenska bostader Tforbrukade i snitt

111 GJ per bostad levererad energi per bostad
(inklusive ved) har &atgangen sjunkit till 90 GJ per
bostad (tabell 3.1). Matt per primar energi har
atgangen varit nastan konstant p g a 6kad anvandning av
el for apparater, medan i friga om nettoenergin, dar vi
raknar bort omvandlingsforluster av forbranning av
branslen med olika schablonmassiga verkningsgrader, har
forbrukningen minskat fran 89 GJ per bostad till 74 GJ
per bostad. * Eftersom den uppvarmda ytan per bostad,
och aven utrustning, har okat avsevart sedan 1972, ar
den egentliga energibesparingen nagot storre. | denna
undersoékning analyserar vi hur forbrukningen o6kade fram
till 1972 och varfor den sedan dess har minskat.

3.2 Datakallor och osakerheter

Det &r svart att kartlagga den historiska utvecklingen
och strukturen pa bostadsbestandet i Sverige. Folk- och
bostadsrakningar fore 1980 innehdll inga publicerade
uppgifter om typ av varmesystem eller bostadens storlek
(i kvadratmeter). Vi upptackte dock att flera utred-
ningar som gjordes pa Vattenfalls och CDLs uppdrag,

1 vilka d& och d& har beskrivits i olika publikationer,
2 var av sadan kvalitet att vi kunde dela upp bostads-
bestandet i antal lagenheter med olika typer av system
for uppvarmning och produktion av varmvatten. Dessa
kompletterades av materialet som oljefdretagen under
flera ar hade bestallt genom SIFOs veckobussar, dvs

* FOr "att "gdra denna'"studie har Lawrence Berkeley Lab
under flera ar i samarbete med Lars-Goran Carlsson
(forr pa Statens industriverk, numera VVS Tekniska
foreningen) och en hel del myndigheter och privata
organisationer i Sverige tagit fram en stor statistik
over energiforbrukningens moénster i1 svenska bostader i
samband med LBLs projekt over energiforbrukningen i
bostader i1 en rad OECD-lander som LBL har gjort for
USAs energidepartement.

** Netto mats med omvandlingsfaktdrerna 0,66 for
flytande- eller gasbransle, 0,55 for fasta branslen och
1,0 for el eller fjarrvarme. Primarenergin mats med
schablonerna 2,89 fo6r produktion och distribu-
tionsforluster av el och 1,33 for fjarrvarme.



undersokningar av olika aspekter av hushallen i

Sverige. Vattenfalls undersokningar nadde ungefar 2 000
hushall eller bostader i alla typer av hus, medan SIFO-
materialet, med undantag av ar 1972, enbart rorde
hushall i smdhus. Under de aren dar tva eller flera
undersokningar gjordes var Overensstammelsen ganska
bra. Samtidigt hade alltid undersokningar fran Vatten-
fall rikligt material om innehav av elapparater samt, i
viss utstrackning, anvandning av el for uppvarmning.

Som vi nédmnde inledningsvis har Sverige inte haft en
energiforbrukningsstatistik (dvs "bottom-up') fore
1976. Det finns alltsa inga renodlade uppgifter om hur
mycket energi hushallen har anvant eller kopt forran de
senaste aren och aven den statistiken ar ofullstandig.
Det var emellertid mojligt att summera detaljer fran
olika delutredningar. Vara detaljberidkningar aterges i
bilaga 1. LGCs parallella utredning utgar fran samma
grunduppgifter, men behandlas pa ett annat satt. Vi
summerar har de viktigaste kallorns.

- Den stora utredningen Energi 1975 - 1985 som
publicerades 1967 av handelsdepartementet
3 inneholl en del uppskattningar av atgangstalen
vilka blev bas for en tolkning av forbruknings-
ménstret 1963 och 1965.

- Elstatistiken fran SCB har manga vardefulla data
om forsaljningen av el.

- Fjarrvarme stati stiken sedan 1973 visar liknande
information, efter abonnentkategori, som inte
alltid ar densamma som bostads- eller
hushall senheten.

- SXFO-materialet innehdll vissa varden pa
forbrukningen av eldningsolja fran 1970. Olje-
foretaget OK har sjalva 4 analyserat sina
forsaljningssiffror

- Karl Munther har analyserat OKs och visat att
det i stort sett 4r anvandbart i samband med
senare ars SCB-undersokningar, 5 vilket gor att
man har en ganska bra tidsserie for
oljeforbrukningen i smahus fran 1970.

- Storre bostadsfodretag har material som visar
utvecklingen i Tflerbostadshus vilket ocksa
ganska bra matchar den statistik som SCB har
upprattat under senare A&r.

- Vattenfall och andra har tagit fram tidsserier
av elforbrukning i smdhus vilket gor det mojligt
att tolka SCBs elstatistik fore 1977 da smahus-
undersokningen kom till.

- SCB publicerar i dag svaren pa en rad arliga
enkater som visar energifodrbrukningen 1 smahus
(ESH), fFlerfamiljshus (EFH), lokaler (EL) ocksa
nedbruten i olika hushallstyper (HEA). 0
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Allt detta tilldter en viss "bottom-up"-analys av
forbrukningen eftersom vi kanner till antalet forbru-
kare samt atgangstalen under de olika aren vad betraffar
gas-, el-, olje- och fjarrvarme. Dar kan vi berédkna den
totala forbrukningen nerifran. 85% av dagens
forbrukning ingar. Visst levererat material fran kol-
och kokslagringsmagasinet, kategorin for leveranser
till bostédder samt en uppskattning av leveranser av
fotogen till aterforsaljare, leder till vissa slut-
satser vad betraffar anvandningen av dessa branslen
vilka inte redovisas i ovanstaende material. Mot den
stora osdkerhet leveransstatistiken medfér ska vagas
det faktum att koks aldrig svarade for mer en ett par
procent av hushallens energiforbrukning efter 1970.
Fotogen, som tillsammans med gas blev populart under
slutet av 60-talet, forsvann efter 1973.

Det aterstar alltsa bara ett bransle vilket dock av
tradition har varit starkt knutet till Sverige, namli-
gen ved. Vedens roll i forbrukningen uppskattades av
EK-67 och vi har forsokt folja utvecklingen sedan 1970,
dels med en skattning eller gissning baserad pa EK-67
av den specifika forbrukningen, dels en uppskattning av
vedanvandning som kompletterande bransle i smahus med
annat bransle som bas. Denna berdkning stammer val med
de uppskattningar som SCB nu arligen gor for smahus.
Dessutom finns uppgifter fran SIND och Skogsstyrelsen

7 som stéammer bra med EK-67, SINDs andra uppskattningar
av vedforbrukning (Carlsson 1983) och SCBs smahusenkat
ESH.

Trots att vedforbrukning ar svar att mata, bade i
kalorier och ekonomiskt - den o6vervagande delen av
anvand ved ar plockat, inte képt - svarar vedens
nedgdng tom 1975 for en viktig del av oOkningen i
anvandning av andra energivaror. Stegringen i konsum-
tionen fram till 1982, da ved troligen har svarat for
33 PJ brutto energiforbrukning, ungefar samma niva som
1968 (Il), svarar 1 sin tur for en icke ovasentlig del
av nedgangen av oljeanvandningen, samtidigt som veden
har bestatt som sekundart bransle i tio tusentals -
numera hundratusentals - elvarmda smdhus. Utan att
forsoka réakna med ved i1 energiforbrukningsménstret
Overskattar man bade o©kningen av forbrukningen i bostader
fram till 1973-75 och minskningen sedan 1977.

3.3 Faktorer som har paverkat energiforbrukningen
1960 - 1982

Vilka krafter har drivit forbrukningen uppat under
perioden fore oljekrisen och nedat efter den? Inkomst-
okningen har varit viktigast, vilken i sin tur har lett
till storre bostadsyta och fler bostader per capita,
Okad utrustning, &andring i hushallens storlek och be-
folkningen. Detta har alltsd betytt fler hushall av
mindre storlek. Sankningar i de flesta reala energi-
priser hade ocksa varit viktig fram till 1972. Efter
1972 har en del av dessa tendenser fortsatt, medan
andra har andrats mycket. Tabell 3.2 visar sammanfatt-
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ningsvis den viktigaste statistiken o6ver bostéader,
boende, hushall och ekonomi.

Sverige har numera nara noll-tillvaxt i1 befolkningen
som fore energikrisen vaxte med bara 0,7% per ar och
efter 1972 med ungefar 0,3%. Men antalet bostéder har
okat avsevart snabbare &n befolkningen (tabell 3.2) och
bostadsstorleken i sin tur har okat. Detta betyder att
den totala ytan per capita, vare sig det galler bostads-
ytan eller totalytan, har okat kraftigt 1960 - 1982.
Att smahusandelen av bostadsbestandet har okat sedan
1972 har vidare &andrat bostadsstandarden, &ven om ytan
per capita i1 lagenheter i flerfamiljshus varit nastan
lika stor som i smahus. (Se LGC.)

Energipriserna har spelat en viktig roll for
energianvandningen. De reala priserna for olja och el
sjonk fram till 1972. Perioden 1973 - 1982 & andra
sidan, karaktdriserades av Okade oljepriser under
1973-75 och 1979-82, vilket reflekterade stigningen i
vardspriserna pa raolja, forsamring av den svenska kro-
nan gentemot dollarn och inférandet av energiskatter.
Nyligen sanktes oljepriset i USA men inte i Sverige pa
grund av just relationen dollar - kronor. Priserna pa
fjarrvarme och el okade inte alls sd snabbt som pa eld-
ningsolja, delvis p& grund av de fasta avgifterna pa
den sammanlagda medelkostnaden av dessa energikallor. |
slutet av 1970-talet producerades el framst med vatten-
och karnkraft, medan fjarrvarme alstrades av mottrycks-
kraft fran olja och avfall liksom direkt foérbranning av
ung olja. Elen beskattas direkt, likasa den olja som
anvands som huvudsakligt bransle i fjarrvarmeverk. |1
slutet av 1982 fanns det nastan ingen skillnad pa
marginalpriserna pa levererad varme fran el, fjarrvarme
eller olja. | nasta avsnitt studerar vi narmare den
faktiska utvecklingen i de svenska bostadernas stan-
dard och energiforbrukning.

3.3.1 Den svenska bostaden

Bostadsstandarden, som kan matas i bostadsyta per
capita, Iinnetemperatur och/eller CV-téckningsgrad, ar i
dag hogre i Sverige an i nagot annat land i var studie.
Den var ocksd overlagset hogst i Europe 1960 da CV och
rinnande varmvatten redan fanns i nastan 75% av alla
lagenheter och tackningsgraden av de flesta elapparater
var hdég. (Tabell 3.3) Sedan 1960 o6kade bostadsytan per
capita fran 27 m2 1960 till 39 m2 1982, uppvarmd yta
nagot mer och CV-penetrationen nadde 99% 1982. Den hdga
CV-penetrationen medforde en hdg varmvattenspenetration
98% 1970. (I Frankrike 1982 nadde man endast 86%.)

Under 60-talet okade inte antalet smdhus, medan antalet
Flerfamiljshuslagenheter véxte starkt p g a miljon-
programmet. Smdhusens andel Okade ater efter 1972 och
1ag 1982 pa nara 45% av alla bebodda lagenheter. Dock
medforde detta egentligen ingen andring i den totala
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energiforbrukningen, da flerfamiljshus har lika hog -
och i manga fall hogre - energidtgang (per capita eller
per kvadratmeter) som smahus.

Dessa andringar summeras i figur 3.1 dar vi som index
visar (1960 = 100) befolkningen/bostaderna, bostads-
ytan och den totala forbrukningen (levererad och
primdr). De tre skuggade omrddena i figuren represen-
terar da okningen (eller minskningen) i bostader per
capita ([boendetédtheten] ~), bostadsytan per bostad

och energidtgangen. Diagrammet visar tydligt att det
mesta av den totala tillvaxten av primar eller sekundar
energianvandning péskyndas av 6kningen i bostadsyta per
capita. Okningen av energikonsumtion per ytenhet, eller
atgangen, var framfor allt en foljd av okad installa-
tion av centralvarme, som 1972 hade natt 95%. Efter
1973 borjade dessa tryck avta, Tforst genom att CV och
apparaterna nadde en mycket hog matningsgrad, sedan i
och med att energibesparingen reducerade energiatgangarna
och sist ndr okningen av bostadsytan per capita avtog i
bérjan av 80-talet. | andra lander véxte dessa faktorer
snhabbare an i1 Sverige - man borjade med en véasentligt
lagre standard - fram till borjan av 80-talet, sa att
den minskning av energidtgangen i hushall med CV och de
flesta stora apparater utjamnades av Okningen 1 andelen
hushall med CV och dessa apparater.

Hbga priser tycks ha hejdat o6kningen av
energiforbrukningen. Men faktum &r att den dominerande
orsaken till okningen av forbrukningen har varit struk-
turandringen eller standardokningen: Tflera bostéader per
capita, stdrre bostader, storre andel centralvarme och
varmvatten och hdgre innehav av elapparater. Efter 1973
avtog denna Okning, vilket, tilsammans med oljekrisen,
ledde till en stagnering eller nedgang i totalfor-
brukningen och en stark reduktion av atgangen. Men &ven
utan oljekrisen hade energiatgangen sakerligen slutat
oka, eftersom alla bostader hade fatt en riktig
energikomfort. FOr att se detta visar vi nu vara nya
uppgifter som uppvarmningsstrukturen 1960 - 1082.

3.3.2 Uppvarmningsstrukturen

VAr undersokning har kartlagt den faktiska utvecklingen
av uppvarmningsbranslen och system nar vi fann en del
material fran Vattenfall, SIFO och enstaka oljeforetag.
Andelen ved fram till slutet av 60-talet - och vedens
aterinforing sent pa 70-talet - ar imponerande och viktig.
Den snabba andringen av monstret bade for smahus och
for flermamiljshus ar imponerande, som figurerna 3.2
och 3.3 visar. Den snabba nedgangen av oljekonsumtionen
mellan 1972 och 1982 i flerfamiljshusen ar delvis miss-
visande, da fjarrvarmen 1982 mest var baserad pa olja.

I framtiden kommer manga kommuner att ersatta oljan med
annat bransle.

I nya hus har ocksa andringar inférts, dock redan innan
1973. D& var el dominerande i nya smdhus medan fjarr-
varme svarade for de flesta nya lagenheterna. Sedan
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mitten av 70-talet Okade dessa tva uppvarmningssatt
ocksd fran konverteringar. Nara 100 000 smdhus gick
over till el mellan 1981 och 19821 Att smdhus och fler-
familjshus har ganska olika uppvarmningsmonster beror
pa den hoga tatheten i ffh omraden vilket gor fjarr-
varme attraktivt och den hdéga andelen smdhus med till-
gang till ved. 1982 forbrukade nara 1/3 av smahusen

ved i nagon uppmatt utstrackning, hogst bland OECD-
ldnderna med en hdg uppvarmningsstandard. | allt
anvande nara 300 000 smahus tva eller fler branslen
1982, en stark oOkning fran 1975 da - enligt var
tolkning SIBS byggnadsundersékning* och en SIFO-enkat -
multibransleanvandning forekom endast i 10% (eller
farre) av smahusen och da mest i kombinationen el - ved
eller med en panna med elelement som mindre supplement.
Sveriges oOvergang till blandade system med mycket ved-
eldning och allbranslepannor &ar ganska unik for OECD.
Ar 1982 kunde Tfler smdhus anvanda bade olja och ved an
enbart olja! | USA, Kanada och aven i Danmark har
vedanvandningen varit betydande men aldrig i den
utstrackningen och med den avancerade teknik som i
Sverige.

3.4 Utvecklingen av energifdrbrukning i Sverige
1960 - 1982

Vi har lagt ner stora resurser under flera ar for att
kartlagga den faktiska forbrukningen av energi enbart i
bostédder i Sverige och flera andra OECD-lander.** Den
officiella statistiken har bara sedan slutet av
70-talet tilldtit en inventering av forbrukning i
bostader, men vi har fatt en hel del material fran
olje, el och gasbolag samt energiverken osv. Vi har
ocksad funnit mycket vardefullt material i den gamla
energikommitténs rapport fran 1967. var metod ar
beskriven i bilaga 1. ® Dar anger vi ocksd vara
berakningar av bade strukturen och atgangstalen for
varje anvdndning och bransle, samt den totala anvand-
ningen.

Vi visar sammanfattningsvis tva bilder av energifor-
brukningens monster i svenska bostader. Vi ger tva
exempel pa vara grundberakningar i tabellerna 3.4 och
3.5 dar vi visar vara varden for 1970 och 1980. 1| dessa
matriser visas alltid totalforbrukningen av varje
bransle for varje andamal, antal forbrukare och den
specifika atgangen. Oljedtgang och totalforbrukningen
av gas, el och fjarrvarme ar de mest palitliga.

* Stig Hammarsten, SIB, har utarbetat en del korsta-
beller at oss vilka visar anvandningen av flera
branslen.

** | de flesta lander avrapporteras energileveranser
till den sa kallade "oOvrigsektorn" som en restpost
efter transport, industri och energisektorn. Leverans-
statistiken har manga brister, varfor vi i stallet har
valt att bygga "bottom-up" med forbruknings- och
atgangstalen.
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Anvdndningen av ved, fotogen och koks (samt fjarr-
varme fore 1973) &ar osdkrare. | dag svarar fotogen, gas
och koks tillsammans for mindre an 1% av totalforbruk-
ningen. Mellan 1965 och 1970 vad de mycket viktigare,
varfor det ar betydelsefullt att kartlagga hur de
forsvann och vilka branslen som kom som ersattning. Den
storsta osdkerheten med el (och fjarrvarme) galler
antalet abonnemang och deras klasser. | LBL-studien
berdknade vi matriser for flera ar mellan 1963 och
1982.

Figur 3.4 visar branslemdnstret samt den totala
forbrukningen. DAar ar nedgangen av koks- och
vedanvandning pa 60-talet och olja pa 70-talet klar,
liksom uppgangen av fjarrvarme och el. | figur 3.5
visas var uppdelning av forbrukning per bostad i fyra
olika anvandningsomraden: uppvarmning, varmvatten,
matspisen och ovrig el for elapparater. Uppdelningen
mellan varme och varmvatten ar baserad pa schablon-
berakningar. | andra lander ar det inte alltid si att
varme och varmvatten produceras i samma system eller
med samma bransle, vilket underlattar en separat
uppskattning av energiforbrukningen for dessa andamal.
Gas- och elforbrukning 1 matspisar uppskattas av gas-
och elverk. Resterande el hanfoérs till eldrivna
apparater, dws apparater som bara kan anvénda el
(emellertid tillsammans med lite varmvatten i disk- och
tvattmaskiner). Aven i fraga om osidkerheterna har pro-
portionerna andrats under tidens gang.

Figur 3.5 visar en ganska stor minskning av nettoenergi
per bostad (och en uppdelning av primdr energi per
bostad, vilket inte visas). Vi har antagit att
minskningen kan hanfdras till uppvarmnxgen. Vi visar
dock en liten nedgadng i varmvattensdtgangen. Denna &r
egentligen en schablon eftersom fd separata matningar
av bade varme och varmvatten har gjorts i Sverige. Den
totala minskningen &ar dock inte fdrsumbar och visar att
Sverige har sparat energi.

En anledning till att minskningen pa senare ar inte
varit sd stor ar att andelen smdhus okat. | vart
referenssystem, dar lagenhet eller hus ar en nor-
maliseringsenhet, sker en schablonuppgang enbart p g a
andring i bostadsbestandets struktur. Eftersom bostads-
ytan hela tiden t6kade ar nedgangen i energi per
kvadratmeter nagot storre an nedgangen som visas har
(se LGC). Om vi i stéllet hade tagit netto- eller
primar energi hade vi fatt nagot mindre respektive
ingen minskning alls. Detta beror pad att ersattningen
av olja med el och fjarrvarme har medfort vissa produk-
tionsforluster som belastar samhdllet i alla fall och
som mats av primarenergi. Primdr energi har ocksa okat
p g a 6kad anvandning av el for apparater.

I denna studie har vi matt energibesparing som en
nedgadng i energidtgangen, dwvs mangden anvand energi
per bostad. Dock finns det skal att normalisera
energiforbrukningen till andra kvantiteter, de som
motsvarar den underliggande strukturen. (Tabell 3.6)



Vi har valt att dividera uppvarmningsenergin (nhetto)
med bade kvadratmeter och graddagstal for att
underlatta en noggrann jamforelse med andra lander. FOr
varmvatten dividerar vi nettoenergi med antalet per-
soner, vilket ar det enklaste mattet pa varmvattens-
behovet. Vi fdrbiser spisen, som i dag endast
marginellt paverkar forbrukningen, medan vi nor-
maliserar el for hushallsandamal med disponibel

inkomst, som ett matt pa de boendes fdrmaga att skaffa
sig elapparater.

Nar man omvandlat atgangstalen till dessa indikatorer
far man en annorlunda bild av forbrukningen. Uppvarm-
ningen hade endast okat marginellt fram till 1972 da
standardhéjningen utjamnades genom battre byggnader och
installationer. Efter 1972 accelererades nedgangen av
de hdjda energipriserna och andra faktorer. Den svagare
okningen av elapparaternas elforbrukning efter 1975 har
paverkats bade av det avtagande innehavet (Saturationen)
och en tendens till forbattrade egenskaper hos nya
apparater, som dessvarre ar daligt dokumenterad vad
betraffar hela apparatforsaljningen i Sverige. Upp-
gifter fran Electrolux tyder pa att apparaterna blivit
battre i Sverige. Den lagre okningen i1 elfdrbrukningen
i relation till inkomsten ar ocksa ett matt pa for-
battrade apparater.

3.5 Narbild av besparingar sedan 1973

Minskningen av energidtgangen eller indikatorerna tyder
pad en ordentlig minskning av energiforbrukningen som
betyder besparing. Vad har egentligen hant i Sverige?
Var har man sparat energi?

3.5.1 Energibesparing i smahus

I tabell 3.7 och figur 3.6 visar vi energiforbrukningen
for uppvarmning och varmvatten i smahus varmda med
olja, el (icke-jordbruksfastigheter) och fjarrvarme.
Dessa klasser svarar for 85% av energiforbrukningen i
smdhus. For att tolka siffrorna maste man uppskatta
andelen varmvatten, uppmédrksamma den véxande bostads-
ytan och uppskatta inverkan av sekundara branslen.

3.5.2 Oljevarmda hus

Vi har samlat uppgifter om oljeforbrukningen fran OK
(1972-1983) 9 BP, Shell (1970-1975) och SCB10 (ESH
1977-1982) . SCB-materialet ar indelat i1 kategorierna
enbart olja, olja plus ved, osv. Alla kallor stammer
overens for &ren 1977-1980, dar OKs material, baserat pa
de fyra sista automatiska leveranserna till kunder som
inte anvander ett annat bransle, SCVs kategori enbart
olja och OKs &tgadng for 1972, stammer med varden fran
andra bolag. Efter 1980 faller emellertid oljebolagens
varden bort fran SCBs enbart-olja-grupp, ett matt pa
att aven oljekunder med automatiska leveransbestall-



ningar gatt over till tva eller tre branslen. Att OKs
kunder i Smaland och Norrland, Sveriges mest vedrika
landskap, dessutom alltid avvikit mest fran forvantade
varden, betyder att de alltid haft vedeldning vid sidan
om oljeeldning!

Enligt OKs material foll forbrukningen (i alla omraden)
bade efter 1973 och under perioden 1975-78, da
oljepriserna stagnerade eller f6ll och atgangarna steg
de flesta lander. Detta kan 1 och fér sig vara en indi-
kator pa att sparprogrammet i Sverige, som startades
tidigt, fungerade. Tyvarr saknas konkreta tem-
peraturmdtningar vilka skulle visa hur temperaturen
andrades under tiden. Alla siffror tyder pa att
atgangen fallit 1979-81, dock inte sd brant i Sverige
som i andra lander. Detta kan bero pad att hus i Sverige
redan var bra isolerade, Ttom tillaggsisolerade sa
att incitamentet att minska pa kort sikt var mindre och
att den minskningen redan skett under aren 1975-78.

Vilken roll spelade de sekundara brénslena under 19827
Vi uppskattar att 18 PJ ved och 4,5 PJ el f6rbrukades
som sekundara branslen, darav 10 PJ ved och 3 PJ el i
flera hundratusentals hus som varmts huvudsakligen med
olja (mot hogst 2 PJ ved och 0,5 PJ el 1975 over
avsevart farre villor). Ovrig ved och el anvidndes i hus
med el eller ved som huvudsakligt brénsle, eller i kom-
bination med koks, fotogen osv. Eftersom totalforbruk-
ning av olja (inkl 1 varmecentraler) for
smahusuppvarmning uppgick till 78,8 PJ betyder det att
sekundara branslen utgjorde drygt 14% av forbrukningen
(exkl apparater och matspis) i oljevarmda smdhus. Men
aven den totala atgangen, 130 GJ per lagenhet
(levererad) é&ar vasentligt mindre an den var 1972, drygt
160 GJ per lagenhet. Smahusagarna har sparat bade olja
och energi!

Totalt sett har oljeandelen i smdhusens energimonster
sjunkit ganska snabbt, ar 1972 fanns det i Sverige
cirka 920 000 villor som ndstan enbart anvénde olja
(cirka 69% av bestandet), darav undefar 50 000 med olja
och ved och/eller el. Olja dominerade helt
energianvandningen, cirka 155 PJ, med de sekundéara
brédnslena av mycket mindre vikt. Under 1982 hade
siffran for enbart olja sjunkit till 410 000 eller 26%
av bestandet, medan de blandade energikallorna svarade
for 19%. Cirka 200 000 hade lamnat oljan och gatt over
till ved eller el. Oljeforbrukning i villorna uppgick
bara till 79 PJ, en minskning med 51%. Denna sankning
av oljans andel av det uppvarmda bestandet och
bransleforbrukningen ar o6verraskande snabb, speciellt
om man betanker att oljepannebestandet svarade for over
70% av det totala bestandet.

3.5.3. Elvarmda smahus

Elvdrmda hus har haft en annan utveckling (Ffigur 3.6).
Under slutet av 60-talet dominerades o6kningen av



elvarme av konverteringar av aldre, icke elvarmda,
smahus till el. Forst 1975 var antalet elvarmda smahus
byggda efter 1965 stérre an antalet konverteringar. Pa
grund av nybyggandet vaxte den uppvarmda ytan per hus
under hela perioden och darefter. Bada dessa faktorer
medforde hogre elforbrukning per hus, men troligen
lagre forbrukning per kvadratmeter eftersom de nybyggda
husen var mycket battre isolerade an de aldre. Efter
1975 foll atgangen enligt SCBs elstatistik. Efter 1978
blev det ater ett intresse for konverteringar, Tframfor
allt till vattenburen el och andelen nybyggnationer med
vattenburna elpannor eller kombipannor oOkade. Detta
medforde ocksa att forbrukningstalen, bade per bostad
och per kvadratmeter, inte sjonk trots Tforbattrade
byggnadsskarmar i nybyggandet. Ar 1982 var genomsnitts-
forbrukningen for en abonnent med elvarmt smahus
(enligt SCB) hogre &n 1981. ESH visade endast en liten
nedgadng per kvadratmeter i hus som bara anvande el,
vilket inte ens motsvarar det mildare klimatet 1982
jamfort med 1981. Detta innebdr bland annat att en hel
del storre, aldre hus har konverterat till vattenburen
el, vilket har okat elbehovet. Men vi tror att man
egentligen har sparat i elvdrmda hus. Var uppskattning
av Fforbrukningen per kvadratmeter, med avdrag for varm-
vatten och hushallsel, visar en minskning med 10-15%
1972-82. Att minskningen inte var stérre kan bero pa
att de reala priserna pa el knappast okat mellan 1972
och 1982 jamfort med den valdsamma okningen av
oljepriserna!

I mdnga studier har den sa kallade '"dolda elvarmen"
blivit avsléjad. 11 Dold elvarme &ar néar man anvander
el for uppvarmning utan att ha ett elvdrmeabonnemang
som kan vara fallet om el anvands 1 begransad
utstrackning som sekundar varmekéalla, t ex for som-
marens varmvatten. Under perioden 1977-82 Okade antalet
hus som anvédnder el som sekundar uppvarmningsenergi
utan att skaffa elvdrmeabonnemang till cirka 75 000
hus. Detta betyder att den 6kning av”~specifika elbehovet
i hus utan elvarme framst kan bero pa denna dolda
elvarme. Hushallselen har knappast ¢kat alls. Inter-
nationellt sett har Sverige det mest gynnsamma for-
hallandet mellan elpriset och priset pa annat bransle,
vilket gor att allt fler gar o6ver till el nar~det inte
I6nar sig att elda med olja, namligen under var, sommar

och hést. | USA och Tyskland hander det ofta att
oljevarmda smadhus alltid haft elbaserat varmvatten. |
USA har man varmvattenberedare, i Tyskland genom-

stromningsapparater. Detta kan vara nagot att satsa pa
i Sverige och i Danmark dar kopplingen varme-varmvatten
fortfarande ar stark. En bra serie matningar pa

hushall i Sverige som borjat anvanda blandat system
vore onskvard for att kartldgga hur langt man skulle
komma med kombinationen el - olja.

3.5.4 Fjarrvarmda smahus

Energidtgangen i fjarrvarmda smadhus visas ocksa i figur
3.6. Den nedgangen vi har registrerat ar dock delvis
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missvisande. Antalet smahus med fjarrvarme har okat
mycket starkt fram till 1981 p g a gruppbyggnation.
Eftersom varje Aars byggnader ar battre isolerade,
forvantas en nedgang av den totala leveransen dividerad
med antalet hus ndr nybyggandet upptar en stdrre del av
forbrukningen. * Samtidigt finns det gott om anekdoter
om fjarrvarmda smdhus som ar "for bra" isolerade, sa
att fjarrvarme som uppvarmningsenergi kan knappast
motiveras. Vi antar att mellan h&lften och tva tred-
jedelar av nedgangen i fjarrvarmeintensiteten ar
"energibesparing” och resten beror pa statistik. | den
verkliga nedgangen ar dock nybyggnationens inflytande
mycket starkt. Sekunddra bréanslen bedéms ha en minimal
effekt. For att battre bedbma den faktiska utvecklingen
av fjarrvarme vore det onskvart att SCBs smahusstati-
stik ocksa inneholl uppgifter om fjarrvarmeforbrukning
och annan statistik.

3.5.5. Energibesparingsinvesteringar i smahus

En viktig fraga ar att separera nedgangen av flera
olika effekter och orsaker. Energidtgangen sjunker om
huset bebos av farre manniskor, om bestandet fornyas
(eller o6kar) néar nya hus byggs battre &n aldre eller
nar folk avsiktligt investerar i atgarder som minskar
energiforlusterna fran varme- och varmvattenssystenm,
byggnadsskédrmar eller elapparater, eller om folk
minskar sin efterfraga pa energitjanster, dwvs minskar
pa varmvattensforbrukningen, innetemperaturen osv. Alla
faktorer maste antas vara lika viktiga om inget annat
har pavisats. Vi tror dock att den hoga andelen smahus
dar man gjort investeringar, enligt Bostadsstyrelsens
statistik for erengisparlan och -bidrag samt ESHs enkat
om vidtagna atgarder med eller utan offentligt stod
(figur 3.7) tyder pa att det ar teknik och nybyggnation
som svarar for den storsta delen av nedgangen, darefter
beteendet och sedan demografiska faktorer sasom
boendetéthet

Vi har studerat energibesparingsmonstret i smahus. |
samband med Marshall-studien behandlades”~SCB-material
fran ESH som visade frekvensen av olika atgarder eller
atgardspaket. Tva fragor var aktuella.

- Har manniskors tillgang till sparpengar - spar-
programmet - paverkat sparatgarderna?

- Finns det ett monster bland sparare och icke-
Sparare?

*Det~finns "en osdkerhet i definitionen av antalet
lagenheter i en husgrupp. Det kan betyda att antalet
hus registrerade 1 statistiken, vilket var lagre &n
faktTska-antatet forr, men har okat snabbare an fak-
tiska antalet, numera ar identisk med det faktiska
antalet. Nar man dividerar fodrsaljningen med antalet
smahus (som arets medelvarde) far man en besparings-
effekt genom denna snabba 6kning.
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Det sa kallade hogskoleprojektet (HSP) visade att
atgarderna i smdhus i stort sett resulterade i de
forutsedda besparingarna &ven om den individuella
besparingen i ett enstaka hus avsevart avvek fran
genomsnittet. En del av HSP-resultaten aterges i tabell
3.8. Nar den uppnadda besparingen avvek fran den
forutsedda, kunde man rakna ut varfor. HSP pavisade da
att programmet var tillrackligt for att ge energi-
besparing som HSP konstaterade bestod och inte blev
"uppaten”™ av hogre komfort. Men var programmet
nédvandigt? Hade man kunnat spara utan program?

Andelen smahus dar sparatgarder har vidtagits (de tre
hogsta delarna av varje stapel i figur 3.8) ar
imponerande. Aven ganska stora atgarder finns med. |
Energisparkommittens egen bedémningi2 Uppger man att
20% till 25% av alla smahusen tillaggsisolerades mellan
1978 och 1981. Det ar ganska iImponerande siffror. |
andra lander har den procentuella reduktionen i
atgangen varit stiorre men pa mycket kort sikt och alla
enkater tyder pa att frekvensen av stora atgarder ar
lagre &n 1 Sverige. Eftersom det svenska bostads-
bestandet redan 1972 var bast i OECD finns det inget
skal att tro att programmet kan ha stimulerat
investeringarna

Samtidigt finns dock tecken pa& att programmet hade
nagra mindre effekter. Figur 3.8 visar att andelen
hushall som gjort investeringar styrdes av bostadens
alder, vilket vi vet starkt paverkar dess energiatgang.
Andra siffror fran samma SCB-statistik visar att en
storre andel hushall vidtog atgarder om de bodde i
oljevarmda hus &n om de bodde i1 elvarmda, for varje
argangsgrupp, dvs for varje byggperiod som SCB-
materialet redovisar.

Men mest forvanande var att det stora antalet atgarder
som var berattigade till stéd men som vidtogs utan
stod, var lika hogt som antalet atgarder som vidtogs
med stdéd (Figur 3.7). Detta betyder att programmet
mojligen hade en mindre direkt effekt an vad man
trodde. Svensken var redan vid forsta oljekrisen ganska
val forberedd - internationellt sett - att investera,
medan i andra lander det mest rorde sig om de enklaste
strukturer - installations- eller beteendeadtgarder. Men
vi tror ocksd att programmet hade den effekten att det
drog igang ett spartekniskt medvetande som vi Taktiskt
inte sett nagon annan stans varken i Nordamerika eller
pa kontinenten. Endast i Danmark, dar smdhus byggda
fore 1972 var vasentligt samre isolerade an hus i
Sverige och dar inkomststegringen har varit mycket
samre an i Sverige, finns det lika stort intresse for
rikliga sparinsatser

Ytterligare aspekter ar vérda att poédngtera. FOr det
forsta var antalet hus dar man bara atgardade byggnads-
skalet mycket litet, vilket visar att bostadsbestandet
i Sverige var mycket bra redan innan 1973. Dessutom kan
man inte nd en bra besparing med en stor insats i bygg-
nadsskdarmen utan att man ocksa gor om installationer,



dimensionering, trimning och reglering. Vidare kan
hushall som besvarade EHS med att de inte hade vidtagit
nagra atgarder antas ha haft en lagre omsattning an
hushall som hade atgardats. Detta kan bero dels pa
inflytande av beteendedtgarder i hus utan investeringar,
dels pa det ekonomiska incitamentet att investera, som
i och for sig ar storre i storre hus eller i daliga
hus. | smdhus av en viss atgang som redan 1973 hade 1&g
forbrukning (eller som hade fdrbattrats dessférinnan)
hade man mindre iIntresse av att investera mer pengar.
Tyvarr ar tolkningen inte entydig men visar pa att
programmet (med eller utan stod) har natt den gruppen
som bor ha sparat (i den ekonomiska meningen), eftersom
HSP visade att insatserna i och for sig lyckades. Vad
som behdvs i dag ar en kartlédggning av forbrukningen i
smahus fore och efter atgarderna oavsett om de sparade
eller ej och oavsett om de deltog i1 det statliga
programmet eller ej.

3.5.6 Orsakerna till energinedgangen i smahus

Oavsett vad orsakerna eller de stimulerande faktorerna
var tror vi att nedgangen i energidatgang (per kvadrat-
meter) i smdhus i Sverige sedan 1973 - 25% i oljevarmda
och fjarrvarmda, 15% i elvarmda hus - till 75% beror pa
teknik och nybyggnation och endast till 25% pa beteende
eller demografi. Vi kan forklara var asikt med en enkel
figur. | figur 3.9 visar vi forbrukningen av energi
(netto) for varme och varmvatten for alla smahus. Vara
Fforbrukningsuppgifter, behandlade av LGC med hansyn
till den uppvadrmda ytan 1970, visas 1 vanstra stapeln.

I nasta stapel visas motsvarande uppgifter for smahus
1981 som byggdes 1970 eller tidigare och som fort-
farande anvandes 1981. | tredje stapeln visas smahus
byggda 1971-80.* Av nedgangen mellan 1970 och 1981 i
det kvarvarande bestandet (32%) tar vi bort en liten
del for det andrade utnyttjandet av husen (3 procent-
enheter) och ett okat bidrag till gratisvarme fran
hushal lsapparater, cirka 5 enheter. Resten kan kallas
for besparing.

Men andelen smahus med CV oOkade fran 86% till 97% under
perioden som i1 och foér sig medfort okad forbrukning.
Detta skulle betyda en nagot 6kad forbrukning per
kvadratmeter. Detta innebar att den faktiska forbruk-
ningen bor jamféras med en nagot hogre niva an

210 kWh/m2, som motsvarar en fordubblad varme/varm-
vattensforbrukning i 5% av det aldre bestandet och

fick CV. & andra sidan har minskningen av ungefar 12%
av 1970 ars bestand eliminerat de samsta husen och den
minskade boendetatheten (7% mindre 1981/1970) svarade
dessutom for en liten nedgadng. Dessa faktorer kan svara
for 4-5 procentenheter av nedgangen.

aterstaende minskning kan kallas for energibesparing.
* Har har LGC raknat med verkningsgraderna 66% olja och

gas, 55% ved, 92% el och fjarrvarme, vilket avviker
nagot fran vara tidigare siffror.



En del kan bero pa temperaturforandringar. En enkat
utford for Vattenfall 1973 visade att den
genomsnittliga temperaturen i hushall som rapporterades
lag mellan 21 C och 23 C. Kr 1981 lag motsvarande tem-
peratur mellan 20°C och 22*C (enligt SCBs HEA-enkat)
som motsvarar temperaturen SIB har uppmatt i tusen

hus och lagenheter, 21,4°c. 13 Detta vittnar om att
svensken i snitt har sankt temperaturen mellen 2 och 3
grader mellan 1972 och 1981, vasentligt mindre an i
andra landers lagenheter med CV, men tillrackligt for
att ge en besparing pa mellan 10% och 15%. Detta
betyder en sankning till 175 kWh/m2, efter ovannadmnda
justering for standardoékningen, boendetédtheten och riv-
ningar. Resterande sankning, 36 kWh/m2, kan harledas
till tekniska forbattringar i bestidndet. Detta innebar
att mer an 2/3 av energibesparingen i svenska smahus
har uppstatt genom tekniska forbattringar. | de andra
landerna vi har undersokt tror vi att teknik endast har
svarat for 1/3 och beteende fo6r 2/3 av sankningen.

Den sista stapeln i figur 3.9 visar energifdrbrukningen
i nya smdhus byggda mellan 1971 och 1980. Nivan ligger
lite under 1970 ars bestdnd. Att den inte Iigger mycket
under beror pa forbattringar i det aldre bestandet

samt att de allra t&taste husen bara har marginell
inverkan pa hela bestandet.

For att studera denna nedgang har vi undersokt ned-
gangen i k-varden - enligt laneobjektstatistiken - i
samtliga smadhus byggda med statligt lan samt i total-
produktionen av en hel del husfabriker pa 70- och 80-
talen (figur 3.10) och funnit att nedangen i k-varden
har varit kontinuerlig sedan 60-talet, med m&jligen

en liten 6kning after 1973 eller nar SBN-75 trédde i
kraft ar 1977. Det finns i samtliga kurvor inget tecken
p&d att SBN-75 sjalv orsakade denna drastiska nedgang i
forbrukningen eller en andring i byggtekniken. Kraven i
SBN-67, SBN-75 och ELAK visas i kurvorna.

Utifran ar det ganska latt att se pd de internationellt
sett stranga nominella krav som SBN-75 staller pa nya
hus, vilket ger det intrycket att normen &r den vik-
tigaste drivkraften. Men hela tiden har den teknik som
kopts och installerats varit battre an kraven. Stéd

for detta kommer direkt fran belaningssystemet som
rikligt har betalat husbyggare eller -kdpare for deras
insatser av energibesparande atgarder i nya hus.* Forst
i ELAK-normen, vilken tradde i kraft den 1 januari 1984,
kunde man se en norm som krdvde mer &n som var genom-
snittligt for dagen. Figur 3.11 visar nedgangen i
smdhus efter alder, i detta fall hus som enbart anvande
el 1981. Den langsamma utveckling av forbrukningen i
yngre smahus, utan hopp 1977, kan vara bevis pa att
svensk teknik redan var anpassad till de nya kraven.**

* Detta har undersokts 1 Marshall Projektet.
** Att forbrukningen hoppar 1976 kan bero pa slumpfel.
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Tyvarr saknas riktiga matningar som kunde vara repre-
sentativa for hela perioden, all byggnation och alla
olika branslen. Emellertid visar uppgifter om smdhus
byggda av ABV i Goteborgstrakten under olika ar (tabell
3.9) en synbar nedgang i forbrukning i samband med
skarpning av byggnaders energitathet. Dessutom kan man
konstatera att de merkostnader for att kommer ner fran
nivan mellan SBN-67 och SBN-75, dwvs fran 70-talets
teknik till ndgot battre an SBN-75, var sma, med en
investering per arlig inbesparad kWh p& nara en krona.
Kostnaderna for att uppfylla ELAK-kraven daremot &ar mer
osdékra, sasom resultaten fran att forsoka mota dessa
krav visar. Emellertid har vi fatt indikationer pa att
det blir dyrare, i storleksordningen 15 000 SEK/smahus
och dyrare per inbesparad kWh. 14 Det ar darfor viktigt
att folja upp forbrukningen i alla nya smihus for att
kunna bed6ma huruvida tendensen for forbruknings-
minskningen har fortsatt och de uppnadda besparingarna
motiverar fortsatta investeringar i1 forbattrad teknik.

3.5.7 Energibesparing 1 flerfamiljshus

Energiforbrukningen i flerfamiljshus ar svar att
kartlagga pa riksniva for 1976 da SCBs egen Energista-
tistik for flerfamiljshus (EFH) och Energistatistik for
lokaler (T977) drogs igang. Statistiken vi har fatt
fran Riksbyggen (opublicerade) och fran HSB tyder pa
att en lagenhet med CV kravde cirka 77 GJ 1970 for
varmvatten och uppvarmning, med en netto bostadsyta pa
65m2 och en brutto uppvarmd yta pa cirka 70m2 (mot

73m2 i dag). Detta ger en atgang pa 1,1 GJ/m2. Samma
grupp av byggnader ligger pd 0,81 GJ/m2 i dag. Dessa
byggnader ligger bade under HSBs genomsnitt och under
riksgenomsnittet 1978-1981 varfor vi tror att en repre-
sentativ atgang for alla oljevarmda lagenheter 1970 var
ndra 1,2 GJ/m2 eller 84 GJ/lagenhet.* Fjarrvarmda
lagenheter visar en mindre nedgang, delvis pa grund av
att bestandet var yngre, delvis p g a att okningen i
bestandet mest beror pa andringar av aldre byggnader
sedan 1973, delvis p g a att en del besparingar som
gjorts i produktions- och distributionsleden inte har
registrerats i var statistik.

Totalt sett tror vi att samtliga oljevarmda lagenheter
(inkl kvarterscentraler) har minskat atgangen med 20%
1970-1982 och fjarrvdrme med 10%. Grovt raknat har
bestandet gatt ner fran 0,85 GJ/m2 1970 till 0,69
GJ/m2 (netto) i 1981 ars kvarvarande bstand. Nybyggna-
tion (1971-1980) kravde ungefar 0,65 GJ/m2.

Det ar inte forvanande att nedgangen varit mindre i
flerfamiljshus an i smdhus, da flerfamiljshus i regel
saknar individuell debitering for vdrme och varmvatten.
Enkaterna om temperatur tyder pa att temperaturen
alltid har varit hogre 1 centralvdrmda lagenheter &n i

* Vi antar a'tt en Titer olja - blandad EO1 och E02-5 -
inneholl 37,2 MJ 1970 mot ungefar 36,8 GJ 1981, da EO1
utgjorde en mycket stoérre andel av forbrukningen.



smdhus, men att den har sjunkit fran 23°C 1970-73 till
21,5‘C 1981, som matts av SIB. Men temperatursankningar
har hjalpts mycket av tekniska justeringar och att iso-
leringsatgarder, speciellt i samband med renoveringar,
har givit en teknisk besparing. Agarna eller for-
valtarna i1 Sverige har paradoxalt nog hdgre incitament
att minska atgangen an de boende. X andra lander har
man oftare direktdebitering av energi men ett mycket
mindre intresse fran agarna eller hyresvardarna att
forbattra bestandet. Vi tror att besparingen i Sveriges
flerfamiljshus, som kan bli mycket stérre i1 framtiden,
emellertid ar mycket god och att det mest beror pa
teknik

Har har sparprogrammet spelat en viktig roll. En hel
del fastighetsagare och forvaltare angav till HSB att
de aldrig skulle ha investerat i sparatgarder utan
programmstdd. Det kan tankas att programmet verkligen
okade dessa investeringar, speciellt i hus med
kallhyra, dwvs dar hyresgasterna betalar for energin
utan direktdebitering men ovanpd hyran.

3.6 Beteendets roll

Det &ar val kant att beteendet spelar en viktig roll i
energiforbrukningen. Aven om husets och installationer-
nas tekniska egenskaper bestédmmer hur mycket energi som
kravs for en viss tjanst sd ar det manniskan som kraver
energitjanster, dwvs en viss temperatur, en viss mangd
varmvatten, innehav och anvandning av tvatt- och disk-
maskiner osv. Som namnts ovan har SIB m&tt innetem-
peraturen i Sverige under s&songen 1981-82 och
konstaterat att den ligger pa 20,4‘C i smdhus och
21,8"C i flerfamiljshus. Dessa temperaturer ar de
hogsta i OECD under vintertid. Temperaturforfrag-
ningarna tyder pa endast en tvd graders minskning sedan
1973. Var statistik pekar ocksa pa att varmvattensin-
dikatorn for Sverige - nettdenergi per capita - ligger
bland de hdgsta. Detta betyder att beteendet inte kan
anses vara orsak till den laga energiforbrukningen i
svenska bostader och att svensken inte ar speciellt
sparsam vad betraffar beteendet eller kortsiktiga
uppoffringar

Vad Lundstroml6é pekade pa - och vad Gaunt och Berggren
i en senare studiel? bekraftade, var den nastan otro-
liga spridningen i forbrukning mellan familjer i
tekniskt sett identiska hus. Lundstrom fann ett samband
mellan forbrukning och sociala variabler - t ex
familjens storlek - och Gaunt/Berggren fann vidare att
antalet duschar, husets utnyttjande osv kunde fdrklara
en del av spridningen av forbrukningen. Lundstroms egna
data visar att lika hus faktiskt var mycket lika: lut-
ningen i kurvan som visar samband mellan fdrbrukning
och utetemperatur och som ger ett matt pa husets totala
k-varde, var nastan densamma for samtliga identiska
hus. Detta bevisar vidare att det ar tack vare den goda
svenska byggtekniken som vi har sa god energiekonomi i
yngre hus. Att forbrukningen 1 enstaka hus oftast
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avviker fran medelvardet beror pa olika innetem-
peraturer, varmvattenskrav och andra fysiska skillnader
i hur huset utnyttjas. De hdga foérbrukarna behéver
emellertid inte kallas for slosare. Om familjen
Svensson ar stor med manga tondringar och med en
make/maka som &r hemma dagtid, kan forbrukningen vara
vasentligt hogre an hos familjen Jonsson med bara ett
barn (pd dagis) och dar bada vuxna jobbar utanfor hem-
met och har varmen avstéangd dagtid!

Som vi nadmnde tidigare ar det den goda tekniken i
Sverige som har sénkt marginalkostnaden for att varma
upp ytterligare en grad till den langsta i Europa, en
anledning 1 sig sjalv till att man visar ringa intresse
for att minska komforten i1 Sverige. Detta goér bland
annat att den forst namnda familjen Svenson inte beta-
lar sarskilt mycket mer for sin komfort eller merfor-
brukning an familjen Jonsson. Samtidigt har dock manga
svenskar i oljeeldade villor markt att de kan minska
varmvattensforbrukningen. Med dagens oljepriser &ar ju
varmvattnet inte sarskilt billigt. Detta fdrklarar
ocksa varfor Lundstrom, som observerade forbrukningen i
elvarmda smdhus fran 1970, inte fann nagra stora
sankningar i forbrukningen. De boende hade redan fran
bérjan en ganska hygglig uppvarmningskostnad som inte
steg lika mycket som de flesta andra svenskars.

Att beteendet i Sverige inte har lett till stora
besparingar ar ocksad en foljd av debiteringssystemet.
Mindre an 10% av svenskarna i flerfamiljshus (eller 4%
av befolkningen) betalar direkt for uppvarmning och
varmvatten efter faktisk forbrukning. 1 smdhus betalar
de flesta ocksa efter faktisk forbrukning, men blir i
regel debiterade tre ganger om aret (el), eller kanske
bara via ett speciellt budgetkonto (olja). | bada
fallen behdver de boende inte ldsa av sin faktiska
forbrukning och elverket kommer endast en gang om aret.
Bara i hus dar man eldar med ved, dar varje insats
maste goras manuellt, kan man sidga att det finns ett
riktigt matbart varde mellan forbrukning och férbru-

kare, men i de flesta fall kostar sjalva branslet inget.

Detta betyder att de flesta svenskar ar mycket bra
skyddade fran kortsiktiga prissvangningar for energin,
bade ur teknisk och ur ekonomisk synpunkt. Detta ar i
OECD. | Danmark betalar en hel del av energiférbrukarna
i Flerfamiljshus efter uppmatt foérbrukning, &aven om
uppmatningarna inte ar sa noggranna och i USA ar det i
regel direkt debitering.

Vedanvandningen har okat starkt i Sverige vilket ocksa
visar pa en viktig sida av beteendet. Olika enkater
visar att det bade ar de mest och de minst férmoégna
familjerna - framst pa landet - som eldar helt eller
delvis med ved. Att laginkomstfamiljer anvander ved ar
forstdeligt. Att hoginkomstfamiljer intresserar sig for
ved kan forklaras pa tva satt. For det forsta har de
tillgang till kapital, kanske via sparlan, for att
skaffa sig avancerade vedeldningsinstallationer och
avdragsratt for rantan pa lanat kapital. Det andra ar
kanske enklare. En familj med en marginalskatt pa 75%
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"tjanar” fyra kronor for varje krona som oljerakningen
kan reduceras genom att man eldar med ved. Kombinatonen
av tillgang till ved och vedeldningsteknik, billigt
kapital (eller avdragsratt) och marginalskatt gor ved
mer attraktivt i Sverige an i nagot annat land.

Vi tror att det darfor ar viktigt att man tar hansyn
till ved 1 bostadernas energibalans - oavsett hur pass
svart det an ar att uppskatta kalori- eller det eko-
nomiska vérdet av forbrukningen. Det &ar viktigt att
komma ih&g hur intresset for ved som sekundart bransle
kan svanga mycket drastiskt. Under en mild vinter kan
manga klara sig bara med ved, medan man under stranga
vintrar plotsligt maste koppla in el eller olje. Om
priserna sanks pa olja eller el kan man fdrvanta ett
minskat intresse for ved och tvartom. Den stora flexi-
bilitet som svenska smadhus nu har inbyggd gér det &annu
viktigare att man kartlagger hur mycket mer - eller
mindre - man skulle kunna tanka sig elda med ved och
hur stor roll ved hittills har spelat for att &ndra
olje- och elfdrbrukningsménstret

3.7 Slutsatser

X detta kapitel har vi visat en studie av den faktiska
utvecklingen av energiforbrukning 1 svenska bostader
sedan tidigt pa 60-talet. Vissa slutsatser ar viarda att

upprepa

- Den totala energiforbrukningen, inklusive ved
(levererad eller bruttoenergi) har o6kat avsevart
mellan 1960 och 1972, medan netto- eller
primdrenergin Okat &nnu snabbare. Okningen av
primarenergi sedan dess har endast varit margi-
nell medan levererad eller nettoenergi sjunkit
avsevart

- Matt per bostad eller per capita har okningen
varit mycket mindre fram till 1972 och darefter
fallit stort. Matt per kvadratmeter har okningen
varit annu mindre. Det &ar alltsd mest det Gkade
bostadsbestandet (med dess tillhdrande uppvarmda
yta) samt det o6kade innehavet av elapparater
och varmvattenssystem som har drivit
energiforbrukningen uppat.

- Den o6kade forbrukningen for rumsuppvarmning
(oavsett om man mé&ter levererad, netto eller
primar energi) har varit mindre an stan-
dardokningen, dwvws Sveriges bostader har blivit
battre ur energisympunkt under hela 60- och
70-talen. Trenden accelererade efter 1972.

- Sveriges bostader har haft en sankning pa 19%
(levererad energi per bostad) 1972-1982, 0% i
primar energi och 12% i nettoenergi. Tar man
hansyn till den stérre bostadsytan 1982 &n 1970
(cirka 12%) samt den storre endelen smahus och
den hodgre téackningen av elapparater ar de upp-



nadda besparingarna nagot storre.

- Uppvarmningsstrukturen har &andrats konstant
under perioden, forst fran fasta branslen till
olja (och fjarrvarme) och sedan ocksa el, sedan
bort fran oljan till el, ved och fjarrvarme.
Sveriges bostéder har visat sig vara mycket
flexibla vad betraffar uppvarmningssystem

- Sparprogrammet har sakerligen paverkat
forbrukningen nedat, men vi tror att hogre
energipriser, framst pa olja, har varit den
storsta anledningen att spara energi i smihus.

- Andelen smahus dar energisparatgarder har vid-
tagits ar ganska stort internationellt sett -
60%, men endast hlalften har gjorts med direkt
stod fran sparprogrammet. Detta beddéms ha haft
storre betydelse for flerfamiljshusen.

- Effekten av nya byggnader har varit stor pa
smahussidan dar cirka 15% av 1982 ars bestand
har byggts efter 1973. De har en nagot lagre
forbrukning an resterande bestand byggt fore
1971 men skillnaden &ar inte sid stor tack vare de
forbattringar som har gjorts i de aldre byggna-
derna sedan 1973.

- Reduktionen i1 oljeanvandning 1 Sveriges bostéder
- bortsett fran okad avnandning av den oljeba-
serade fjarrvarmen - har varit imponerande.
Antalet smdhus som enbart anvander olja har
sjunkit fran cirka 800 000 a&r 1975 till drygt
400 000 ar 1982 med en vasentligt lagre &tgang.
Andelen elvarmda villor steg fran ungefar 350
000 till 700 000 under samma period. Sverige
har, efter Norge, den hoégsta andelen elvarmda
smahus i OECD.

- Vedens roll i bostadernas energiforsorjning, som
oftast forbises av olika utredningar p g a sta-
tistiska brister osv, kan nu ses ganska klart. |
figur 3.12 visas vara berakningar av brut-
toenergiforbrukningen med och utan ved (vanster)
och vedens andel i den totala forbrukningen.
Okningen av totalforbrukningen 1960-1972 &r
nastan dubbelt si snabb utan ved som den &ar med
ved inrdknad. Minskningstakten efter 1972 ar
ocksa starkt beroende pa vedanvandningen.

Sveriges bostadsbestand hade 1972 den hogsta uppvarm-
ningsstandarden inom OECD och samtidigt den mest effek-
tiva uppvarmningen. Sedan dess har oljepriset oOkat
realt med flera hundra procent, medan elpriset oOkat
mycket mindre och inkomsterna inte vuxit i1 samma takt
som forr. Allt inrdaknat har den besparing vi observerat
i Sverige varit mycket bra - aven om det finns mycket
kvar att spara i bade existerande och nya byggnader,
bade genom tekniska forbattringar och genom andrat
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beteende. Hogre energipriser, mer avancerad teknik och
okad information kommer tillsammans att bidra till den
nya besparingen. | nasta avsnitt behandlar vi det
internationella perspektivet vidare.

For hjalp med anskaffning av materialet ber vi att fa
tacka Rune Askerlund, Claes Hedenstrom och Gunnar
Larsson (Vattenfall), Kurt Astedt (Esso), Christer
Sundstrém och Hans von Bremen (Shell), Robert
Cederskiold och Anders Westholm (BP), Erik Barreby (0K)
samt Karin Larsson Toll (SIFO).
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Tabell 3.1 Bostadernas energiforbrukning i Sverige
1960 - 1982

1963 1965 1970 1972 1978 1980 1982
Energiforbrukning
Levererad (Brutto) (PJ) 262 283 346 367 349 334 334
(Branslen) 234 247 277 284 210 199 176
Fjv) 7 11 29 33 52 55 62
(ED) 21 25 41 50 76 80 96
Primlrenergi (PJ) 304 334 418 473 509 506 535

Energiforbrukning per bostad:
Levererad (Brutto) (GJ) 94.0 98.5 109.7 111.2 95.0 91.2 90.2

Primar (GJ) 110.7 117.0. 137.2 143.3 140.1 138.3 144.7p

EIforbrukning per bostad:

Brutto (MWh) 2.1 2.4 3.6 4.2 5.8 6.1 7.2

Energiforbrukning per capita

Lev. (Brutto) (GJ) 34.2 36.3 42.8 45,2 42.3 40.1 40.1

Primar (GJ) 39.6 43.2 53.6 58.2 61.4 60.8 61.9

Graddagar (bas 18°C) 4370 4250 4505 3890 4370 4475 4040

Index (4010=100) 109 106 112.3 97.4 108.8 111.6 100.7
Noter.

Samtliga forbrukningstal &ar klimatkorrigerade.
AAGR betyder genomsnittlig arlig tillvaxt.

"Branslen" avser olja, fotogen, gas, kol, koks och ved.
"Fjv'' avser Tjarrvarme.

I primarenergin raknas fjarrvdrme och el inklusive
schablonmassiga forluster i produktionsiedet med
verkningsgraderna 34,6% for el och 75% for fjarrvarme.
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AA3R ()
63-72 72-82
3.8% -0.9%
2.2% -4.7%
18.4%  6.5%
10.1%  6.7%
5.0%  1.2%
1.9%  -2.1%
2.9%  +0.1%
8.0%  5.5%
3.1%  -1.2%
4.4%  0.6%

#t
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Tabell 3.2 Viktiga faktorer 1 energiforbrukningens
utveckling i Sverige

AAGR (%)
1963 1965 1970 1972 1978 1980 1982 1963-72 1972-82

Almanna
Befolkning (108) 7.66 7.73 8.08 8.12  8.28 8.32 8.32 0.7% 0.2%
BNP/cap (103SEK1970) 17.2  19.0 22.0 22.7  24.8 26.0 25.0 3.1% 1.0%
DI/cap (103SEK1970) 10.2  10.9 11.9 11.9  13.7 14.2 13.55  1.8% 1.3%
Konsumentprisindex 74 81 100 119 198 242 294 5.4% 9.5%
BOSTADER
Bostader (106) 2.79 2.87 3.15 3.32  3.58 3.66 3.70p  2.0% 1.1%
Bebodda bostader (108) 3 70 2.76 3.02 3.14 3.39* 3.48* 3.53p  1.7% 1.2%
SFD andel (%) 47 46 43 43 45 45 45
Boende#thet** 2.84 2.80 2.68 2.59  2.44 2.39 2.35 -1.0% -1.0%
Bostadsytan (m3/i&g) 75 77 80 82 85 88 90 1.0% 0.9%
SFD 92 95 102 107 123 125 125 1.6% 1.6%
Flerfam. 63 63 64 65 65 65 65 0.4% 0.0
Fasta Energipriser (1970 SEK/GJ)
Eldningsolja 1 6.4 5.4 5.0 4.7 9.0 15.8  23.1  -4.0%  17.3%
El. 46.9 39.2 31.7 31.7  38.1 40.6  42.9  -4.3% 3.1%
Fjarrviarme g ©° - 6.6 6.05 15-6<79 173 199 -2.7% 12.6%

Kallor: SCB (befolkning, bostader, nationalrékenskaper).
Esso och SIND (EO1). Vattenfall (elpriser baserade pa

5 000 kWh/ar utan uppvarmning). Stat. arsbocker
(gaspriser).

Asterisken (*) avser osidkerheten i antal aretrunt-
lagenheter

(**) Beraknat med hansyn till bebodda bostader.



Tabell 3.3

Ky IskSp
Kyl/frys
Diskmaskin
Tvéattmaskin
Tork

SV TV/Farg TV
Gasspis/ugn
Vedspis/ugn
Elspis/ugn

El. Wberedare
Bastu

BilvSrmare -

1964

77
22

31

77/0

19

11
69

19

Innehav av elapparater
(% av hushall)

1971

94
48

47

80/11
12

79
15

23

1979

99
77
27
64
22
32/76

95
20

62

AAGR (%)

1964-71 1971-79
2.9 0.6
11.8 6.1
17.0 16.0
6.1 3.9

- 18.0
/- /27 .
-6.4 -13 .0
-9.3 -13 .0
2.0 2.3
21-0 3.7

Kallor: Foreningen for Elektricitetens Rationella

Anvédndning (1964), Vattenfall

egen studie (gas).

(1971 och 1979),

LBLs



Tabell
&r:1970
CV:85/95%

BrSnsle

Olja, PJ
-Bestand, 103
-Spec. Forb., GJ

Kero, PJ

-Bestand/Ej CV,103

-Spec. Forb., GJ

Gas, PJ

-Bestand, 103
-Spec. Forb., GJ

Koks, PJ
-Bestand, 103

-Spec. Forb., GJ
-Ej Cv,103
-Spec. Forb., GJ

Ved, PJ
-Bestéand, 103

-Spec. Forb., GJ
-Ej-Cv, 103
-Spec. Forb., GJ

El., PJ
-Bestand, 103

Forb., GJ
Forb. ,Mwh

-Spec.
-Spec.

FjSrrvSrme, PJ

-Bestand, 103
-Spec. Forb., GJ

1 allt, PJ
GJ/13g
Andel (%)

Noter.

3.4

UppvSrmning

201.0
881/1250
139/62.8

4.32
45/46
55740

2.84
14/25
106/54

3.89
25/12
90/55

15/5
50/45

20.5+[2]
110/15
100/60
110/27
67/45

5.79+[1]
120+/23
45+21.6/29.8+18
12.5+6/8.3+5

23.84
117420
104/54

265.2(236)
84.1(74.8)
68

Befolkningen:8.08x10®

DI/cap: 11,880SEK70
Varmvatten Spis
62.3 -
875/1250 -
34/26 -
0.51 1.2
13/15 410
25/12 3.0
0.68 -
20/10 -
25/18 -
2.27 1.0
80/15 250
25/18 4.0
3.6 6.3
180/30 1160/1310
18/12 3.2/2.0
5/3.3 0.710
7.4 -
117420 -
21/17 -
76.8 8.5
24.3 2.7
22 2

Energiforbrukningsmonster i bostéder
BostSder:3.153x10®

Klimatindex: 112.3
Elapparater Total
263.1
4.32
4.55
4.57
25.8
24.87 41.57
3150
7.88
2.2
31.2
24.9 375.1
7.88 118.3
7

() avser uppdelning mellan SFD och MFD. Siffror

inom [] avser anvandning av ett brénsle som sekundart

brénsle.
varmning korrigerade till
proportion till variationen i
Bestand antyger antalet bostader

Siffror

utgor ett normalar.

eller system som anvédnder ett visst bransle
Ej-CV betyder anvandning i
annat &n CV-uppvarmningssystem. |

andamal .

klimatet,

gas

smdhus och 15 000 FFH utan CV.

kaminer
ingar

inom () avser forbrukning for upp-
normalarsklimat
dar

i iInverterad
4 010 GDC

for ett
eller ugnar
1 000
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Korrigerade

241.3

3.85

4.2

4.14

23.35

40.9

28.6

346.3

109.7



Tabell

8r: 1980
CV: 98.5/99.8%
BrSnsle

Olja, PJ1
-Bestand, 103

-Spec. Forb.,

Gasr PJ
-Bestand, 103

-Spec. FoOrb.,

GJ

GJ

Koks, PJ
-Bestand, 103

-Spec. Forb.,

Ved, PJ
-Bestand, 103
-Spec. Forb.,
-Ej-CV, 103
-Spec. Forb.,

El., PJ
-Bestand, 103
-Spec. Forb., GJ
-Spec. Forb.,MWh

Fjarrvarme, P
-Bestand, 103

-Spec. Forb., GJ

GJ

GJ

I allt, PJ
GJ/13g
Andel (%)
Noter.

3.5

Uppvéarmning
135.2

863/1043
95.0/50.6

1.12
7.8/12
80/42

0.54
5.5/2.5
80/40

9.27+[17.4]
90/2.5
80/42
32+[400]/3
50+[43.5]/30

26.15-1- [1.75]
550/65
46.4/25.4
12.9/7.1

41.8
63/921
79.0/40.0

233.2(209.0)
63.8(57.1)
62

Se ovanstdende tabell

Energiforbrukningsmonster

Befolkning: 8.317X106
Dl/cap:14,160SEK7g

Varmvatten

48.6
860/1040
29.9/22.0

0.3
7.8/10
25/15

0.18
5.5/2.5
25/15

2.3

90/2.5
25/18

11.25
575/75
18/12
5/3.3

17.2
63/921
20/17.3

79.8
21.8
24

bostad

Bostéader:

er

3.66x10e

Klimatindex: 111.6

Spis El Aparater. Total
- - 183.8
0.58 - 2.00
8/268 -

3/2.1 -
- - 0.72
0.2 - 29.2
100 -
2 -

7.75 36.5 83.25
3300 3655

2.7/2.0 10.0

0.65 2.77
- - 59.0
8.5 36.5 357.9
2.3 9.8 97.9
3 1

3.4 1) inkluderar 0,2 PJ

fotogen fOr 3 000 SFD och 3 000 MFD. Kan exkludera

ungefar

2 PJ olja

MFD som

1980 ars SCB-enkaiter.

inte raknas

in

i 1978

64

Korrigerade

169.8

1.9

0.61

26.4

80.46

54.6

333.8
91.3
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Tabell 3.6 Indikator av bostadernas energifor-
brukning i Sverige

AAGR
1963 1965 1970 1972 1978 1980 1982 1963-72 1972-82

Rtg9ngen (netto) : 1

RumsuppvSrmning °

GJ/bostad 449 472 520 529 457 429 44.2p 1.8% -1.8%

kJ/dw-m2-DD 156 160 160 159 134 122 122 0.2% -2.6%
Varmvatten2

GJ/bostad 105 120 17.3 180 178 171 16.6p 6.2% -0.8%

GJ/person 3.8 4.4 6.74 7.34 7.76 7.5 7.37 7.5% 0.04%
Elec. apparater4

GJ/bostad 4.8 5.6 7.9 8.5 10.0 10.0 10.2 6.6% 1.8%

KWh/100SEK 477 526 720 806 849 86.1 89.6 6.0 1.1%

Noter. Areal (Mm2) avser bostadsytan. Den uppvarmda ytan
ar nagot storre.

(1) Nettoenergi avser brutto minus omvandlingsforluster
i huset. Olja och gas rdknas med 66% verkningsgrad,
fasta branslen med 55%, el och fjarrvarme med 100% om
inte annat anges i texten.

(2) Normalarsvarde.

(3) Innefattar samtliga bostader, &ven sddana utan rin-
nande varmvatten.

(4) Elapparater exkl spisar/ugnar, uppvarmning och
varmvatten med undantag av en del varmvatten i disk-
och tvattmaskiner.



Tabell

OljaleverantSrnas uppgifter

Faktiska (GJ)
Korrigerade2 (GJ)

ESH Survey?
Faktiska (GJ)
Korrigerade (GJ)

Pris (SEK70/GJ)

Faktiska (GJ)
Korrigerade2 (GJ)

vVarmepris (SEKyg/GJ)

SCB?

Faktiska (GJ)
. (o)
Korrigerade (GJ)

ESH survey?.

Faktiska (GJ)
Korrigerade2 (GJ)

Varmepris (SEKyg/GI)»

Graddagar (bas 18°C)

Index (4010=100)

Bilaga

Noter:

3.7

1970

66

Genomsnittlig nettoenergiforbrukning for

uppvarmning och varmvatten.

Sméhus med centralvarme

1972

1974

1975

1976 1977

Huvudsakligt oljebaserad

1

174.6 165.2
159.3 168.7
4.97  4.70
- 108 (73)
_ 108.6
6.9 7.2

1978

137.2 151.8 142.4 146.0

150.3 144.4 140.6 136.9

7.95

10.0 9.63

Fjarrvarme

98.7 111.2 117.6 111.0

108.5. 122.9 111.4 109.5

12.8

12.2

149.5
140.1

9.00

106.1
99.0

17.8

El-baserat (ej Jordbruksfastigheter)”

57.4(73) 55.8

- 57.6
16.5 14.1
4490 3905
112.3 97.4

60.3

3580
89.2

se nasta sida

58.1
63.3

17.6

3555
88.6

66.0 66.1

63.0 65.3
- 74.3
- 73.3

- 18.7

4280 4080

106.7 101.7

65.0

61.2

71.0
66.7

22.0

4365
108.8

1979

141.3

129.5

143.5
131.6

13.5

99.8

91.0

66.7
61.6

70.0
64.5

20.5

4485

111.9

1980 1981 1982
131.3 123.8 115.7
120.8 115.8 115.0

139.4 139.3* 130.4*

128.0 131.1 130.0
16.0 20.1 23.1
99.0 88.4 77.6
90.5 83.2 76.8
21

62.6 61.2 63.0

58.0 58.0 62.7
66.7 67.3* 67.3*
61.6 63.7 67.0
21.8 19.7 19.8
4475 4327 4040
111.6 107.9 100.7



Noter. (1) Inkluderar smdhus som kan ha anvant ved.

(2) For klimatkorrigeringen tog vi bort en schablon for
varmvatten. Resten korrigerades proportionellt mot kli-
matets avvikelse fran det normala. Varmvatten adress-
erade vi sedan tillbaka. Antagna varden for varmvatten
ar (i GJ): Olja - 35, 35, 35, 34, 33, 32, 30, 30, 28,
28. Fjarrvéarme - 20, 20, 20, 18, 18, 18, 17, 17, 17,
17. ElI - 5 MWh/l1&genhet konstant under redovisad

period

(3) Avser hus som enbart anvidnder olja eller enbart el.

(4) Energiforbrukningen for elapparater och spis
uppskattas som forbrukning i smahus utan elvarme, som
det redovisas i1 SCBs "El och Fjarrvarmestatistiken”
Detta varde drogs ifran totalforbrukningen som SCB
redovisar. Varden fran 1973 tom 1981, i MWh/l&agenhet,
ar 4,13, 3,97, 4,29, 4,5, 4,63, 4,79, 4,99, 5,0, 5,2, 5,
Dessa varden tar inte hansyn till dold elvarme, vilken
kan ha okat fran 0,15 Mwh/lagenhet 1975 till 0,75
MWh/lagenhet 1982.

(5) Varmeprisen for el hamtas fran Vattenfalls egen
bearbetning av sina tariffer och innefattar rérliga
kostnader samt skatter.

* - 1981 ars ESH baserades pa ett nytt urval som inne-
fattade ett storre antal smdhus (vars yta var storre)
byggda pad senare ar, varfor forbrukningen inte kan
jamforas direkt med tidigare ar. Aven en hel del &aldre
hus som hade gatt ifran olja ingick. ESH visar dock att
forbrukningen per kvadratmeter sjonk 4% 1981 jamfort
med 1980 i1 hus som enbart anvande olja och 2% 1 hus som
enbart anvénde el.
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Tabell 3.8 Uppmatt nedgang i energiatgangen i
smahus efter energibesparingsatgarder
(procentuell nedgang i arsforbrukningen)

I + 11

Vidtagna atgarder:
Vaggisolering 8%
Takisolering 8-12%
Vagg och tak 10%
Vagg, tak och

installationer 15%
Byte till treglas-

fonster 8%
Vaggisolering och

treglasfonster 10%

Termostatventiler

och shunt -

Klimatzon

8%

8%

8%

10%

13%

13-18%

13%

12%

15%

%

Not. Baserat pa ett urval (Hogskoleprojektet). Avser
enbart smahus som fick statligt stod till energi-

besparingsatgarder .



Tabell 3.9

GRUPP Bygg-
Sr

Asal 1975
Uddared 1976
Hyltorna 1977
&sa2 1978
Heden 1980
Skuleberg 1980
Helegarden 1983

Not.

Uppgifter enligt byggarna ABV, Goteborg och LB-
hus och avser Goteborgs klimat (3800 GD~gc)' Dar tva
varden anges &r det andra berdknat av ABV med hansyn
till markens varmemotstand.
och varmvatten.

K-varden och energifdrbrukning i

husgrupper
Bostads- K
ytan, m2 VSgg
111/102 0.36
- 0.34
- 0.25
111/102 0.27
105 0.12
105 0.15
98(2) 0.16

parater och -spis.

Tak

0.26
0.20
0.19
0.17
0.10
0.10
0.10

Forbrukningen avser véarme
En schablon 4,5 MWh drogs for elap-
For Helegarden fanns

K

Golv

0.24/0.27
0.37/0.30
0.30/0.24
0.26/0.23
0.20
0.18*

0.22

Fonster

(Antal)

N

w W W w w

Forbrukning

21.3Mwh

19.6Mwh

14 .4Mwh

16.2Mwh

11.3Mwh

11.3Mwh

P

inga matvarden.

allt

119kWh
139kWh
114kWh
146kWh
97kWh
93kWwh

p



70

Figurforteckning/list of figures

Energiforbrukning i Svenska Bostader (kapitel 3)

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

Faktorer som paverkar energiforbrukning.
(Factors driving energy use in Sweden.)

Uppvarmningsstruktur 1960-82, smdhus. (Heating
Structure 1060-82, Single Family Dwellings.)

Uppvarmningsstruktur 1960-82, Tflerfamiljshus.
(Heating Structure 1960-82, Multi-family
Dwellings.)

Branslemonster 1960-82. (Fuel patterns) Med
primarforluster avses schabloner for forluster i
produktionsied for alstring av el och fjarrvarme.

Genomsnittlig energianvandning (hetto) efter
andamal. (Useful energy consumption by end-use.)
Kalla: se text eller bilaga 1, tabell 8.

Olje-, Tjarrvarme- och elforbrukning i smahus.
(Oil, district heat, and electricity use in SFD)
Atgangen avser faktisk forbrukning efter
schablonavdrag for varmvatten och ev hushallsel
(se text eller bilaga 1), dividerad med grad-
dagstalet for respektive ar. Kalla: se text.

Energibesparingsatgarder i smahus (med och utan
statligt stéd). (Conservation measurs
with/without state support.) Kalla: LBL
behandling av Energistatistik for smihus.

Energibesparingsatgarder i smahus. (Kinds of
energy conservation measures.) Med Ovrigt avses
pannbyte, annan installationsatgard. Kalla: LBL
behandling av Energistatistik for smihus.

Netto energifdorbrukning foér uppvarmning och
varmvatten i smdhus 1970 och 1981. (Useful
energy use for heating and hot water in SFD 1970
and 1981.) Berdknad av LGC (se text). 1981 ars
varden berdknade fran Energistatistik for

smahus. 1981 ars varden berdknade fran vara egna
uppskattningar av forbrukningen och uppvarmd yta.

K-varden i praktik och enligt SBN: gruppbyggda
smdhus. (R-values in new SFD.) Faktiska varden
beraknade fran SCBs Laneobjektstatistik. (Se text)

EIf6rbrukning for uppvarmning och varmvatten i
smahus (efter husets byggar). (Electricity use
in SFD by year of construction.) Beradknad fran
LGCs behandling av Energistatistik for smahus,
med 5 000 kWh schablonavdrag for hushallsel.
Boendetathet fran HEA.

Energi och vedfdrbrukning 1960-1982. (Energy and
wood use 1960-82.)
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4 INTERNATIONELL JAMFORELSE AV ENERGIFORBRUKNING |
BOSTADER

Hur har energiforbrukninge i andra OECD-lander, jamfort
med Sverige, utvecklats sedan oljekrisen? | detta
avsnitt kommer vi att anvanda LBLs data fran ett fler-
tal lander for att pa ett kvantitativt satt svara pa
hur energifdrbrukningen och energibesparingen har
forandrats i andra lander. Om inget annat anges menar
vi forbrukning av levererad (L) energi, men vi anger
ocksa primar (P) och netto (N) i de flesta fall.

Under 1970-72 hade Sverige
- det nast hogsta oljeberoendet for uppvarmnings-

andamal, efter Danmark (70% av lagenheter, 71%
av total energi). Samtidigt

- den hogsta energiforbrukningen per bostad i
Europa. Dock

- den lagsta uppvarmningsindikatorn av samtliga
studerade lander,

e den stdrsta elfdrbrukningen i1 Europa per bostad
exklusive elvarme. Samtidigt

- den hogsta andelen elvarme i existerande och nya
byggnader

- hoga inkomster och mattliga energipriser.

Sedan 1973 har Sverige upplevt:

e en varme- och varmvattensbesparing pa 10%
(enligt (L)/bostad) 1970-82 (17% N, 5% P) mot
mellan 10% och 40% f6r andra lander,

- en arlig okning pa 1,9% i hushallsel per bostad
(mot mellan 1,5% per ar i USA och 4,0% per ar i
Frankrike),

- en 6kning av elandelen i1 totalforbrukning (L)

till 29%, hoégst 1 studien,

- en minskning av oljans direkta andel (1) fran
71% till 42%, en stor reducering,

- oljans realpris har blivit 4,5 ganger sd hogt
(medan reala elpriset knappast okat) och
realinkomsten har stagnerat,

- en 24-procentig minskning av oljeatgangen i
smahus och 20% i flerfamiljshus, under genom-
snittet for studien.

Sedan 1972 har Sverige reducerat topparets (1972)
forbrukning per bostad med ungefar 20% (L). Siffran
ligger vid OECDs genomsnitt. Bara i Danmark och USA har
reduktionen i1 samtliga bostéder varit stdorre. Reduk-



tionen av atgangen i centralvarmda bostader i Frankrike
och Tyskland har varit vasentligt hdgre, men
forbrukningen for andra andamal och 6kningen av
centralvarmens forekomst har &atit upp en del av dessa
besparingar. Uppvarmningsstrukturen har &ndrats i alla
lander, mojligen mest radikalt i Sverige. Ar 1982 hade
Sverige fortfarande den mest effektiva uppvarmningen,
en hoég varmvattesforbrukning och stor anvandning av
elapparater samt ett avsevard mindre oljeberoende. Med
hansyn till den goda termiska standarden i1 svenska
bostader 1970 maste det totala resultatet i Sverige
bedémas som mycket bra, jamfort med alla andra lander.
Men en hel del andra faktorer har forandrats under
perioden sedan oljekrisen. For att bedtma den svenska
utvecklingen mot erfarenheter i1 andra la&nder ska vi nu
systematiskt se Over vad som har intraffat.

4.1 Struktur

Strukturella skillnader mellan olika OECD-lander maste
kartladggas innan vi kan gora en rattvis jamforelse. Har
omfattar strukturen inkomst, bostad och apparatbestand,
klimat och &aven demografiska faktorer. En del
basuppgifter om befolkning, hushall och antal
lagenheter, finns i tabell 4.1.

Viktigt att komma ihag ar att Sverige borjade pa
1970-talet med de storsta bostaderna och bostadsytan
per capita i1 Europa samt den hdégsta inkomsten och
inomhusstandarden av alla OECD-l1&nderna. Sverige hade
efter Kanada det kallaste klimatet bland studie-
landerna. Detta i och for sig skulle betyda hdg energi-
forbrukning. Samtidigt hade Sverige (fér Europa)
relativt l3aga elpriser och genomsnittliga oljepriser
samt den storsta andelen av bostadsbefolkningen som
inte direkt betalade fo6r uppvarmning och varmvatten.
Detta skulle ocksd innebdra hog energiforbrukning och
mojligen forsvara en reaktion till oljekrisen 1973-74.
Mot denna bakgrund behandlar vi de viktigaste
forandringarna

4.1.1 Bostader

Bostadsbestandet skiljer sig avsevart mellan olika
lander. Under 70-talet har en del av skillnaderna
minskats men forandringarna har i1 stort sett betytt
flera bostader per capita att forsdérja med energi,
stdrre yta per bostad att varma upp och fler apparater
per bostad som slukar energi. Vi gor har en jamforelse
mellan nagra viktiga indikatorer.

4_.1.2 Bostadernas typ och storlek
Bostadens fysiska och ekonomiska situation spelar en

stor roll i utvecklingen av energiforbrukningen
(tabell 4.2). Sverige hade den hdgsta andelen fler-
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familjshus (FFH) av alla vara studielander, 58% 1970
och 55% 1982. |1 andra lander ligger FFH-andelen mellan
35% (USA) och 48% (Tyskland. Detta beror mycket pa den
svenska bostadspolitiken som prioriterade flerbostads-
huslagenheter under miljonprogrammet. Men programmet
betyder ocksd att svenska FFH erbjuder den stérsta
bostadsytan per boende, den stdrsta andelen
centralvarmda bostader och, enligt var personliga
bedémning, den hdgsta kvalitén. Insatslagenheter
("'Eigentumerwohnungen' pa tyska, condominiums pa
engelska), som ar vanliga 1 Sverige och Danmark och har
funnits lange i1 Tyskland, &r relativt nya i USA och
Kanada, vilket betyder att man i Nordamerika kan vantas
ha en annan instédllning till boende i FFH, speciellt
vad betraffar energibesparande investeringar. | vara
europeiska lander ligger bostadsytan per lagenhet
omkring 65 m2, i USA 75-80 m2. Svenska lagenheter
rymmer 68 m2 netto (dvs bostadsytan) och 73 m2
brutto, med biytor, garage och ev lokaler inrdknade.
Svenska familjer i flerbostadshus (mer an 1,9
medlemmar) har den stdrsta bostadsytan per boende i
FFH. Tabell 4.2 visar bostadsytan per lagenhet for
samtliga lagenheter.

Hari ligger en viktig skillnad mellan Sverige och
ovriga lander. 1 Sverige har FFH alltid haft en hégre
uppvarmningsstandard, matt som CV téckningsgrad, &n
smahus. Detta beror pa en stark kollektiv bostads-
politik. | alla andra lander har smahusen varit battre
utrustade for uppvarmning, dock med mycket séamre iso-
lering. & andra sidan har de boende i FFH i andra
lander haft vasentligt mindre inkomst &n de som bor i
smdhus. Denna skillnad bestar ocksd i Sverige, dock ar
den nagot mindre. Sist bor men erinra om att hushallens
storlek i flerfamiljshus alltid ar mindre an i smahus.
I Sverige ar denna skillnad ungefar lika stor som
skillnaden i bostadsyta, sd att hushallen i fler-
familjshus har ungefar samma utrymmesstandard som de i
smahus. | andra lander ar bostadsytan per capita nigot
mindre 1 lagenheter.

Andelen smahus varierar ocksd inom OECD. Den hogsta
andelen finns i USA och Kanada. USA har de storsta
husen (cirka 150 m2) och Danmark (120 m2). Uppvéarm-
ningens energibehov &ar nastan direkt proportionell mot
husets storlek. Darfor kan &ven starka okningar i
uppvarmningskostnaderna paverka husets storlek (vad
betraffar nya hus) samt den andel av husets yta som &ar
uppvarmd. Statistiken tyder pa att Sverige varmer upp
den stdrsta andelen av husets totala bo-(eller lagen-

hets-)yta samt en del biytor, upp till néarmare
150 m2/hus (enligt LGC), medan man i USA, Danmark,
Tyskland osv, 1 regel for att spara energi, Vvarmer

mindre &n den totala bostadsytan &ven i hus med
centralvarme. Detta betyder att Sverige har den stdrsta
uppvarmda ytan per smahus

Bostadsytan &ar starkt paverkad av bade national-
inkomsten - genom bostadssubventioner - och indivi-
duell inkomst. Dessutom paverkas bostadsytan av landets
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bostadspolitik. | Sverige kan bostadsytan begrénsas
indirekt genom att den maximala yta som &r ber&ttigad
till statligt l1an ar begransad. Frankrike och Kanada
har liknande indirekta granser pa statliga lan, som
dock inte tacker lika stora delar av nybyggnationen som
de gor 1 Sverige. | USA ar bostadsytan i nya hus i
praktiken begrénsad genom en tumregel som s&ger att
koparen bara far lana till en manadskostnad av max 25%
av inkomsten. Byggarna bygger mindre hus nar kost-
naderna stiger.

Utvecklingen av bostadsstorleken har varit densamma i
alla lander, dwvs storre bostdder, men o6kningen beror
mest pa en okning av smahusens storlek. Uppdelningen
mellan typer har déremot varit blandad. | Sverige
forlorade smahusen sin andel under miljonprogrammet
fram till 1972-73, d& de svarade for endast 42% av
bostadsbestandet, men andelen har ©6kat sedan dess. |
andra lander har uppdelningen varit mer konstant fram
till de allra senaste aren, da lagenhetsbyggandet har
krympt. Vi uppskattar att den svenska bostadsytan har
O6kat fran 80 m2 per bostad 1970 till nara 92 m2 per
bostad 1982, en oOkning med 1,1% per ar. Okningen har
varit likartad i alla lander, dock ibland med hdgre
Okningstakt. Den uppvarmda ytan i Sverige vaxte fran 93
m~  till 103 m2 per bostad. | andra lander har den
starka 6kningen av andelen bostader med CV troligen
medfort en nagot starkare Okning av den uppvarmda ytan.
Bostader utan CV varms i regel inte helt.

Bostadsytan har o6kat genom successivt stdorre nya
bostader samt rivning eller annan avgang av mindre
bostadder. | Sverige och Danmark har nya bostédder nastan
alltid varit mindre uppvarmningskréavande, dwvs béattre
isolerade an aldre, sa att nettoeffekten av nya
bostader har varit en minskning av uppvarmningen per
bostad trots en 6kning av storleken. 1 andra lander har
standarden i nya bostader, bade i storlek och i
uppvarmningsutrustning, i stort sett varit sd pass
mycket battre an i de avgangna (eller existerande)
bostaderna att atgangen inte har sjunkit i det totala
byggnadsbestandet

En viktig parameter ar aldersstrukturen i bostads-
bestandet. | tabell 4.3 visas den procentuella for-
delningen av bostadsbestandet i alla lander, mojligen
vidare uppdelat efter bostadstyta. Data 1 tabellen avser
bestandet 1980. 1 regel varms &aldre bostader i dag med
olja, yngre med gas eller el. Tidigare svenska
undersokningar (Vattenfalls 1969 ars hushallsstudie)
visar ocksa ett samband mellan inkomsten, lagenhetens
alder och uppvarmningssattet

Det ar anmarkningsvart att Sverige har en relativt
liten andel bostader byggda fore 1920, vilket beror pa
en aktiv moderningseringspolitik och att aldersférdel-
ningen mellan en- och flerfamiljshus kan vara helt
olika i olika léander. Besparingstakten &r mycket
beroende pa hur pass snabbt man maste bygga och moder-



nisera. Kanadas unga bestand ar en foljd av den hoéga
befolkningstillvéxten under perioden efter 1950. Kanada
ar ett ungt land.

| tabell 4.4 visas antalet nya bostader som byggdes i
olika lander sedan 1975-76. | Sverige har néra 20% av
smahusbestandet byggts sedan 1973, men bara en mycket
liten del av flerfamiljshusen som finns 1 dag. Om vi
raknar med att hus byggda 1975 eller senare kunde ha
byggts med hénsyn till oljeprishdjningar osv ser vi att
Sveriges bestdnd har den lagsta andelen "efter-olje-
krisen'"-bostader pa grund av den stora krisen i fler-
familjshusbyggandet. Kanada, med véaxande befolkning,
har byggt nara 17% av sina bostédder som existerade”1982
efter 1975, medan andra lander ligger mellan de tva
vardena, omkring 12-15%. 1 alla landerna dominerar till
75% nybyggnation av smahus. Men bestandet i dag &r
alltsa fortfarande "fore-oljekrisen”. N&ast Tyskland har
Sverige totalt sett byggt minst sedan 1975.

Nu har det arliga tillskottet bade i Sverige och Dan-
mark minskat avsevart p g a ekonomiska svarigheter och
minskat behov av nya bostédder eftersom mangden nya
hushall minskar. Detta betyder ocksd att Sverige (och
Danmark) maste koncentrera sig pa energibesparing i
existerande bostader, medan nya bostédder kommer att
spela storre roll i1 dvriga lander.”l de andra landerna
vaxer bostadsbestandet mer, dock langsmmare an forut
och storleken pa nya bostader har slutat Oka namnvart.
Det finns dock mer att foérvanta i andra lander vad
betraffar inverkan av nya byggtekniker och normer,
eftersom nya hus dar kommer att spela en stdrre roll i
framtiden jamfort med i Sverige och Danmark. Men &aven i
dessa lander maste en stor del av den framtida energi-
besparingen tas ut i existerande bostader.

4.1.3 Boendetathet

Boendetdthet (tabell 4.5) &r en viktig parameter som
paverkar hur huset utnyttjas (och darigenom
uppvarmningsbehovet), forbrukning av varmvatten och
anvandningen av matlagningsapparater och andra

hushal Isapparater. Sverige har den lagsta
boendetatheten. Den har sjunkit under hela perioden i
alla lander. Andra lander har haft samma tendens, men
alltid hogre varden. Minskad boendetathet minskar alla
energibehov per l&genhet, men moéjligen o6kar behovet per
capita, eftersom alla grundfunktioner i hushallen
utnyttjas av farre manniskor. Minskad boendetathet
betyder stdrre ytor "mot det fria" per capita, eller
stdrre uppvarmningsbehov per capita.

Boendetathetens minskningstakt har ocksa minskat under
de senaste aren, bade p g a demografiska forandringar

- allt fler enpersonshushall forflyttas till pensionars-
institutioner - och inkomstlaget, som gor det dyrare

for barn och farforaldrar att bo skilda fran karn-
familjen. Boendekostnader &ar salunda orsaken till

varfor t ex japanska hushall ar de storsta bland de
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elva landerna (de sex hér némnda plus Japan, England,
Holland, Norge och Italien) som LBL har studerat.

I denna jamforelse har vi inte kunnat ta hénsyn till
familjestrukturen eller till andra hushall an
bostadshushall (t ex ungdomshem, pensionarshem,
fangelser). Vi tror anda att indikatorn korrekt visar
bade skillnader mellan landerna och den viktiga trend
som har pressat energiforbrukningen per capita uppat.

Utrymmesstandarden (tabell 4.5) &ar ett viktigt matt pa
bostadsforhallanden som direkt paverkar uppvarmningen,
vilket vi har beskrivit ovan. Denna har Okat konstant i
Sverige saval som i andra lander p g a storre bostader
och mindre boendetathet. Nu har emellertid bada dessa
faktorer blivit mer konstanta. Under perioden 1970-82
O0kade bostadsytan per capita i Sverige fran 31,3

till 40,1 m2, eller med 2,1% per ar. Okningen i
andra lander har varit hdogre, med undantag av USA.
Utrymmesstandardens ©6kning kan s&dgas vara en av de vik-
tigaste faktorerna som har drivit uppvarmningsbehovet
uppat - eller forhindrat att den minskat.

4.1.4 Klimat

| de lander som ingdr i var studie beradknas antalet
graddagar officiellt pa olika satt och till olika
referenstemperaturer tr fran den officiella till 18°"C.*
Siffrorna visas i tabell 4.6 dar vi ocksa anger grad-
dagsindex (normaldr = 100) for alla ar vi har berort.

Kanada har det hdgsta antalet graddagar (4 580 GD]_gc),
ungefar 15% fler an Sverige (4 10 GD™gc) och Frankrike
som bara har 2 400 GD~gc. Allt inrdknat maste vi dra
denna slutsats: Sverige hade den mest energikravande
strukturen och utgangsforhallandena av alla OECD-
landerna med undantag av Kanada som hade ungefar samma
inkomst och téckning av CV och apparater, med
vasentligt sédmre klimat &an Sverige. Detta betyder att
man forvantar sig att Sverige skulle fdrbruka mycket
energi i hushallen. Men kallt klimat och/eller hdg
forbrukning betyder samtidigt att besparingsinsaterna
ar mycket lIdnsamma jamfort t ex med l&nder med mindre
E?stader, mindre varmvattensforbrukning och varmare
imat.2

* Denna forenkling forbiser ett litet fel som uppstaF
dd andring av referenstemperatur paverkar uppvarm-
ningssasongens léngd. Felet beddms ligga omkring 2% dar
vi har okat graddagsbasen fran 17°C till 18‘C (Sverige
och Danmark), och 10% dar vi minskat fran 20<C till
18‘C (Tyskland). Utan korrigering har alltsa Sverige
och framfor allt Danmark farre graddagar an Tyskland.
Referenstemperaturen i USA och Kanada var alltid satt
till 65 F (=18,3‘C), sa att inget storre fel uppstar vid
en korrigering till 18-c. Vi har inte tagit hansyn till
graddagar utanfdr uppvarmningssésongen
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4.1.5 Realinkomsten

De ovanstaende boendefaktorerna ar starkt knutna till
inkomsten, bade direkt inkomst (disponibel inkomst) och
resurser som ar tillgangliga for privata hushall genom
subventioner och samhallstjanster. Vi visar den dispo-
nibla inkomsten i tabell 4.7.

I denna studie har vi betraktat en familjs disponibla
inkomst * samt bruttonationalprodukten som matt pa
inkomsten. Det forsta indikerar familjens formga att
skaffa energiforbrukande apparater och att koépa
energin. Det andra visar samhallets formdga att skaffa
bostader osv. Dessa kvantiteter kan mitas bade per
capita och per hushall. Disponibel inkomst utgors
dessutom av besparingar och konsumentutgifter. Den
andel av konsumentutgifterna som familjen ar beredd att
offra for energin ligger i iIntervallen 6-10% i samtliga
lander - aven en del U-lander - med undantag av de fat-
tigaste familjerna, som i1 USA offrar upp till 20% av
sin inkomst for energin. Det ar dock svart att mata
budgetandelen i Sverige p g a indirekt energiko -
(kollektiv uppvarmning och varmvatten) i svenska fler-
familjshushall och andra svarigheter att mata
konsumtion i andra lander. Daremot har vi ett bra matt
pad forbrukningen i fysiska enheter.

Sverige ar kant for att ha en av varldens hdgsta BNP
eller inkomst per invanare. Den varierande valutakursen
gor det svart att ge en rattvis bild av den relativa
standarden l&nderna emellan. Vid 1970-talets bdrjan var
en dollar vard 5,19 SEK, 3,96 DEM, 7,4 DKK och 0,60 GBP.
Under mitten av 70-talet hade dessa sjunkit till
ungefar 4,00, 1,80, 5,0 och 0,45 men 1983 lag dessa
varden p& nara 8,00, 2,2, 9,8 och 0,66. Det betyder att
en Oversattning av iInkomster eller energipriser vid
varje ars kurs till SEK, &ven i fasta lokalpriser,

leder till en svangning som dock inte upplevs direkt av
konsumenten. | var ekonomiska undersokning (Chen et al,
1983) o©vervagde vi olika satt att komma undan detta
problem och valde da att anvanda en konstant vaxelkurs
mellan olika landers fasta energipriser. Raoljan
prissatts i dollar, varfdr denna ar mindre beroende av
valutakursen an andra priser. Ett projekt, den sa
kallade "International Comparison Project"

(ICP)3 forsokte berakna den relativa kopkraften i1 en
rad lander och darigenom fa det "korrekta'"
valutakursvardet. (Se aven Chern et al, 1983)" _Tyvarr
var dessa varden beraknade innan dollarn (USD) bérjade
stiga. Detta gor det svart att oOversatta USD till andra
valutor och &ven osakert att oOversdtta SEK till andra
valutor

Vi bedomer att varden fran ICP inte kan anvandas utan
uppdatering, i motsats till i var tidigare
beddmning5 dar vi satte dollarn lika med 4,6 SEK.

* Personal disposable income (US, CAj, disponibel
inkomst (DK), revenue brut des ménagés (FR), verfiug-
bares Einkommen der privaten Haushalten (DE).
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Dollarn har oOkat ungefar 60% sedan mitten av 70-talet
mot SEK, d& ICP raknades ut. D& var ICPs vérde for
dollarn i andra OECD-l&nders valutor mycket nara de
faktiska vardena. Kanadas dollar férlorade en del av
sitt varde mot USD, dock inte i samma utstrackning som
FIM, SEK eller DKK. DEM sj6énk ocksa under perioden
1980-1984, men inte sa mycket som de andra. Vi har
justerat ICPs valutavarden till de aktuella vardena
genom att anvanda den relativa inflationen mellan

landerna. | Danmark och Frankrike, dar inflationen har
varit hdogre an i Sverige, har deras respektive valutor
fallit mot SEK. | de andra landerna har valutorna

stigit. Vi anger dessa aktuella varden fo6r andra valu-
tor i SEK i vara tabeller samt visar originalvalutorna.

BNP och/eller den disponibla inkomsten, uttryckt i
reala termer, visar ocksd den relativa inbdrdes
utvecklingen utan svarighet att tolka kursen. Den
aterger den bilden som konsumenterna ser, namligen
Okningen av standarden efter inflationen. Detta matt
visar att alla lander hade svarigheter med ekonomin
efter bada oljeprishdjningarna, speciellt efter 1979. |
Sverige och Danmark har realinkomsten knappast oOkat
sedan 1977. Man maste da inse att detta inkomsttryck
tvingar hushallen att begransa sin energianvandning, i
alla fall dar inkomsttrycket ar samst, namligen i
Danmark. Samtidigt har inkomststagneringen forsvarat
renoveringar av bostdder och installationer, samt
rivning och nybyggnation. Detta betyder att
energiatgadngen under de senaste aren kan vara bade
lagre (p g a dalig ekonomi) och hégre (p g a dampad
Fforbattringstakt).

4.1.6 Energipriser

Sedan 1973 har energipriserna hdojts véasentligt, spe-
ciellt for oljeprodukter, En del varden aterges i
tabell 4.8. Alla upplevde prissankningar fram till
70-talets borjan. Att sedan jamfdra dessa priser mellan
olika lander ar svart p g a valutakursens markbara
ostabilitet, vilket radikalt har andrat forhallandena
mellan den svenska kronan och andra valutor.

Under lampliga kursforhallanden kan man saga foljande
om Sveriges energipriser. Oljan har, med skatter,
kostat konsumenten ungefar detsamma som det europeiska
genomsnittet under bdrjan av 70-talet, 190 SEK/nW, vid
1983 nara 2 550 SEK/m~. Danskarna och fransmannen har
betalat lite mer, tyskarna ungefar detsamma,
engelsmannen (nastan helt oberoende av oljan) lite
mindre, amerikanarna forst mindre (12 cent/gallon ar
1970 = 3,2 cent/liter = 120 SEK/3 med davarande kurs).
Men i1 dag ar oljan dyr i USA, ungefar 1 USD/gallon eller
2 100 SEK/3 med 1983 ars véaxelkurs.

Utvecklingen i olika lander har varit likartad eftersom
oljans pris bestams mest av réoljans pris. A andra
sidan har den relativa prisokningen varierat mycket
mellan olika energiformer och mellan olika lander. |
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Sverige t ex har elpriset knappast o6kat jamfort med
oljeprisets oOkning. | USA har oljans pris hoppat tva
ganger medan gasen har okat langsammare. Men hela tiden
har el bara ¢6kat lite och under tva perioder. | USA och
framfor allt i Kanada har man p g a bade prisstopp pa
oljan (tom 1981 resp 1978) samt egna ol jetillgangar
haft en annan utveckling. | dag &r priserna i Kanada
lagst. Detta betyder att vi vantar ganska olika
utvecklingar i olika lander beroende till en hel del pa
sammansattningen av energisorter.

Alternativa brénslen till oljan &r huvudsakligen gas
och fasta branslen. Med undantag for ved ar dock fasta
branslen nastan ur bilden. Ved ar mycket viktig men

for det mesta inte kopt utan plockad. Priset ar darfor
svart att faststalla eller helt irrelevant. Gaspriser
daremot kan vara intressanta att jamfora med
oljepriser. 1 USA och Kanada har gas hittills varit
mycket billigare an olja och gas har i USA och Kanada
bildat den stodrsta uppvarmningsmarknaden (nast storst i
Kanada fram till 1979). | Frankrike daremot &r gasen
inte mycket billigare an oljan, 1 Tyskland &ar gaspriset
nastan kopplat till oljepriset. | bada landerna (samt i
USA och Kanada) svarar gas for en viktig del av

ol jenedgangen. | Danmark har fram till 1982 enbart
stadsgas bidragit till varmeforsorjningen men, som i
Sverige (och andra lander dar stadsgas framstalls av
nafta), &ar denna form av gas inget bra alternativ till
oljan. Stadsgas ar alltfor dyr.

Elektricitet bestar som konsumentens alternativ till
varmeforsorjning samt som basis for hushallsmaskiner
och funktioner som inte latt kan utfdoras med bransle,
de sa kallade el-specifika anvandningsomradena ljus,
maskiner och elektronik. Bland de europeiska landerna
har Sverige efter Norge haft den billigaste hushalls-
strommen beroende pa den gynnsamma utvecklingen av
vatten-, k&rn-, och mottryckskraft. Danmark, Tyskland
och &ven Frankrike har betalat mer for varje kWh i
hushallen - delvis beroende pa tarifferna - som har
betytt att de konsumerar mindre per inkomstenhet for el
for el-specifika funktioner. Kanada har haft mycket
billig strom, USA nastan lika billig som tidigare (med
starka regionala skillnader) men ndgot dyrare &an Kanada
har nu. Okningen av hushallselpriset har varit olika i
olika lander.

Priset for elvarme ar ibland svart att avskilja men
maste studeras separat. | England, Frankrike och
framfor allt i Tyskland har uppvarmnings- och varmvat-
tensystem, uppbyggda pa billigare nattstrom, varit
populédra och priset har varit mycket lagre an for
vanlig strom. Priset pa elvarme har varit nastan lika
lIagt som i Sverige, men standarden har varit lagre,
eftersom svenska bostader haft elkraft dygnet runt.
Under decennier har elvarmen i USA i de tva mycket
stora federala rakraftomradena, Bonneville Power Admi-
nistration (Nordvédst) och Tennessee Valley Authority
(Tennessee och storre delar av omkringliggande
delstater) varit mycket billig (ndra 1 cent, d v s 5 ore



med davarande (1970) kurs, medan i andra omraden med
termisk kraft (kol, gas, olja, karn) har elvarme varit
ekonomiskt mindre intressant. Elpriset har okat kraf-
tigt 1 vissa av de billigare delarna av USA och 1 vissa
andra omraden (t ex New York) dar produktionen mest
baserades pa olja. Vi tror att elpriset ar mycket
avgorande for den langsiktiga utvecklingen av elap-
parater (inkl elvarme) och elfoérbrukningen.

Slutsatsen ar att Sverige i borjan av 70-talet hade
energipriser som var nagorlunda genomsnittliga for
Europa - kanske aven bland de billigare - och att
prisokningen inte varit lika stor som i manga andra
lander. Bristen pa billig gas utjamnades delvis av
billig el. | dag ligger Sveriges olje- och fjarrvarme-
priser fortfarande omkring Europas genomsnitt for
uppvarmning, medan el ar billigast jamfort med de
ladnder 1 Europa vi studerar. Med de sista prisok-
ningarna i Nordamerika kan man s&dga att Sveriges
energipriser nu ligger under genomsnittet for hela
OECD. Prisokningen i Sverige har nastan helt fallit pa
oljan och i viss man fjarrvarme*. Den nara relationen
mellan olje- och fjarrvarmepriset, gentemot el, Ffinns
bara i Norge och i vissa delar av Kanada.

4.2 Uppvarmningsstrukturen

Uppvarmning (exklusive varmvatten) svarar i dag for den
storsta delen av hushallens energiforbrukning. En vik-
tig parameter i uppvarmningsstrukturen ar andelen
centralvarme (CV) i EFH- och FFH-bestandet (tabell
4.9). 1 allmanhet kraver CV-eldning 50% - 100% mer
energi for uppvarmning &n kaminer. Den starka Okningen
av andelen bostader med CV i Frankrike och Tyskland
(50%-60% av bostaderna ar 1970, 70%-80% ar 1982)
medforde Okad energianvandning som delvis jamnade ut de
stora besparingsvinsterna i bostader som redan hade CV.
Aven i Danmark ¢kade CV fran 85% till 95% under samma
period. Detta betyder att bostader 1 Sverige, med den
hogsta andelen CV, hade en annan utgangspunkt &an
bostader i1 de Ovriga eruopeiska lénderna.

Det ar viktigt att forsoka dela upp uppvarmningsstruk-
turen - andelar av bostadsbestandet med olika system och
energiformer - i manga fack. Strukturen varierar mycket
bland olika lagenhetstyper, argangar, mellan klimatre-
gioner och mellan tatorter och glesbygder. Vi visar
andelen lagenheter med olika branslen i tabell 4.10 och
andelen for enbart lagenheter med CV i1 tabell 4.11.
Vidare uppdelning efter lagenhetstyp och (for USA)
efter region eller argang aterfinns i vara individuella
rapporter. FOr USA visar vi 1 tabell 4.10 &ven den
norddstra delen som ar den nast kallaste (efter o6vre
mellanvastern, dws regionen mellan Ohio och Dakotas)
och den aldsta bebyggelsen. Vi kan t ex konstatera att
andelen el och fjarrvarme i varje land beror mycket pa

* Vi anger svenska fjarrvarmepriser, enligt WF,
bilaga 1, tabell 10.
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lagenhetstyp, att TfTjarrvarme och gas &ar koncentrerade
till tatorter och, tillsammans med elvdrme, till yngre
bebyggelse, medan oljan aterfinns i stort sett i aldre
bebyggelse samt i Europa i en stor andel smdhus byggda
mellan 1955 och 1975.

Fore oljekrisen hade Sverige den hégsta andelen
lagenheter med direkt oljeeldning (71%). Om man réknar
med fjarrvarme i oljeandelen, eftersom fjarrvarme da
mest var baserad pa& olja, var oljeberoendet da nagot
storre i Danmark &n i Sverige. | Ovriga Europa och
Kanada 13ag oljans andel nara 50%, i1 USA mycket lé&gre.
Sverige var da ytterst sarbart p g a stérningar i

ol jesystemen. Samtidigt gavs dar mojlighet att byta om
till fasta branslen i omkring 66% av de oljeeldade
smdhusen. Flexibilitet noterades &aven i tyska hus, dar
man har behallit mojligheten att elda med kol, dock i
nagot mindre utstrackning (40%) &an i Sverige.6 1 USA
har gas redan borjat ersatta olja under 60-talet, da
oljans andel sjonk fran 32% till 26% av alla

lagenheter. | Kanada hade detta utbyte borjat vid
60-talets slut. | bada landerna accelererade trenden
efter 1973. 1 Tyskland och Frankrike var okningen av

oljan (inkl LPG i Frankrikes fall) sd stark att den
avtog forst efter 1975, dwvs flera ar efter oljekri-
sen. Darfor &r oljans andel 1 dessa lander hogre
1975-1978 an fore oljekrisen, medan den sjunkit i1 de
andra landerna, t o m i Danmark. Forklaringen till den
starka okningen i Frankrike och Tyskland var att olja
forblev det bésta alternativet till fasta brénslen
efter system baserade p& kaminer, som dominerade under
60-talet. Forst vid slutet at 70-talet sjonk oljans
andel i nya byggnader och konverteringar, da el
(Frankrike) eller gas (badda landerna) blev viktigare.
(Uppvarmningsandelarna i nybyggnation visas i tabell
4.12) 1 andra lander, inkl Danmark, har flaskgasen
(gasol, LPG) varit aktuell pa landsbyggden som alter-
nativ till eldningsolja eller el. Bara ar 1980 domi-
nerade oljan fortfarande i norddstra USA, vilket bast
kan jamforas med Sverige.

Sverige har fortfarande den hdogsta andelen lagenheter
med CV och den hoégsta andelen elvarme, samt, bland
flerfamiljshusen, den hdgsta andelen fjarrvarme. Dan-
mark har den hogsta andelen smdhus varmda med fjarr-
varme. Att fjarrvarmen redan var pa stark frammarsch i
Sverige fore 1973 - en trend som accelererade mellan
1973 och 1979 - beror mycket pa brist pa naturgas som
alternativ till oljan. Gas var till och med 1982 nastan
helt borta fran Sverige och Danmark, en orsak till att
dessa lander har sa hog andel olja och (mest oljebase-
rad) Tfjarrvarme. Gas har o6kat sin andel kraftigt i
Kanada, Tyskland och Frankrike sedan b&éjan av 70-talet,
bade genom konverteringar och i nybyggnationer. Gas i
Tyskland eller Frankrike &r inte speciellt mycket
billigare an olja och tog langre tid att inféra. | Dan-
mark daremot, &ar el mycket dyrare an i Sverige och
naturgas, om borjade forst 1983, ar inte heller sa
billig. Att de danska tatorterna redan &ar tackta med
fjarrvarme forsvarar naturgasens langsamma infdrande.
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Fore oljekrisen hade Sverige ocksd den hogsta andelen
elvarme, framst i villor. Kanada och USA kon narmast -
markligt nog var elvdrme mer popular i1 flerfamiljshus
an i villor i USA p g a laga investeringskostnader.
Elandelen &ar mindre i Danmark och Frankrike och minst
av alla i1 Tyskland. Alla dessa lander har dyrbarare el
och sémre l16nsamhet for varmepunpar &n USA. Elkonver-
teringar har haft storsta framgangen i Sverige, langt
darefter i Kanada och Frankrike och i minst utstrack-
ning i Tyskland, USA och framfér allt i1 Danmark. Detta
forklaras mest av prisrelationer. Sverige har det mest
gynnsamma forhallandet mellan el- och branslepriset
bland landerna. Det l3ga priset pa el i Kanada
konkurrerar med laga priser pa olja och speciellt pa
gas.

El svarar for en viktig andel 1 nybyggnationen, spe-
ciellt i smahus (tabell 4.12). Elandelen i nya villor
ar hogst i Sverige. Detta kan bero pa den avancerade
byggtekniken som gav en energisnalhet som gjorde el
intressant och billig for uppvdrmning aven fore 1973. |
Danmark i dag har el i smahus varit populart trots hdga
priser, sakerligen p& grund av bra byggteknik.
Inbesparingar i installationskostnader kan téankas
betala den hoégre energiavgiften for el (mf oljan). |
Tyskland daremot har man inte natt den skandinaviska
standarden i byggteknik, varfor elvdrme har en mindre
andel &n i Danmark. | USA svarar elvarmepunpar for 50%
av el- (och 25% av hela) villamarknaden, oftast
tillsammans med kylning.”~ Den hdéga andelen el 1 ameri-
kanska flerfamiljshus forklaras mest av de laga
investeringskostnaderna for byggherren, entreprendren
och/eller husagaren.

Det ar intressant att notera att andelen olja i nya
villor och flerfamiljshus 1 Sverige, &aven med kvarter-
centraler medréknade, sjonk 1 bérjan av 70-talet och
foll starkt efter 1973. Detta intraffade forst nagra ar
senare i1 USA och Kanada och forst 1979 i1 Tyskland och
Frankrike. 1| dag har bara Tyskland en oljeandel i nya
bostader storre an 25% (45% 1981-82). Danmark ligger pa
25%, Frankrike pa 16%, USA, Sverige och Kanada mycket
lagre. Vi tror att den tidiga overgangen fran olja till
el 1 Sverige mycket beror pa det relativt gynnsamma
priset p4 el och ett stort intresse for kollektiv
varmeforsorjning

Fjarrvarme, som inte raknades med ovan under olja, spe-
lar en mycket viktig roll i utvecklingen i fler-
familjshus i Sverige efter 1973. Fjarrvarmens andel i
nya flerfamiljshus 1 Sverige hade varit relativt hog, i
Danmark nagot lagre beroende pa& dess tidigare starka
utbredning i smadhus. | Danmark och Sverige har antalet
nybyggda lagenheter fallit drastiskt sa att okningen av
anslutningarna beror mycket pa konverteringar av fler-
bostadshus fran olja. Vi har inte beraknat fjarrvarme
(som priméarenergi) med hansyn till den faktiska insat-
sen i1 systemet, utan anvander i1 stédllet en schablonef-
fektivitet, 75%, for omvandlingsforluster i1 varje land.
I Frankrike och Tyskland &r insatsbranslet blandat, i



Sverige och Danmark var oljan (och en liten del sopor)
dominerande fore 1973. Sedan dess har Danmark o©kat sin
andel kraftvarme och kol. Ar 1982 producerades i Dan-
mark 78 PJ hetvatten och 80 PJ el med 192 PJ bransle,
mest kol, och bara 35% olja. | Sverige daremot svarade
oljan for 80% av insatsen och enbart 9 PJ el (mot 109
PJ varme) producerades. Sa& ar ocksa fallet i Danmarks
varmeverk, men de svarar for mindre an halften av pro-
ducerat hetvatten.

Detta betyder att fjarrvarme bor raknas som olja i
Sverige under perioden 1970-1982. Dock diskuterar manga
svenska kommuner o6vergangen till andra branslen. Aven
el anvands sommartid, nagot som &ar unikt inom OECD. Vi
har valt att alltid redovisa fjarrvarme for sig, men vi
noterar att den starka nedgangen i oljans direkta andel
av uppvarmningsstrukturen i Sverige delvis ar
missledande. Nastan hela nedgangen i flerfamiljshus-
bestandet beror pa& konverteringar till fjarrvarme.

Man kan konstatera att fjarrvarme i Sverige spelar
ungefar samma roll som gas i1 Tyskland, Frankrike och
Kanada - ett varmeforsodrjningssadtt som for det mesta ar
koncentrerat till tatorter dar fjarrvarmenat finns.
Skillnaden &ar dock att gas varmer upp manga villor i
dessa lander medan fjarrvarme i Sverige varmer mest
(90%) TFlerfamiljshus - utan direkt debitering av anvand
varme - i Sverige. Den forvantade andelstkningen av
fjarrvarme i Tyskland intraffade inte eftersom gasen
snabbt blev populér. Okningen av fjarrvarme i Frankrike
har varit namnvard, men den totala andelen ar fort-
farande liten, delvis beroende pa det varmare klimatet.
Gas svarar i1 stallet for en stor del av uppvarmningen i
nya byggnader i dessa lander, sasom i USA och Kanada,
dar el inte &r intressant.

Allt inradknat maste man konstatera att Sverige har haft
en ganska latt Overgang fran direkt oljeeldning till
andra branslen och system, medan det har tagit langre
tid i1 andra lander for att hitta alternativ. Att
Sverige 1972 samtidigt hade den hdgsta andelen olja i
existerande byggnader och en mycket 1ag andel olja i
nya lagenheter tyder pa stor flexibilitet, vilket
bekraftades efter 1979 da en oljekris intraffade och
ndra 40% av de oljeeldade villorna o6vergick till enbart

el, el i kombination med 6vrigt brénsle, ved, eller
ved och olja (Cf kap 3). Oljeandelen 1 totalfdrbruk-
ningen sjonk fran 71% ar 1970 till 42% &r 1982. 1 USA

noterades en nedgang av oljans andel fran 26% till 19%
mellan 1970 och 1980 och forst 1979-80 kom krisen da
cirka 2,5 millioner lagenheter (hadr med flerfamiljshus
inraknade) bytte fran olja. Anda var denna kris mildare
an i Sverige och nedgangen var minst i nordoéstra USA
som drabbades hardast av oljeprishdjningen. Totalt sett
var en mindre andel av bostadsbestandet involverat.

Det bor dock papekas att vissa lander avviker avsevart
fran Sverige i andra sammanhang. | Tyskland (och delvis
i Frankrike) ar elvarmen baserad pa billig nattstrom

och elvarmen i1 Tyskland raknas dar av myndigheterna och
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experterna som icke-central varme. | Danmark réknas
direkt el inte som CV. (Vi réknade elvarme som huvud-
sakligt uppvarmningssystem i Tyskland och Danmark som
CV.) Tyskarnas "Etageheizung" (vaningsvarme) raknas
ocksad som centralvarme, sasom Fernheizung (dansk Fjern-
varme, svensk Tfjarrvarme, fransk chauffage urbain) . |
alla lander &ar avgransningen till kvarterscentral
(Blockheizung (ty), blockcentraller (da)) svag, men vi
tror de alltid ar medraknade under olja eller resp
bréansle. Andelen fjarrvdrmda lagenheter i1 Sverige och
Danmark ar i alla fall mycket stdrre &n i Tyskland och
Frankrike. 1| USA ar Iluftburna uppvarmningssystem de
mest vanliga. | Kanada ar dessa system ocksa vanliga
men inte sa som i USA.

Tabell 4.9 visar att Sverige alltid har haft den hdgsta
standarden vad betraffar centralvarme. Vi kan tyvarr
inte se hur stor andel av en centralvarmd bostad som
faktiskt varms, men opinionsundersokningar fran Norge,
Danmark, Tyskland och USA tyder pa att folk inte varmer
hela huset. Samtidigt kan vi antyda vilken andel av
hushallen som anvander sig av kompletterande bransle
(huvudsakligen el, ved men ocksa fotogen eller gas)
eller annat system. Anvdndningen av sekundart bransle
eller sekundar varmekalla ar dock val utbredd i Sverige
i smdhus (40%) p g a billig el och tillgang till ved,
men ar mer begransade till ungefar 20% av smahusen i
USA. En stor del av de franska hushallen (cirka 10-15%
ar 1982) har matspisar som ocksa producerar nyttig
varme, aven som huvuduppvarmningssystem. Totalt hade
40% av hushallen ett annat bransle for sekundar
uppvarmning i ett annat system. M&tningar av brénsle-
insatser ar tillgédngliga i Sverige och Frankrike. |
Sverige svarade ved och el som komplement till ungefar
12% av den totala levererade uppvarmningsenergin. X
tyska bostéder svarade ved for ungefar 1% av den totala
energiforbrukningen 1982, ocksa en mycket liten andel.

I USA ligger siffrorna mellan 8% och 10%. Vi tror att
ved som komplementbransle &ar en mycket viktig
forklaring till den minskade oljeatgangen i1 USA och
Kanada, sasom ar val bevisat i Sverige. Tyvarr saknas
konkreta upgifter om Kanada.

10% av alla danska hushall (mest i smahus) sidger att de
ager en "brandeovn”, en liten kamin som brénner ved
eller avfall, men det saknas konkreta uppgifter om hur
mycket bransle som anvands 1 dessa kaminer. Ytterligare
nagra procent har fasta branslepannor. Danmark bar inte
den tillgangen till billig plockved som finns pa lands-
byggden i Sverige och 1 viss utstrédckning i andra
lander. Det ar emellertid tveksamt att '‘brandeovne’
kunde ha svarat for den enorma minskningen av det spe-
cifika oljebehovet, nara 55%. Detta skulle motsvara nara
2,5 m3 olja eller 8 m3 torr ved och en mycket storre
mangd funtigt avfall per smahus och ar! Nya, opubli-
cerade uppskattningar av myndigheterna i Danmark tyder
p& en insats pa mellan 5 oc 8 PJ biobransle - ved,

halm, avfall osv - som kunde ge ca 25-40 GJ/bostad
bland de 200 000 som har mojlighet att elda med ved
eller liknande. Detta ar dock en mycket mindre sankning
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an i den specifika forbrukningen i samtliga danska
bostader

4.3 Energiforbrukningen

Den totala energiforbrukningen for de sex studerade
landerna visas i tabell 4.13. Vi visar levererad,
primar och nettoenergi. FOr att o6ka jamforbarheten och
kontinuiteten i tid inkluderar vi &aven nagra mellanar
som vi annars inte har kunnat redovisa i1 detalj. Om
inget annat anges ar alla varden korrigerade till
normalklimat.*

Vid konvertering fran levererad till nettoenergi &r
omvandl ingsfaktorn - effektiviteten - starkt beroende
av bade branslen och system. Man anser att gas har
hégst verkningsgrad (mindre sot, oftast separerad varme
och VV), darefter olja, medan fasta bréanslen har samst
verkningsgrad. Kaminer som inte ar anslutna till
skorsten har i princip 100% verkningsgrad, dock maste
man vadra for att fa bort den luftférorening som uppstar
Vattenburna eller luftburna system medfor olika
distributions- och tomgangsforluster, medan direkt-
verkande el i princip inte har nagra forluster vid
uppvarmning. Varmvattenberedning med stor tank ger
liknande forluster beroende pa energislaget, medan
genomstrémningsapparater enbart har omvandlingsfor-
luster. Vi har inte kunnat ta hansyn till alla even-
tuella omvandlingsfaktorer samt deras foéradndringar men
vi papekar alltid dar de kan ha spelat en viktig roll i
forandringen av forbrukningstalen. Vi paminner aterigen
om att, bokforingsmassigt, Overgangen fran bransleeldat
system till el eller fjarrvarme reducerar atgangen av
"levererad" energi, men i regel 6kar atgangen av primar
energi.

Dessa totalsiffror anvdnds ofta energipolitiska
diskussioner. Sjalva programmet Sverige,
"Energihushallning mm" som antogs av Riksdagen 1975,
var baserat pa en beraknad ¢kning av den totala
anvandningen av levererad energi! Tyvarr kan man inte
saga mycket om energibesparingen med enbart siffrorna
for den totala forbrukningen. De &ar beroende framfor
allt av befolkningen, antalet l&genheter och
apparatstrukturen. Vi visar dem emellertid for att
underlatta jamforelsen med annan statistik. Men
okningstakten ar mycket lagre efter 1973 an fore.

Vi ska nu diskutera de olika energislagens andelar.
Viktiga atgangstal, dwvs energi per bostad och dyligt,
diskuterar vi senare.

*Projektet ""har—pTdsbrTsT endast kunnat utarbeta
nagra av aren for vilka uppgifter om bade foérbrukning
och struktur finns. De flesta ladnder kan dock fdljas
kontinuerligt under perioden 1970-73 fram till 1982.



4_.3.1 Andelarna el och olja av totalfdrbrukningen

Oljeandelen av energiforsérjningen har alltid varit ett
mal for diskussion i energipolitiska sammanhang.
Energiandelar visas i tabell 4.14. Oljans andel i
Sveriges energiforbrukning for bostader var relativt
hog 1970 och anda hégre om man raknar in fjarrvarme.
Oljeandelen utan fjarrvarme har fallit avsevdrt sedan
dess. Elandelen har varit hdogst och andelen el till
uppvarmning ocksa hogst inom vara studielander. Bland
andra lander har oljeandelen fallit starkt och tidigt
(Kanada, USA) eller svagt och senare, dwvs efter 1978
(Tyskland, Frankrike), dar oljans andel var &nnu storre
1978 an 1973. Anledningen dartill var brist pa billig
el eller gas for uppvarmning i CV-system. Konsumenten
satte ett hogre varde pa CV an samhallets varde (och
konsumentens kostnader) for o6kade oljeanvandning
varfor antalet och andelen lagenheter med olja som
uppvarmningsbrénsle dkade namnvért i Frankrike och
Tyskland och &ven, fram till 1980, 1 Danmark.

Fjarrvarme har svarat for en viktig del av
oljereduktionen. Vi namnde ovan att fjarrvarme i
Sverige &aven 1982 produceras till 80% med olja, varfor
vara siffror for oljeandelen kan vara lite vilseledande.
Kombinationen olja-fjarrvarme har gatt ned endast med
10 procentenheter. Utan gas men samtidigt med billig el
och ved, har Sverige valt det enda m6jliga alter-
nativet, namligen en Overgang till el och ved i
smahusbestandet. | flerfamiljshusen har emellertid
enbart en forskjutning fran direkt forbranning till
fjarrvarme samt en namnvard reducering i atgangen
svarat for oljereduktionen. Mot denna bakgrund kan man
bedéma Sveriges oljereduktion som genomsnittlig for
studieldanderna. Reduktionen i Danmark, som inte har
haft nagot alternativ till olja for direkt anvandning
och som radikalt har andrat oljans andel 1 fjarrvéarmen,
maste beddmas som stiorst, efter USA.

Elanvandningen har varit helt komplementdr. Aven med
brister i 1982 ars statistik kan vi sdga att Sverige i
dag har den hogsta andelen el i bade uppvarmnings-
monstret och i den totala bilden. Vi tror ocksa att
besparingar i elvarmen i existerande smadhus har &gt rum
i Sverige (cf kap 3 och bilada 1), matt i1 férbrukning
per kvadratmeter. Men inga dramatiska sankningar i
existerande smahus har &gt rum, forutom en o6kning av
vedinsatsen i en hel del elvarmda smahus.

Den totala elanvandningen per bostad ar hégre i USA och
Kanada &@n i Sverige p g a flera och storre hushallsappa-
rater och hdég anvandning av el for varmvatten. Luft-
konditioneringen i1 USA spelar en viktig toll, den finns
i nastan 10% av alla hushall. Elanvandningen i Danmark
ar lagre pa& uppvarmningssidan, men aven nagot lagre for
hushal Isapparater eftersom de kostar vasentligt mer. |
Frankrike har elandelen ¢kat, vilket delvis beror pa en
kampanj for 'tout electrique”, dwvs "helt elektriska
hus" som var populart i USA pa 60-talet i och med
elvarmens introduktion. Men elens andel i svenska bo-
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staders energiforsorjning och forbrukning ar unik bland
studielanderna

Man bor emellertid titta pad framtidsbilder pa elvarmens
kraftiga expansion eftersom belastningen vintertid kan
vara ett bekymmer och man vantar flera forbattringar pa
samtliga elanvadningsomraden. Sist bor man erinra om
att elanvandning, sasom all energianvandning, a&r
kanslig for prisandringar pa lang sikt, vilket for-
klarar varfor Sverige, med det mest gynnsamma priset

pad el, har haft den utveckling det har haft.

4.3.2 Atgéngstalen

Vi har visat viktiga skillnader i1 energifdrbrukningens
struktur. Inkomster, bostadsbestandet och branslen
varierar kraftigt bland landerna. Hur ser da Sverige ut
jamfort med andra lander, forst nar man slar ihop all
energi och betraktar atgangstalen, dwvs energifor-
brukningen per capita eller per bostad? | detta avsnitt
behandlar vi energianvandningen per bostad, men lasaren
kan anvdnda demografiska uppgifter i tabell 4.1 for att
i stidllet rdkna per capita.

De totala atgangstalen redovisas i tabell 4.15. De
individuella atgangstalen, raknat i olika energimatt,
redovisas i efterfoljande tabeller. Vi visar 1 princip?®
utvalda &r fran perioden innan, mellan och efter de tva
stora oljekriserna.* Sverige har ett genomsnittligt
atgangstal for uppvarmning, ett hogre atgangstal for
varmvatten, ett lagre matlagningstal (som vi inte
behandlar) och hdg anvandning av el for apparater
jamfort med de flesta OECD-landerna i Europa.

Atgéngen visar att Sverige, liksom de andra landerna,
har haft ett trendbrott och en nedgang 1973, en plan
utveckling 1975-78 och en nedgang 1979-82.
Forbrukningen i1 Sverige, raknad per bostad, Okade med
1,6% per ar 1965-72 (jamfort med mellan 3% och 6% per
ar for alla medrédknade lander fore 1972 (Ref 5)), men
foll eller stagnerade efter 1973. Fore oljekrisen lag
Sveriges atgang lite under Danmarks, men vasentligt
hégre an den i1 Tyskland och Frankrike. USA och Kanada
hade mycket hdgre vérden. 1981-82 var ordningen nastan
densamma, bara Danmark hade fallit under Sverige och
skillnaden var mindre.

Nedgangen i primar energi har varit mindre for samtliga
lander p g a okad andel el bade for uppvérmnings— och
icke-uppvarmningsandamal. Sveriges primara atgang
dndrades knappast, medan Danmarks sjonk med mer an 1%
per ar och fér USA och Kanade, de storsta forbrukarna,
med néra 1%. Nettoenergifdrbrukningen har sjunkit med
1,3% per ar i Sverige, ocksa en av de mindre forand-
ringarna bland landerna. Att dessa tva senare tal for
Sverige inte har sjunkit lika kraftigt som levererad

* Antalet ar i~varje period ar inte alltid detsamma for
alla lander p g a statistikens tillganglighet.
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energi tyder pa att levererad energi kanske inte alltid
ger en rattvis bild av energidtgangen i bostader.
Overgangen fran bransle till el (och fjarrviarme) medfor
i och for sig en nedgang i forbrukningen som ar bokford
under levererad energi.*

Hur mycket har da Sverige och andra lander sparat?
Réaknat som minskningar 1 energi per bostad (L) har
Sverige haft en reducering av atgangen mellan forsta
perioden och 1981-82 med 20%. (0% P, 12,5% N). Danmark
har minskat mest vid alla de tre talen (34%, 26%, 33%),
sedan Kanada (24,5%, 10%, 19%)** sedan USA. (18%, 9%,
15%), sedan Frankrike (10%, 0,5%, 11%) och Tyskland
(9%, 2%, 7%). Minskning i primdr energi 1 Sverige,

H— 0%, beror pad att elanvandning har okat kraftigt for
alla andamal, sasom i alla andra lander. Minskningen i
nettoenergi 1 Sverige, 12%, kanske helt riktigt tyder
pad den besparing som har gjorts.

I jamforelsen mellan landerna av bade absolut
forbrukning och relativ sénkning kan man lasa ut mycket
om Sverige. Att forbrukningen av levererad energi
minskade mest och inte alls med primar energi beror pa
att i Sverige har el som ersattning till olja slagit
igenom mest. | andra lander har elandelen ocksa okat,
dock mer p g a 6kning av antalet elapparater och i
mindre utstrackning for elvarme. Sverige tillhorde
tillsammans med Danmark mellanforbrukarna fore 1973,
medan USA och Kanada lag mycket hogre och formodligen
hade mycket att spara in pa kort sikt. De oOvriga lan-
derna hade en lagre energistandard i bostaderna sa att
dven stora besparingar i bostdderna med CV och andra
moderna system jamnade ut den naturliga okningen i
standarden och elanvandningen. Denna o6kning var s pass
stark att atgangen i Tyskland och Frankrike i stort
sett var hogre under mellanaren ('midstream” i tabellen)
an ar 1972 och 1982.

ar 1982 visar att nedgangen avtar. | Tyskland och
Sverige har forbrukningen okat lite 1 primar energi,
dock gor osdkerheterna i statistiken denna 6kning
mindre signifikant. | USA har vi funnit en konstant
nedgdng tom 1980 och med hjalp av en annan, ej
fullsténdig tidsserie, tror vi att minskningen fort-
satte, sd att den totala minskningen tom 1982 ar
négot storre an vad vi redovisat. Forbattrat material
fran 1982, vilket inte var tillgangligt 1 mars 1984,
behtvs for att kartlagga en eventuell stagnering av
besparingen, vilken uppgang eller utplaning i
atgangarna skulle tyda pa. Vi anser att mojligheten att
besparingstakten har avtagit maste undersokas narmare.

* FOorluster fors till energiomvandlingssektorn. De
flesta danska och svenska utredningar raknar med bade
levererad och nettoenergi, vilket gor det mojligt att
bedéma effekten av dessa omvandlingsforlunster

** Utan hansyn till ved, som vi bedotmer svarar for tva
procentenheter

100



Hur mycket av atgangens minskning beror pa demografiska
faktorer som vi inte kallar for energibesparing? Detta
ar svart att berdkna, men grovt sagt tror vi att en?®
mindre del, hogst 10% av sjalva minskningen beror pa
demografi. Nedgangen bland de flesta lander under &aren
1973-75 och 1979-81 har varit for stor for att kunna
forklaras av demografiska andringar (se ovan, ka. 2),
vilka tar mycket langre tid for att paverka energidt-
gangarna.

Problemet med denna enkla berdkning av energi per
bostad, oavsett vilken energi vi anvédnder (L, P eller
N), &ar att den nedgang som har &gt rum vad betraffar
uppvarmning (och varmvatten) delvis har utjamnats av
okningen i elanvandning i1 alla léander, samt en kraftig
okning av andelen lagenheter med CV i Tyskland och
Frankrike. Varmvattenstandarden har ocksa ¢kat avsevart
i dessa lander. Darfor maste vi ocksa behandla dessa
poster separat, trots att uppdelningen ar mer osaker &n
totalanvandningen

4_.3.3 Rumsuppvarmning

Rumsuppvarmning, eller uppvarmning* (tabell 4.16)
svarar for den storsta andelen i alla landernas
forbrukning och ar darfor avgbrande for utvecklingen av
hela konsumtionen. Andelen varierade mellan 60% och 80%
fore 1973 och mellan 55% och 75% under de senaste aren.
Sveriges andel har alltid varit l&agst, trots klimatet,
och tyder i och for sig pa hog effektivitet. Uppvarm-
ningsenergin per bostad ar lite under genomsnittet for
alla landerna under alla aren. Ganska egendomligt nar
man tar hansyn till Sveriges klimat.

Nedgangen i alla landernas uppvarmning mellan 1972 och
1981-82 visas klart 1 siffrorna i1 tabell 4.16, dock
mindre 1 Frankrike och Tyskland p g a den starka
okningen av andelen hushall med CV, nara 50% mer 1982
an ar 1970. Redovisningen kan inte rattvist skilja
nedgangen mellan varme och varmvatten i Sverige och
Danmark dar nastan allt varmvatten produceras tillsam-
mans med uppvarmning, atminstone med samma bransle. |
de ovriga landerna kan man lattare avskilja den ena
fran den andra med hjalp av manadsleveransstatistik och
de olika branslekombinationer som foérekommer. Man kan
alltid for sadkerhets skull kombinera varme- och varm-
vattensenergin i Danmark och Sverige for att fa en
sakrare siffra (tabell 4.17). Nedgangen i detta tal
bestar vilket bekraftar att utrakningen har varit
riktig.

Det finns dock vissa skillnader mellan Sverige och de
ovriga landerna. | Sverige har oljedtgangen fallit
kraftigt, mer an 25% i smahus och omkring 20% i
flerfamiljshus. Nedgangen i eldtgangen har varit mycket
mindre p g a manga olika faktorer, bl a den gynnsamma
prisutvecklingen for el men ocksd det relativt unga

* HaF -exkr~energr£6rbruknTrig~t: in~hushH Isvarmvatten
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bestandet av elvarmda smdhus. | 6vriga lander har
daremot minskningar av uppvarmningsatgangarna bland
samtliga branslen noterats i var OECD-studie.

Debiteringen i flerfamiljshus ar en viktig skillnad
mellan Sverige och oOvriga lander. De flesta svenska
lagenheter hade inga varmemédtare (mot t ex cirka half-
ten i1 Tyskland och 80% i USA och Kanada som betalar
efter matare). Bristen pa individuella matare i Sverige
gbr sakert att inga boende i FFH stanger av olika rum.

I Frankrike, Tyskland, USA och Kanada daremot, dar gas
ofta varmer individuella lagenheter centralt, dwvs med
anlaggningen i eget gemensamt pannrum, &ar det latt att
halla en del av lagenheten sval. Den franska statisti-
ken visar att lagenheterna med individuell gasledning
har vasentligt lagre specifik forbrukning an lagenheter
med gemensam gaspanna, aven om sjdva pannan har hdg
verkningsgrad. Omvant &ar fallet med olja eftersom
gemensam eldning 1 stora system ar viktigare an bristen
pa debitering. | samtliga lander ar varmvattensfor-
brukningen alltid lagre med individuella apparater an
med de kombinerade systemen vilka &ar regel endast i
Danmark och Sverige

4.3.4 Varmvatten

Varmvattensenergin (W), som redovisas i tabell 4.18,
svarar for den nast hodgsta andelen av
energianvandningen. Nastan alla svenska lagenheter har
haft rinnande varmvatten sedan slutet av 60-talet. |
Sverige har man nastan alltid réknat med varmvatten pro-
ducerat i centralvarmesystem. Danmark har haft en
likartad utveckling fram till 1972 med utveckling av
vattenburna system baserat pa olja och fjarrvarme, dock
med lagre andel CV i lagenheterna. | hus utan CV har
framfor allt fristdende el, gas och annan typ av varm-
vattenberedning anvants, dock alltid i mycket mindre
utstrackning an de vanliga systemen. Detta betyder att
varmvattensforbrukningen i1 Danmark och Sverige har
varit mycket hdég, &aven i bdorjan av 60-talet.*

I de 6vriga landerna har utvecklingen varit mycket
annorlunda. En anledning till den kombinerade produk-
tionen av varme och VV har varit den langa uppvarm-

ningssasongen i1 Norden. 1 andra lander réaknar man med en
kortare sasong och da forsoker man gora VV oberoende av
varmen. | USA och Kanada domineras bestandet av

fristaende W-beredare som rymmer mellan 80 och 200
liter. Endast 40% av oljevarmda smdhus i USA har varm-
vatten baserat pa olja, medan de flesta gasvarmda
lagenheterna ocksa har W-beredare med gas. Men totalt
har 6ver 50% av Bagenheterna i USA och Kanada elbaserat
varmvatten, dwvs en mycket hdgre andel &n andelen
lagenheter med elvarme. FOrbrukningen &r lika hdg,
eller hogre, an i Sverige.

*Uppskattningar av hur stor andel av energianvdndningen
som gar till varmvatten i Sverige diskuteras i bilaga 1.
For andra lander, se vara individuella rapporter.
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I Tyskland och Frankrike (samt i manga andra lander som
inte redovisas har) &ar varmvattensférbrukningen mycket
mindre &n i ovannamnda l&nder. Har utvecklas genom-
stromningsapparater, baserade pa gas eller el for hus
utan CV. Dessa system varmer vattnet vid anvandn-
ingsstallet, d v s 1 badrummet eller koket. Detta
medfor alltid minskade forluster men systemet har inte
samma prestation som centralsystem med lagringstank.
Fristdende W-beredare finns ocksa, speciellt i badrum.
Vi tror att det totala behovet av varmvatten skapar en
marknad for dessa apparater. | manga fall ror det sig
mycket om priser. Man far rad till matlagning och varm-
vatten med el och stadsgas (eller naturgas) i enkla
system, men anvander sig av olja, gas eller fasta
branslen i1 kaminer for uppvarmning. Nar CV kom in i
husen blev oftast el- eller gas- VV-apparaten kvar dar
den hade statt och gasen tog enbart 6ver uppvarmningen
medan den elektriska W-beredaren stod kvar. Andra hus
gick over till enbart gas eller enbart el. | dag ar det
egentligen bara i1 Danmark och Sverige dar i regel
nastan alla hushall har samma bransle for uppvarmning
och varmvatten. Det finns manga hushall i de andre
landerna maed tre bransleformen, matlagning inraknad.

Det ar mycket svrat att faststialla en forandring i
varmvattensforbrukningen i Sverige eller Danmark p g a
brist pa matningar i kombinerade och individuella
system. Vi har dock antagit en liten minskning av VV-
energin i olje- och fjarrvarmda lagenheter i1 Sverige
och Danmark. 1 USA finns det en minskning av som-
marmanadernas gasforbrukning som tyder pa minskad
VV-forbrukning. | den detaljerade franska statistiken
finns det material som jamfor system och branslen med
och utan W-produktion. Det finns ingen klar tendens
att VV-forbrukningen minskar. Totalt sett har dock
antalet W-apparater i Frankrike oOkat, sa att en
besparingstendens har 6verkompenserats av o©kad
standard. Samma tensens galler for Tyskland.

4_.3.5 EI- och gasapparater

Innehav av de 6vriga energiforbrukande apparaterna -
framst elapparater - redovisas i figurerna 4.1 - 4.6.
Gasvarmda torktumlare finns i viss utstrackning i USA
och Kanada, medan gasspisar fortfarande &ar mycket
populédra i alla ladnderna. Det finns, trots hdga
gaspriser, cirka 180 000 (stads)gasspisar (5% av
lagenheterna) kvar i Sverige och 90 000 (ocksa 5%) i
Danmark. Ar 1960 svarade stadsgasen for nastan 40% av
alla hushallens spisar i bada landerna. Gasolspisar ar
ocksd vanliga i delar av Danmark, Tyskland, Frankrike
och Nordamerika dar gasnatet inte har natt ut.

Matlagningen kommer vi inte att behandla i sa stor
utstrackning. Berdknade atgangar redovisas i tabell
4.19. Den minskning vi har sett 1 Sverige och Danmark
for specifika behov av gas beror mest pa andrade
matlagningsvanor. | Stockholm har den genomsnittliga
forbrukningen per hushallsabonnent minskat med mer &n
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50% mellan 1960 och 1982. | USA och Kanada, dar
forbrukning av gas for matlagning alltid varit storre
(och gas mycket billigare) har en viktig teknisk
utveckling, ersattning av pilotldgan mot elektronisk
tandning, tillatit en minskning av forbrukningen pa
nara 50% med oforandrade matvanor. En del av skillna-
derna mellan landerna beror helt pa uppdelning mellan
gas, gasol och el. Sverige har den hbégsta andelen
elspisar och ugnar. Vi har tyvarr inte kunnat studera
vilka olika omvandlings faktorer som bast skulle tillata
summeringen till nettoenergin, men vi tror att primar-
energi kanske ger en battre relativ bild av energian-
vandningen.

I en jamforelse mellan Sverige, USA och Frankrike8
visade Saros att matlagningsenergin ar mycket beroende
pa uppdelningen mellan el och gas. Saros papekade ocksa
att mattraditioner spelar en roll, vilket stammer med
vara egna observationer. Dessutom har vi sett en ten-
dens att matélskare foredrar gas (eller gasol) framfor
el, en forklaring till varfér de som var bosatta
utanfor gasomraden i Tyskland, Italien, Frankrike och
USA valde gasol (LPG) for spisarna. Det kan ségas att
matlagning, som forr i tiden var den viktigaste posten
efter uppvarmningen och oftast var integrerad med
uppvarmning via en gemensam spis, nu har blivit den
minsta posten i anvandningsmionstret. Nu tar mindre
elprylar o6ver en hel del av matlagningsuppdragen genom
korvrostare, hamburgerstekmaskiner och popcornpoppare
Denna specialisering lar spara mycket energi.

Elapparater betyder alltmer for hushallen i dag.
Elektricitet gar ocksa till belysning, elektronik,
matforvaring och hygien samt en del andra mindre
andamal. Det ar svart att kartlagga systematiska
skillnader i storlekar eller prestationer, men det kan
sdgas att apparaterna ar storst och mest utrustade i
USA och Kanada, d&refter Sverige och Danmark, sedan
Tyskland och Frankrike. Det ar ocksd mycket vanskligt
att jamfora den specifika forbrukningen av olika
apparater i hushallen p g a manga beteendefaktorer,
utan att gora direkta matningar. Men i1 tabell 4.20 ger
vi elforbrukningen for elapparater (sa kallade
el-specifika) samt total elfdorbrukning per bostad.

Vad betraffar kyl och frys betyder apparatens storlek,
utrymme och prestation mycket foér energiforbrukningen.
En 300-liters (netto) apparat kan forbruka mellan 200
kWh och 1 000 kWh per ar. | USA och Kanada ligger
kylskapen i intervallen 400-500 liter netto, i Sverige
350-400 liter, i Danmark nagot mindre och i Tyskland
och Frankrike véasentligt mindre. | Nordamerika och
Skandinavien fdrekommer oftast automatisk avfrostning
och ett riktigt frysfack i kylskapen (vilket kallas for
kombispak i Skandinavien). Storslukare Tfinns mest i
Nordamerika sasom kyl och frys i 500-600-litersklassen
som drar 1 500 kWh per &ar. Separata frysboxar ar vanli-
gast i Sverige och USA men finns i samtliga lander.
Vissa andra apparater forekommer ofta endast i Skan-
dinavien, bl a bastu, torkskdp och bilvarmare (finns



ocksd i Kanada och nordligaste USA). Radio, TV, video
och datorer svarar endast for en liten del av
forbrukningen. Mikrokomponenter ar mycket kansliga for
varme och apparaterna har darfor alltid varit
energisnala

De fem storsta forbrukanra - kyl, frys, disk, tvatt och
tork (som delvis producerar egen varme eller
varmvatten) - anvander var och en mellan 400 och 800
kwh per ar beroende pa land, hushall, apparattyp osv.
Vi har gjort ett index av dessa fem apparater som visas
i tabell 4.21. Tabellen visar att Tyskland, Frankrike
och 1 viss utstrackning Danmark har haft snabb
utveckling av bestandet av de fem stora &aven efter
1973, dar bestandet i Sverige, USA och Kanada var
avsevart mer utvecklat. Att tillvaxten avtar samtidigt
som bestandet ar relativt ungt betyder dessvarre att
besparingspotentialen vid apparatbyte fo6r narvarande ar
begransad och forskjuten framat i tiden, d& det blir
dags att byta ut maskinen. Skillnaden mellan landerna
ar mindre i dag an ar 1972. Samtidigt bor man paminna
om att det finns dubbel taéackning i1 USA dar 20% av
hushallen har tva kylskap. Men vi tror att alla lander
kommer att fa var sin matning pa elapparater och deras
elforbrukning.

Apparatutbudet ar mycket internationellt vilket betyder
att konsumenten kunde valja energisnalt om han/hon
ville utan att den inhemska marknaden behdver tacka
efterfragan. Det ar darfor svart att bedoma hur
energisnala apparaterna ar om man inte har tillgang
till forsaljningssiffror for varje modell. Aven om
Elektrolux och andra svenska tillverkare har forbattrat
utbudet kan koéparen eller installatdoren ha koépt samre,
dvs ett urval som totalt sett kraver mer energi.

Fabriker och testanstalter (sasom Konsumentverket i
Sverige) avrapporterar vissa standardiserade testre-

sultat, vilka har_anvants i vissa sammanhang som
indikatorer. Uppgifter fran Danmark (DEFU>.- Tyskland

(VDEW, Z2VEl)-*-*-* och USA-*--1 visar att de nya apparaterna,
raknat efter antalet salda apparater i olika storleks-

och energidatgangsklasser, ar vasentligt battre an utbu-
det 1972-75 vad betraffar kyl och frys. Tendenserna hos
andra apparater ar svara att kartlagga.

Prisokningarna i USA har sakert varit en faktor i den
reala forbattringen av effektiviteten. Men foOrbattring
av USAs centrala luftkonditioneringsapparater har t ex
inte varit lika bra som i Ovriga apparater, eftersom
det oftast ar byggherren, iInte de boende, som gor
inkbpen. Vi tror att det ar viktigt att fortsatta ana-
lyserna den faktiska utvecklingen av hushallsmaskinerna.

4.4 Indikatorer
De rena atgangstalen kan ge en vilseledande bild pa& hur

pass mycket foOrbrukningen har andrats sedan 1972 eller
varfor anvandningen &ar hogre 1 vissa lander. FOr upp-



varmning spelar klimatet och bostads- eller uppvarmd-
ytan en vasentlig roll 1 energianvandningen, medan
inkomst och boendetathet &ar viktiga for varmvattensfor-
brukningen och andra poster.

Vi utvecklade darfor tva uppvarmningsindikatorer,
energi per bostad per graddag for uppvarmning
éMJ/GO/Ia enhet) och energi per kvadratmeter per grad-
ag (KJ/m™/GD). Dessa aterges i tabell 4.22 for
samtliga bostader 1 varje land. (Nettoenergi per
kvadratmeter per graddag visades ocksd i fig 3.13.)
Aven energi for uppvarmning plus varmvatten per
kvadratmeter (eller per capita eller per inkomstenhet)
kan anvandas (tabell 4.17) for att undvika den osakra
uppdelning av forbrukning av olja eller annat bransle i
rumsuppvarmning och varmvatten. Vare sig man mater den
ena eller den andra, var Sveriges energianvandning for
uppvarmning den l&gsta i1 OECD, dwvs mest effektiv.

Vi visar indikatorer for vissa centralvarmda bostader,
branslen och system i tabell 4.23. (Eftersom vi inte
alltid kanner till bostadens storlek eller bransle har
vi angivit forbrukning 1 MJ/GD/bostad. Dar kan man
folja utvecklingen mycket noggrannt da uppgifter om
oljeforbrukningen i de flesta fall uppmats. Att
oljedtgangen faller sa snabbt i de flesta lander ar en
viktig indikation pa att det mest ror sig om snabba
atgarder - med undantag av Sverige. Den laga uppvarm-
ningsindikatorn i Sverige beror alltsad mycket pa
teknik.

Innetemperaturen tycks vara hogst i Sverige jamfort med
de ovriga landerna. Enligt SIBs matningar ligger den
omkring 20-22°C. | USA 12 anger man 20°C nar man &ar
hemma under dagtid och 18°C nattetid. | Holland”®
haller man mycket lagre temperatur nattetid, omkring
14-16‘C. Enkater fran Statistiska Sentral Byran i Norge
och Scantest i Danmark visar i stort sett samma laga
tempearturer (mf med Sverige). Aven om dessa under-
sokningar inte har matt temperaturen avviker resultaten
sd pass mycket fran liknande svenska enkaterl” att vi
maste dra slutsatsen att svensken vill ha det varmare
an folk i andra lander.

Det ar intressant att uppvarmning, matt per kvadrat-
meter eller per capita, ar lika stor i smdhus som i
Fflerfamiljshus i Sverige (se kap 3 eller bilaga 1).
Detta beror pa att flerfamiljshus ar varmda till en
liten men signifikant hogre temperatur an smahus,
sakert p g a brist pa individuell matning och debi-
tering av varme. | andra lander ligger alltid fler-
familjshusens uppvarmningsindikatorer under dem for
smdhus. Vi vet att individuell matning av varme i vat-
tenburna system inte ar latt att genomféra, men vi
maste papeka att var jamforelse visar stora besparingar
med individuell matning.

I USAs gasvadrmda Bagenheter och i néstan alla
lagenheter i Tyskland eller Framkrike d&r individuell
debitering ar regel &ar uppvarmningsindikatorerna mindre
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an den ar i smadhus. Detta skulle vara fallet, eftersom
man har mindre yttervéggsyta och takyta per enhet
bostadsyta. Den hdgre andelen l&genheter i Sverige (&n
i Ovriga lander) kan betyda att uppvarmning per
lagenhet &r mindre an i Ovriga lander, men inte
uppvarmning per capita eller kvadratmeter. Med andra
ord, Sverige har en hdgre andel mindre bostader an
ovriga lander, men ocksad flera sadana, s& att bostads-
ytan per capita ar hoégst i Europa.

Den laga uppvarmningsatgangen i svenska bostader &ar
anmakrningsvard. Var statistik pekar pa att aven i
absolut forbrukning per smdhus eller per kvadratmeter
bostadsyta, har svenska smahus anvant mindre olja an
motsvarande i Frankrike, Tyskland, Danmark och
nordostra USA.* Slutsatsen bestar aven om man inklu-
derar varmvatten och blir annu mer intressant om man
dividerar med antalet graddagar. Att svensk byggteknik
overkompenserade for klimatet kan bero pa manga fak-
torer, inklusive behovet av att klara norra Sverige med
i stort sett samma teknik som Ovriga Sverige. | USA
daremot finna en enorm skillnad mellan byggtekniken i
en och samma delstat, for att inte tala om olika
regioner. ** Ekonomiska faktorer som behandlades i
Marshall Studien 15, var viktiga stimulanser till bade
villadgarnas och byggarnas intresse att bygga effektivt
langt fore oljekrisen. Den stora skillnaden mellan
Sverige och Danmark eller Tyskland kan knappt motiveras
av en liten skillnad (cirka 20%) i graddagstalet! Vi
kan tyvarr inte ta hansyn till &aldersstruktur, byggma-
terial, vind och fukt men vi tror att skillnaden mellan
Sverige och de dvriga lénderna, klimatet inraknat, ar
sd stor att den ar riktig. Det bor emellertid namnas
att fler av landerna byggde 1 mursten eller tegel,
vilket férdyrade isoleringskostnaderna och sakert ledde
till samre isoleringsstandard foére 1973.

Sedan 1978 har uppvarmningsindikatorerna i Danmark,
Tyskland, USA och Frankrike narmat sig de svenska var-
dena, mest medelst kortsiktiga atgarder. Vardena foll
med nara 30% 1 Danmark mellan 1979 och 1981 (néra 50%
mellan 1973 och 1981), med 20% i Tyskland (45% 1972-81)
och med cirka 40% mellan 1973 och 1981 i USA. Men de
stora sankningarna beror mest pa beteendet. Det &r
svart att tro att alla smahus i ett land har kunnat
tillaggsisoleras, alla pannor bytas ut osv. Nedgangen
som vi observerat i Sverige ar langsammare och troligen
mer beroende pa tekniska, langsiktiga atgarder. Trots
Sveriges mest effektiva stallning 1972 kunde man i
oljevarmda smahus spara nara 20% av oljan. (Resten av
nedgangen beror pa ved- och elanvandning samt andra
faktorer.)

* Svenska hus var nast storst efter amerikanska och
lika stora som danska.

** Aven om antalet graddagar pad de flesta orter i USA

ar mycket mindre &n i Sverige ar de l&gsta tempera-
turerna ganska nara de i sodra Sverige.
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slutsatsen ar entydig: Sverige har fortfarande den mest
effektiva uppvarmningen bland de studerade landerna och
har dessutom kunnat spara in en hel del sedan 1970.

Att USAs varde, matt per kvadratmeter, ligger nara de
ovriga landernas - forutom Sveriges - ar ganska egen-
domligt dd USAs totala uppvarmningsatgang per bostad &ar
sd stor. Men detta forklaras delvis av att USAs
oljevarmda villor har den stdrsta bostadsytan i OECD.
Som namnts ovan finns det mycket som tyder pa att
svensken varmer den totala husytan samt en del biytor
medan man i de 6vriga landerna varmer mindre &n den
totala bostadsytan. Att Danmark och Sverige har den
hégsta andelen oljebaserat varmvatten i kombination med
varme, medan i de dvriga landerna system och brénsle
oftast ar olika, tyder pa spartips men samtidigt &aven
en tolkningssvarighet. Vi har antagit att uppvarmningen
i hus i dessa tva lander proportionellt haft en storre
besparing an varmvattnet. Det ar dock mojligt att var
uppdelning mellan varmvatten och varme i Danmark och
Sverige numera ar felaktig p g a den forkortade
uppvarmningssasongen som egentligen betyder férsamrad
verkningsgrad och kanske t o m en 6kad extrainsats av
bransle for varmvatten. Experter vid Danmarks Teknolo-
gisk Institut 16 och Sveriges egna undersdkning HEA (se
bilaga 1) tyder pa en sommarforbrukning for oljevarmda
system som fortfarande &r hég, om man inte helt har
stangt av dessa system. Detta kan férklara den stora
besparingen som uppnatts i Danmark jamfort med i
Sverige. Vi vet att man i Tyskland och USA avsiktligt
har overgatt till el- eller gasbaserat varmvatten i
oljevarmda villor just for att undvika de stora
sommarforlusterna

Tabell 4.24 visar varmvattens- och elapparaternas indi-
katorer i samtliga lé&nder. Varmvattensindikatorn i
Sverige ar hog, sasom elforbrukningen. Det hdga vardet
pa varmvattensindikatorn, netto energi per capita,
beror delvis pa livsstil - hygieniska krav - och delvis
pa anvandingen av olja for varmvattensberedning aret
om. Aven med de stora sankningarna vi har funnit i
bostader med CV i de dvriga landerna var minskningen i
varme + varmvatten i Sverige 1970-72 till 1981-82
tillrackligt stor for Sverige att bibehdlla sin ledning
i denna uppvarmningsindikator. Att indikatorer i
Tyskland, Frankrike och &ven Danmark har Okat sedan
1972 beror pa en lagre standard 1972 i dessa lander an
i Sverige. Danmarks elapparats- och varmvattensin-
dikatorer har, enligt vara uppskattningar, minskat
sedan 1979, medan tillvaxttakten i1 Frankrike och
Tyskland har minskats sedan 1979.

Den hoéga varmvattensforbrukningen i Sverige bor
diskuteras. Den kan bero pad att en stor del av den
svenska befolkningen vuxit upp utan nagon riktig
teknisk eller ekonomisk begransning av varmvattens-
tillgadngen under den period de har bott i lagenheter.
(Forfattaren har en sarskild energimatare pa sin VV-
beredare i Kalifornien och har alltid kunnat mata en
vasentlig stigning i hushallets gasforbrukning for



varmvatten nar svenskar ar pa besok.) Det betyder att
Sveriges hoga varmvattens forbrukning beror bade pa en
hég hygienisk standard och aven ett sldseri. Samtidigt
antar man att systemet i och for sig ar medelmattigt
effektivt. P& sommaren ar fjarrvarme och oljepannor
inte effektiva for att producera enbart varmvatten.
Aven sjalva vattenkranen (och rorsystemet) spelar en
viktig roll for energibehovet.

Den viktigaste slutsatsen man kan géra fran vara VV-
uppgifter ar dock att det finns en stor och klar
skillnad mellan forbrukningen i Frankrike och Tyskland
a ena sidan och Sverige, Danmark och Nordamerika & den
andra. Manga experter i USA tror att det finns en stor
besparingspotential - i storleksordningen 50% - som man
inte riktigt begripit (och anvdnt) &annu. Man har lagt
ner alla resurser pa att spara uppvarmningsenergi. Vi
tror att denna potential existerar &aven i Sverige. Dock
blir den bruttobesparing man uppndr i Sverige (och
Danmark) mindre, eftersom 75% av VV-beredarna é&r
baserade pa olja eller fjarrvarme, dar tomgangs- och
sommarforluster spelar en viktig roll oavsett hur
mycket vatten man varmer.

En utveckling som kan ta 6ver en hel del av varmvat-
tensberedningen kan bli VV-beredare med franluftsvarme-
pump vilket i dag endast finns i Sverige. | USA finns
manga VV-varmepumpar, men de anvander vanlig luft och
har sin basta verkningsgrad i varma delar av USA eller
pa sommaren. Solbaserat varmvatten har ocksa haft stor
framgang i USA dar endast el finns som alternativ,
medan gas fortfarande ar billigast. Men aven i USA
paverkas sol- eller varmepumpens ekonomiska fordelar
valdigt mycket av beteendesidan. Med en forbattrad vat-
tenkran och en minskad temperatur kan energibesparingen
bli sa stor att mer komplicerad, kapitalkravande

teknik blir ekonomiskt ointressant.

Elanvdndning for apparater &ar en viktig post att analy-
sera pa grund av sin starka tillvaxt under hela
70-talet. Da apparatinnehav ar starkt beroende av
inkomsten har vi anvant den senare i indikatorerna.
(Osakerheten i vaxelkurs gor det svart att jamfora
absoluta varden mellan landerna.) Som vi visade i ett
foregaende avsnitt fanns det 1970 stora skillnader i
tackningsgrader pa de viktigaste apparaterna. Sverige
och Nordamerika lag hogst, darefter Danmark, darefter
kontinenten. Dessa skillnader har minskat. Hushall i
Skandinavien har kommit i kapp Nordamerika, medan de pa
kontinenten kraftigt har 6kat sitt innehav av
forvarings- och tvattapparater och sma matlagningspry-
lar. Denna raska oOkning har lett till en snabb stegring
av elanvdndningen aven efter oljekrisen, vilket kan ha
misstolkats till att brénsle ersatts med el.

Den hoga elfdrbrukningen i Sverige forklaras delvis av
relativt laga elpriser, kopplade till hoga inkomster
och mojligen till den langa narvaron i bostaden under
de morka vintermdnaderna. Indexet for innehav av
eldrivna apparater ar hogt. Att Sverige ligger pa den
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hogsta konsumtionsnivan vad galler el for apparater
beror inte pA anvadningen av gas i ovriga lander. Med
Vart begrepp "elspecifik" har vi rensat bort matlagning
och varmvatten, tva funktioner dar bréansle och el
konkurrerar. Samtidigt vet vi att en del varmvatten
ligger kvar i diskmaskiner och tvattmaskiner som i USA
ndstan alltid ar kopplade till varmvattenstanken. Om
dessa apparater skulle varmas med el skulle
elforbrukningen bara o6ka lite. Aven utan mojlighet att
direkt jamfora elapparaternas indikatorer maste vi
konstatera att Sverige har en hdg apparatforbrukning

En klar dampning (tom en nedgang i Danmark) av
tillvaxten 1 posten elapparater har intraffat i Skan-
dinavien och Nordamerika. Den numera langsamma expan-
sionen av bestandet i Sverige, Danmark och USA tvingar
forbrukningen uppét samtidigt som forbéttrade apparater
tvingar den nedat. Den viktigaste skillnaden mellan
landerna ar fortfarande skillnaden mellan 6kningstakten
i bestandet. Men troligen har skillnader i elpriset
lett till att man har stdrre apparater i1 Sverige, USA
och Kanada &n i Danmark, Tyskland och Frankrike. Att
hushallselen steg 4,3% per ar i Danmark fram till 1978
och 1 lika snabb takt i1 Frankrike och Tyskland betyder
alltsd inte att man inte har sparat energi eller el
utan bara att bestandet kraftigt expanderade. | nastan
alla lander upptéackte vi att elférbrukningen per
hushall for apparater stagnerade efter 1980, Tframfor
allt i forhallande till inkomsten. En ny svensk
studiel? sammanfattar en hel del analyser som tyder pa
en stor besparingspotential i framtidens elapparater
samt i varmvattenssystemen. Vi tror att denna potential
kommer att realiseras i alla de studerade landerna. Det
laga elpriset i Sverige utjamnas av den hoga forbruk-
ningen av el som goér det lika intressant att spara el i
Sverige som i andra lénder.

4.5 Nya bostader

Teoretiskt sett skulle alla nya bostédder avsevart ha
minskat uppvarmningsforbrukningen jamfort med tidi-
gare byggnation. Alla lander har skarpt byggnormer och
praxis enligt en enkat som gjordes Tfor Eurisol.

Statistik fran Sverige visar otvetydigt att sd &ar
fallet aven om forbrukningen i hus byggda 1976-1980
(vad betraffar el) inte ligger radikalt under
forbrukningen 1 hus byggda 1970-1975, d v s 1 stort
sett innan oljekrisen hade paverkat byggtekniken. Detta
visades 1 fig 3.11. De nya byggnormerna i Danmark
(BR-77, i kraft sedan 1979) skulle ha medfért enorma
vinster. Enligt opublicerade uppgifter fran SBI,
Horsholm, bygger man i1 dag vasentligt battre an BR-77,
dock inte lika lufttatt som i Sverige. Energimi-
nisteriet 1 Danmark réknar med en forbrukning (netto) i
nya (1982) smahus pa& omkring 0,40 GJ/m2 (uppv + W)
mycket bra jamfort med &ldre siffror 0,75 GJ/m2 1972.
Konkreta siffror fran Tyskland och Frankrike ar inte



tillgangliga, dock kan det sdgas att gasfdrbrukningen
per gasvdrmeabonnent i1 Tyskland inte har stigit som
vantat.1° Samtidigt visar en ny rapport till EG™

att Danmarks nuvarande byggnorm, uttryckt i W/m2/-C for
ett friliggande hus med en volym pa 864 m2, 0,49,

ligger 30% under Tysklands varde (0,69) och langt under
andra medlemmars varden. Eftersom Sverige ligger val
under Danmark kan man dra slutsatsen att Sverige fort-
farande bygger de energisnalaste husen i Europa! Infor-
mation fran myndigheter i Kanada tyder pa vinster i nya
hus, framfor allt i lagenergihus i vastra Kanada
(Saskatchewan), men matningar som ar representativa for
hela bestadndet finns inte och de flesta smahus byggs
fortfarande med samre isoleringsstandard &n i Sverige
trots strangare klimat, tydligen p g a billigare

energi

I USA ar det svart att generalisera. Data fran norra
Kaliforniens gas- och elverk, PG & E, visar en markbar
nedgdng i gasatgangen pa vintern i hus byggda efter
1977, da Kaliforniens, for USA ganska stranga varme-
hushalIningsnormer, tradde i kraft. LBLs analys av
statistik fran USAs Byggentreprendrforbund (National
Association of Homebuilders, NAHB) tyder pa en
forbattring sedan 1973, men han menar att hus i USA
fortfarande &ar mycket daligt isolerade. &r 1981 byggde
man i Minnesota (med ett klimat som motsvarar Ostersund
men med nagra mycket kallare (-30-35‘C) dagar) med en
isolering i vaggarna som motsvarar ett k-varde pa
undefar 0,35 utan justering uppat for koldbryggor. |
Sverige enligt Marshall-studiens uppgifter baserade pa
laneobjektstatistiken, lag svenska bostader pa
0,22-0,25! Alternativt kan man beskriva USAs lage
enkelt - mycket korta tidsperspektiv som gor att
investeringar for att spara energi maste betala sig
inom 5-7 ar.

Allt detta betyder att framstegen i1 nya hus 1 Sverige
fortfarande ar mycket anmarkningsvarda jamfort med
andra lander. Det saknas tyvarr jamforbara matningar
fran de allra senaste svenska husen (samt fran repre-
sentativa hus i Ovriga lander) for att kunna se den
faktiska forbrukningen och bedtma den uppnadda
besparingen.
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INTRODUKTION TILL TABELLERNA

Pa foljande sidor presenteras LBLs uppgifter om
bostadernas energiforbrukning 1 sex OECD-lander. |
manga fall finns inga direkta datakallor, da uppgif-
terna redan ar redovisade 1 olika LBL-rapporter. For
Tyskland, Kanada och Frankrike finns en fullstandig
bibliografi i Schipper et al. 1981. Vissa opublicerade
PM av LBL visar revideringar och uppdateringar till
1981-82 samt uppgifter for USA. Meyers 1982 och Meyers
och Schipper 1984 diskuterar vidare USAs uppgifter.
Sverige och Danmark star dokumenterade i Schipper 1984
resp Schipper 1983 samt bilaga 1 av denna rapport.
Samtliga varden for 1982 &ar provisoriska. Andra grova
skattningar markeras med 7

P& grund av brister i databasen (och delvis tidsbrist)
redovisar vi enbart vissa ar for samtliga lander. Vi
har valt ett eller tva ar t o m 1973. Nagra mellanar
fram till 1978 och samtliga ar fran och med 1980 dar
uppgifter finns. Forbrukningssiffrorna och strukturen
kan bearbetas for praktiskt taget varje ar efter 1973
(Danmark och Frankrike), 1970 (Tyskland), och for de
flesta ar som inte redovisas for Sverige i bilaga 1.
For Kanada och USA ar tyvarr databristen sa stor att
det vore vanskligt att uppge flera ar. For dessa tva
lander galler '"top-down'-serier samt for vissa ar
"bottom-up''-vdrden som anvadnds vid redovisning av spe-
cifika forbrukningstal

I tabellerna anges ibland tva eller flera ar for varje
spalt. Om inget annat anges galler foljande ar for
respektive lander:

Danmark : 1970, 1972, 1977, 1980-82.
Frankrike: 1970, 1973, 1975, 1978, 1980-81
Kanada : 1971, 1976, 1981.

Tyskland: 1970, 1972, 1975, 1980-82.
Sverige: 1970, 1972, 1975, 1978, 1980-82
USA: 1970, 1976, 1980/1
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Tabell

Befolkning, 1QE.
KANADA
DANMARK
FRANKRIKE
TYSKLAND

SVERIGE

USA

4.1

1970/71

21.6

4.91

8.08

204.0

Bebodda Lagenheter*, ic£

KANADA

DANMARK

FRANKRIKE

TYSKLAND

SVERIGE

USA

* Vardena for Sverige och Danmark galler samtliga

lagenheter. Bebodda lagenheter och antalet hushall

6.03

1.78

Demografiska data

1972/73

4.98

52.1

61.7

8.12

1.86

17.3

21.4

3.30

1975/76

23.0

5.03

61.8

8.17

217.6

17.8

22.6

3.52

74.9

1977/78

5.09

53.2

61.3

8.28

2.01

18.7

23.9

3.62

1980

5.12

53.7

61.6

8.32

227.2

2.11

19.1

24.3

3.66

81.6

ligger mycket nadra varandra i1 Frankrike.

Kallor:

Statistiska arsbocker,

LBL Demografiska databas.

1981

24.3

5.12

54.0

61.7

8.32

229.3

19.3

24.5

3.68

82.7

1982

5.12

61.7

8.33

231.5

2.17

24.7

3.70

83.6

115



116

Tabell 4.2 Lagenheter

1970/71 1972/73 1975/76 1977/78 1980 1981 1982

Smahus . procent av samtliga bebodda lagenheter

KANADA 71 64 67 .
DANMARK 56 56 56 57 57 57
FRANRIKE 48 49 50 50 51
TYSKLAND .. 48 48 49 48 48 49
SVERIGE 43 43 45 46 46 46
USA 71 68 .. 69 69

Bostadens Storlek (Bostadsytan) , m2 per lagenhet™
KANADA 98p 99p 100p
DANMARK 77 .. 84 86 86p
FRANRIKE 72 77 79 79P
TYSKLAND 74 75 76 77 77p .-
SVERIGE 81 83 (85) 86 88 89p 90p
USA 130p e 130p 130 130p .o

Icke-smdhus ar lagenheter i flerfamiljshus och oOvriga
byggnader. Husvagnar ('mobile homes'™) i USA och Kanada

raknas som smahus

Ytor visar bostadsytor. Den uppvarmda ytan i Sverige
for smahus ar avsevart storre an bostadsytan.

Kallor: Folk- och bostadsrdkningar, bostadsarsbocker



KANADA

DANMARK

FRANRIKE

TYSKLAND

TYSKLAND

SVERIGE

USA

KANADA

TYSKLAND

DANMARK

SVERIGE

USA

KANADA

DANMARK

SVERIGE

USA
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Tabell 4.3 Bostadsbestandet efter byggnadsar
(Procentuell fodrdelning)

&r Total Antal Period “'glder"
106 | 11 1 1v \"
Samtliga Lagenheter, %
1981 8.62 11(-1920) 13(21-48) 44(49-70) 16(71-75) 16(76-81) 26
1980 2.11 26(-1919) 25(20-49) 29(50-69) 12(70-74) 8(75-79) 39
1975 18.6 40(-1915) 16(16-48) 25(49-67) 18(68-74) >42_4
1978 21.7 22(-1918) 15(19-48) 35(49-64) 16(65-71) 13(72-78) 32
1980 24 . 28(-1948) 47(49-69) 14(70-74) 11(75-80) .
1980 3.67 13(-1920) 24(21-50) 38(51-69) 11(70-75) 7(76-80) 27.3
1980 86.0 31(—1939) 9(40-49) 37(50-70) 23(70-80) e 36.5
Smthus, %

1981 6.2 12 13.7 43.6 14.7 16.0

1978 23 18 32 14 13

1980 1.09 24 19 31 14 11

1980 1.63 20 24 27 13 11
1981a 61.8 27.3 9.4 37. .5 12.1 13.8

Lagenheter i Flerfamiljshus %

1981 2.1 7 10 45 20 18

1980 0.89 28 31 27 9 4

1980 2.04 7 24 47 11 3
1981a 21.4 34.1 5.1 29.9 14.5 15.4 .

Andra spalten ger &ret nar bestandet uppraknades,
tredje spalten ger antalet lagenheter (i miljoner).
ren inom parentes i1 forsta tabellsnittet ger perioden
som ar densamma for smahus och flerfamiljshus med
undantag for USA och de tva olika tyska kallorna.
Kallor: FOB for CA, DK, FR och SE. For Tyskland, data
fran 1978 ars Wohnstickprobe samt en senare enkat fran
Esso. FOor USA (not (s)), data for totalbestandet fran
1980 ars Annual Housing Survey, men uppdelning mellan
smahus och flerfamiljshus fran Residential Energy Con-
sumption Survey (1981, US DO), baserad pa-bebodda
lagenheter

"Alder" uppskattades genom att multiplicera varje
periods andel i bestadndet med skillnaden mellan
periodens mittendr och enkatens ar. For forsta perioden
togs 1900 (1880 for Frankrike). FOr att uppdatera
Frankrikes data till 1981 togs bostadsbyggandedata for
perioden 1975-81 (2,4 x 107) minus den uppskattade
avgangen (0,6 x 10%, genomsnittsaldern 60 ar).



Tabell 4.4

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Nya bostader

Byggandet

1975-1982

106

1.54p
0.28
2.6p
2.84
0.45

13.9

Bestand

1982
106

2.17

19.7

24.9

90.1
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Nya som %

av bestandet

18.3p
12.9
13.0
11.4
12.0

15.4

Med bestdnd avses samtliga lagenheter (aretruntbostader
i USA och Sverige).

Kallor: Bostadsbyggandets rapporter fran varje land.



KANADA

DANMARK

FRANRIKE

TYSKLAND

SVERIGE

USA

KANADA

DANMARK

FRANRIKE

TYSKLAND

SVERIGE

USA

Tabell 4.5

Bostadsytan per capita,

1970/71 1972/73
3.58
2.76 2.68
.o 3.01
2.88
2.56 2.46
3.16
27
27
23
26
32 34
41

* Avser samtliga lagenheter fo6r Danmark och Sverige.

Boende per bostad,

31

30

36

45

1975/76 1977/78
BoendeRthet*
3.23

2.53

2.84
2.73 2.56
2.33 2.29
2.91

34

27

30

38

*x

1980

2.38

2.80

2.53

2.26

2.78

36

28

31

39

47

** Genomsnittlig bostadsyta dividerad med
boendetatheten

Kallor:

Tabell 4.1 och 4.2

bostadens storlek

1981

2.95
2.38
2.80
2.52
2.25

2.77

33
36p
28p
31p

40p

1982

2.34

2.50

2.25

2.77

40p
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KANADA

DANMARK

FRANKRIKE

TYSKLAND

SVERIGE

USA

Tabell 4.6 Uppvarmningens graddagstal

Officiellt LBL Index, Normal = 100
(bas) (18°C) 1970/71 1972/73 1975/76 1977/78 1980 1981 1982
4581 101.5 104.1 107.8
2987 3122 107.8 95.5 o 94.3 103.2 100.0 94.0
(170)
2450 2450 s 107 . 101 101.8  «+
(18C)
3613 3163 o 103.7 95.8 101.3 103.0 100.9  «+
(20C)*
3760 4010 112.3 97.4 88.5 108.8 111.6 107.9 100.7
(170)
2600 102.6 93.6 102.4 106.8 100.9 96.7 98.8

NOT: Justering fran given bas till 18"C sker genom att
multiplicera uppvarmningssadsongens langd med skillnaden
1 referenstemperatur.

* 20'C ar referenstemperatur inomhus, men graddagar
raknas enbart om dagens medeltemperatur understiger
15'C.

Kallor: Kanada: Shell Oil Co. Danmark: Energistyrelsen,
baserat pa Teknologisk Institut, Tastrup, utan hansyn
till sol. Frankrike: CEREN och Agence pour le Matrise
d"Energie. Tyskland: Deutscher Wetterdienst och Esso.
Sverige: Overstyrelsen for Ekonomiskt Forsvar, WS
Tekniska FOreningen. USA: egna berakningar (Meyers),
baserade pa& befolkningsvagd distribution av lagenheter.
Oljevarmda lagenheter har ungefar 3 100 GD, gasvarmda
2 800 GD, elvarmda 2 300.
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Tabell 4.7 Privat disponibel inkomst per capita
1970/71 1972/73 1975/76 1977/78 1980 1981 1982
1970 &rs jokala valuta
KANADA 2701 .. 3589 3563 .. 3680 )
DANMARK 14880 14930 16110 17390 16940 17300p 18060p
FRANKRIKE o f 12325 13710 14900 15300
TYSKLAND 7686 8012 8982 9220 9450 9320
SVERIGE 11880 11930 13440 13740 14160 13820 13550
USA 3413 3859 4149 4212 .o
1970 &rs jokala valuta, nominella 1984 valutakurs till SEK
KANADA 17539 23305 23136 23896
DANMARK 12078 12119 13076 14115 13750 14040 14660
FRANKRIKE .o 11851 .. 13182 14327 14711
TYSKLAND 22740 23704 26574 27278 27959 27574
SVERIGE 11880 11930 13440 13740 14160 13820 13550
USA 27304 30872 L 33192 33696
1970 ars lokala ygputa, kopkraft valutakurs tjll SEK
KANADA 12285 .- 16324 16206 16729 .
DANMARK 10569 10604 11443 12352 12032 . 12604
FRANKRIKE .. 12555 . 13966 15181 15586
TYSKLAND .. 11302 11781 13207 13557 13895 13704
SVERIGE 11880 11930 13440 13740 14160 13820 13550
USA 15704 e 17756 .o 19091 19380
NOT: Valutakurs bestédmdes genom att justera kopkrafts-
kursen (Schipper och Ketoff 1983, Kravis et al. 1975)
for differentiell inflation fram till 1982. Den
konstanta kursen som anvandes var 1 SEK = 0,22 CAD,
1,40 DKK, 0,98 FRF, 0,68 DEM, 0,22 USD. Vid skrivningen
(14 feb 1984) stod den nominella kursen pad 1 SEK =
0,154 CAD, 1,232 DKK, 1,04 FRF, 0,338 DEM, 0,125 USD.
Kallor: Statistiska arsbocker. Privat disponibel inkomst

avser privatkonsumtion plus besparing av familjer samt

vissa

ideella organisationer.
nationalrakenskaper saknar privat disponibel

For Danmark,

vars

konstruerades denna fran konsumtion och besparing.

inkomst,
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2.1
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KANADA
CAD
Index
SEK
DANMARK
DKK
Index
SEK
FRANRIKE
FRF
Index
SEK
TYSKLAND
DEM
Index
SEK
SVERIGE
SEK
Index
USA
usb
Index

SEK

Tabell

1970

7.4
91
5.25

5.0
106

1972

1.33
100
6.02

8.1
100
5.75

6.77
100
6.91

3.27
100
4.81

4.7
100

1.31
100
6.03

Energipriser for hushallen:

Reala 1970 ars priser,

(och SEK) per GJ

1975

1.65
124
7.47

12.9
159
9.16

10.2
150
10.4

7.63
233
11.2

1.85
141
8.51

1978

1.98
149
8.97

13.6

168
9.66

10.7
159
10.9

8.04
246
11.8

9.0
191

2.01
153
9.25

1980

2.23
168
10.1

24.3
300
17.2

12.7
188
12.9

8.55
261
12.6

15.8
336

3.14
240
14.4

eldningsolja.

lokala wvalutor

1981

2.86
215
13.0

14.9p
220
15.2

9.27
283
13.7

20.1
428

3.52
269
16.2

1982

3.12
235
14.2

9.71
297
14.3

23.1
491

3.26
249
15.0

122

8t*

8.5

14.7

9.9

11.5

17

10



Tabell

1970

KANADA
CAD
Index
SEK
DANMARK
DKK 42
Index 108
SEK 29.8
FRANRIKE
FRF
Index
SEK
TYSKLAND
DEM
Index
SEK
SVERIGE
SEK 32
Index 100
USA
uUsD
Index

SEK

4.8 b

1972

39
100

27.7

59
100

60.2

32
100

a7

32

100

6.15
100

28.3

Energipriser for hushallen:

Reala 1970 ars priser,

(och SEK) per

1975

a7

121

33.4

55
93

56.1

32

100

a7

7.03
114

32.3

1978

4.37

19.9

45
115

31.9

53
90
54.1

28
87

41.1

38

7.10

115

32.7

GJ

1980

4.38

19.9

56

144

39.8

58

98

59.2

27

84

39.7

34

106

7.00

114

32.2

elektricitet

lokala wvalutor

1981

4.28

19.5

62p
105

63.3

28

87

41.1

34

106

7.34

33.8

1982

4.33

19.7

65
110

66.3

30
94

44.1

33p

103p

7.65
124

35.2

123

8t*

2.4



KANADA
CAD
Index
SEK
DANMARK
DKK
Index
SEK
FRANKRIKE
FRF
Index
SEK
TYSKLAND
DEM
Index
SEK
SVERIGE(c)
SEK
Index
USA
usb
Index

SEK

Tabell 4.8 c Energipriser for hushallen: gas
Reala 1970 ars priser, lokala valutor
(och SEK) per GJ

1970 1972 1975 1978 1980 1981 1982
‘e 0.95 1.33 1.35 1.53 1.61
.o 4.32 6.05 6.14 6.96 7.32
10.3 10.4 13.8
99 100 133
7.31 7.38 9.80
12.0 12.1 14.8 16.6 18.4 19.3
100 101 123 138 153 161
o 12.2 12.3 15.1 16.9 18.7 19.7
8.04 8.54 8.76 9.80 11.1 12.4
100 106 109 122 138 154
' 11.8 12.6 12.9 14.4 16.3 18.2
22.7 23.2 30.1 29.5 .
98 100 130 127 .
o 1.11 1.57 1.86 1.95 2.23
511 7.22 8.56 8.97 10.3

* Avser 1972 till sista Aaret.

NOT: Gaspriser for Danmark och Sverige avser stadsgas
for icke-uppvarmningsandamal.

Konverteringar: 1 m" EO1 = 35,59 GJ. 1 m" stadsgas =
16,38 MJ. 1 naturgas = 33 MJ
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AT*
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17.4
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Tabell 4.9
1970-71
KANADA 81
DANMARK 84
FRANRIKE
TYSKLAND
SVERIGE 91

USA

78

Forekomst av centralvarme

1972-73

% av bebodda lagenheter

87

48

49

94

1978

93

91

62

69

98

86

Med centralvarme avses system med

distribuerad varme
elradiatorer,

i alla boningsrum,
annan elvarme (takvéarme,

1980

94

92

67

75

929

.

1981

95

93

67

76

99

86

eller vatten-

direktverkande
golvvédrme osv)

praktiskt taget samtliga boningsrum och &aven acclumu-
lerad elvarme, fjarrvarme och aven sadana system i
flerfamiljshuslagenheter som bestar av individuella
enheter for varje lagenhet men som fungerar som
centralvarme. Med icke-CV avses kaminer, spisar som
eldas med ved, olja eller fotogen, gas, andra fasta
branslen och hus med enbart ett fatal elradiatorer,
dvs utan varme i varje boningsrum.

Kallor: Kanada: Stat. Canada Arlig Enkat. Danmark: 1970
Folk og Boligtalling, 1977-83 Bygning og Bolig Register
(med direkt verkande elvarme inrdknat som CV).
Frankrike: CEREN, INSEE och LBLs egen uppskattning.
Tyskland: Esso AG, VDEW, HEA och 1972, 1978
Wohnstichprobe (med acc. elvdrme raknad som CV). USA:
1970 och 1980 FOB, Annual Housing Surveys samt egna
berakningar baserade pa Nat. Interim Energy Consumption
Survey (1978) och Residential Energy Consumption Sur-
veys (1981, 1982).
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1982

94

68

78

99



Tabell 4.10
Land (&r) Antal olja
(106)

Kanada (71) 6.0 57
an 7.2 45
(81) 8.0 34
Danmark (70) 1.8 62
an 2.0 59
(82) 2.2 53
Franrlke (73) 17.3 51
(78) 18.6 45
(82) 19.5 39
Tyskland (70) 20.6 43
(75) 22.8 53
(82) 24.5 50
Sverige (70) 3.2 70
(78) 3.6 57
(82) 3.7 44
USA (70) 64.5 26
(78) 77.2 21
(81) 83.2 17
(Nordost/70) 15.5 54
(78) 17.0 55
(81) 17.9 48

Streck (-) betyder storre &n 0,5% €j anvant.
"Annat"

t- eller

inkluderar

betyder:

héger spalt.

Gasol Nat

(LPG) Gas

1 31
1 38
1 41
1 2
2

2

3 12
3 18
<- 26
1 6
1 15
1 23
1

1

6 55
5 55
5 55
1 37
1 37
1 41

“okant".

El

(% av lagenheter)

6

14

21

15

21

16

19

Fjarr-

varme

27
32

36

14
24

30

Huvudsakligt uppvarmningsbréansle

Kol/ Ved
koks
1 4
2
3
8 «6-
3
3 afr-
22
17 «t*
10 2
43 1
19 1
8 1
2 8
4
4
3 1
1 1
2
3
1 1
1 1

ingdr i narmaste vanster eller
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Tabell 4.11

CH %
Kanada (71) 87
6) 92
(81) 95
Danmark (70) 84
an 91
(82) 94
Frankrike 5) 48
8) 61
(82) 68
Tyskland* (72) 49
78) 74
(81) 76
(83/4) 78
Sverige (70) 92
8) 97
(382) 99
USA a6) 85
(81) 84

Huvudsakligt uppvarmningsbransle i
lagenheter med centralvéarme

Lagenheter

(io06)

9.51
11.3
13.3
10.4
16.4
18.1

19.2

69.8

oljas

Gasol

56

44

34

62

60

54

65

58

50

60

57

53

52

74

58

48

24

16

Se noter till tabell 4.10.

* Inkluderar 3%, 5%,
accumulerad elvarme.

resp

Nat-

Gas

35

39

43

21

25

30

11

20

25

27

55

59

El.

@ av

16

22

12

10

14
18
18

19

Fjarr-

varme

lagenheter)

33
35

38

10
11
10
10
15
25

29

Kol/

Koks

<1

<1

av bestandet som hade

Ved

<1

<1

<1

<1



Tabell 4.12

SFD MFD
Kanada 1971-75a
Antal (000) 906 414
Olja,% 26 14
Gas ,% 40 36
El. ,% 30 50
Danmark 1970-74a
Antal (000) 164 75
Olja,% 55 29
Gas,% <1 1
Fasta,% 0.8 <1
EI. ,% 11 1
Fjarrv. ,% 33 68.
Annat
Frankrike” 1970- 74a
Antal (000)
olja,%
LPG,%
Gas.»
Fasta,%
EL. ,%

Fjaerrv,%

Huvudsakligt uppvéarmningsbréansle per

system i nya bostader

SFD MFD

1976-80
953 357
10 6
45 29

39 65

1975-792
136 78
42 21
<1 <1
<1 0
20 3
36 74
1 2

1975-793
1990
21.1
2.2
32.9
1.1
34.5
8.1

SFD MFD
1980- 1982
50 17
22 11
1.4 <1
<1 0
26 6
46 64
4 18
1980
202 130
23.3 3
. 2
24.8 37.3
1.5 0
53 42.1
0 8.6

SFD MFD
1981 -2
37 11
5 4
49 31
32 65
C. <.
<..
<e.
<.. <e.
C.. <..
<..
1981
200 133
24.3 4
3 9
24 .3 43.6
0 0
48.5 33.8
0 9.8

SFD

<e .

205
16
11
23

49

128

MFD

1982
120

54

35
10



Tabell 4.12
SFD+MFD

Tyskland 1970-74>
Antal (000) 2830
Olja,% 59
Gas,% 20
Fasta,% 3
EN. ,% 6
Fjarrv.,% 13

SFD MFD
Sverige 1971-75*
Antal (000) 206 251
Olja,% 37+2 31
Fasta,%
EN. ,% 53 8
Fjarrv,% 7 61
?, Annat (0] 2
USA 1972-75
Antal (000) 4132 2898
Olja,% 9 5b
Gas,% 46 34c
EN. ,% 43 60c

Huvudsakligt uppvarmningsbransle per
nya bostader (forts)

system i
SFD+MFD
1975-79*

1821
54
24
2
9
11
SFD MFD
1976-80*
196 75
10 20
8 <1
69 18
12 61
1 1
1976-79
4692 1810
9 5
38 28
50 66

SFD MFD
1980
249 114
50 30
38 56
2 0.5
7 6
1 7
SFD MFD
1980
35.5 15.9
9.4 11
7 <1
52 9
22 73
2.2 1
1980
957 545
3 2
41 30
50 66

a - Uppskattning baserad pa senare enkat.

b - Avser enbart CV,

C

NOTER:

bostader

1974-75

men

se nasta sida.

inkluderar

95%

SFD MFD
1981
220 118
50 27
37 58
3 0
8 7
1 7
SFD MFD
1981
34.0 17.6
7.3 15
12.1 0.1
54_.6 11
24 73
1.6 0.1
1981
819 447
2 2
41 32
50 66
av alla nya
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SFD MFD
1982
189 126
48 24
38 60
3 0
8 7
1.5 8.5
SFD MFD
1982
26.8 18.3
4 17
8 1
64 14
22 68
2
1982
632 374
3 2
40 28
50 68



NOTER: Uppgifter for perioden fore 1975 hamtades fran
hushalls- eller bostadsundersokningar fran perioden
1976-78 eftersom det &r mest troligt att hus byggda
1970-75 inte har bytt uppvarmningssystem eller brénsle.

Sverigel 1971-75 Aars varden togs fran Vattenfalls 1975
ars undersokning. System i nya hus 1976-79 avser
statligt beldnade hus, darefter det fullstandiga
bestandet fran SCBs byggnadsstatistik

Olja inkluderar kvarterscentraler och, vad betraffar
smahus, kombinationen olje + ved/el. Fast bransle avser
mest ved och ved + el. El inkluderar “enbart el" plus
1/3 av smdhusen som angivit "el + ved'-system. "Annat"
inkluderar varmepumpar.

Frankrike. Provisoriska data fran AFME som dock avser
endast CV, 90% - 95% av alla nya l&agenheter. "Annat"
avser avfall, ved och hus utan CV.

Tyskland. Data for 1970-74 och 1975-78 hamtades fran en
enkat utford pa Essos uppdrag (20 000 lagenheter). For

aren 1979-82 anvandes arliga byggtillstandsuppgifter om
huvudsakliga uppvarmningskallor.

Danmark. Uppgifter om Danmark 1970-74 stammer fran
BBR-77. 1975-79 fran BBR-1980, 1980-82 data fran BBR-1
Januari 1983. For flerfamiljshus anges inga uppgifter
om lagenheter utan CV som enligt BBR iInnefattar aven
elvarme. Denna uppskattades med hjalp av statistik fran
Danmarks Elvéarkers Forenings Udredningsinstitut

Kanada. Samtliga uppgifter kommer fran 1981 ars FOB
varfor nagra konverteringar fran olja for hus byggda
fore 1976 kan vara aktuellt. Oljeandelen ar alltsa
underskattad.

USA. Uppgifterna ar tagna fran Census of New Housing
(Dept of Commerce).



KANADA
DANMARK
FRANKRIKE
TYSKLAND
SVERIGE
USA

KANADA
DANMARK
FRANKRIKE
TYSKLAND
SVERIGE
USA

KANADA
DANMARK
FRANKRIKE
TYSKLAND
SVERIGE
USA

KANADA
DANMARK
FRANKRIKE
TYSKLAND
SVERIGE
USA

Tabell 4.13

1970/71 1972/73 1975/76

Levererade (Brutto) EnergifSrbrukning

1126 1244 .o
221 232 “220 237
1300 1392 1305 1437
o 1792 1875 2070
346 367 370 349
9910 10405 10475 10585
Total Primar Energiforbrukningb,
1480 o 1770 .-
262 281 302
1592 1555 1780
o * 2186 2362 2638
433 473 500 509
13675 15205
Total nettoenergiforbrukningc, klimat korrigerad,
809 .o 920 o)
161 172 . 180
o* 949 . 1089
o 1239p 1325p 1479p
251 270 280 272
7480 8015

NOTER:

Levererade (Brutto) Energi,

1138 . 1280
234 224 ~200
1459 1305

1844 1824 1815
375 361 341
10085 10635 10635

se nasta sida.

Total energiforbrukning

1977/78 1980

LG

227
1438
2093

368

11040

bostader

1981
faktisk, PJ

o 1237
198 183p
1399 1396

2016 1907
358 353p
10410 10055

194
1367
1974

334

10355

1176

183p

1343
1852

336p
10255

1982

o
173p
1380p
1852p
335p
10120

klimat korrigerad, PJ

176 p
1880
334p

10190

klimat korrigerad p;

259
1769
2568

506

15750

150
983
1409
260
7995

1830
248p

1763

2439p
515p

897
136p
948p

1319p
269p

LG

241p

2471p

535_2p

14970

PJ

136p

1334p

269p
7525

131

0.4
-2.7
-0.5

0.5
-1.1

0.2

2.1
-1.5
1.3
1.2
1.2

0.8

1.0
-2.3
0.0
0.7
0.0
0.1



NOTER

a - Genomsnittlig arlig tillvaxttakt. Aren som ingar:
fore oljeembargot (1972 for SE, DK och DE, 1971 CA,
1973 for FR och 1970 for US.

b - Fjarrvarme raknad med 765% verkningsgrad, el med
34,6% verkningsgrad i produktionsiedet.

c - 01je- och gasforbrukning omraknad till nettoenergi
med 66% verkningsgrad, fasta branslen med 55%, el och
fjarrvarme med 100%. Fo6r matlagning réknas samtliga
energiformer med 75% verkningsgrad. Fo6r nagra av de
redovisade aren dar enbart totalforbrukning hade
framréknats (men ingen struktur) kunde inte matlagning
raknas pa samma satt.

Kallor: Kanada uppskattad fran Statistics Canada och
Shell, dock med stor osakerhet om den totala
gasforbrukningen och anvandning av energi i
Fflerfamiljshus. Vedforbrukningstalen saknas.

Danmark. LBLs egna uppskattning (1970, 1972, 1977,
1980-82), som stammer bra o6verens med opublicerade
uppskattningar av P. Hoffmann, Energistyrelsen,
Koépenhamn. Talen inkluderar elfdorbrukning i jordbruks-
fastigheter for bostadsandamal

Frankrike. Samtliga siffror fran 1"Agence pour le
Matrise d"energie, utan obebodda och sekundara
bostader. Detaljer fran opublicerade berakningar av
CEREN.

Tyskland. Summan fran Arbeitsgemeinschaft Energiebilan-
zen, VDEW, Esso AG och Ruhrgas.

Sverige. Studiens egna uppskattningar. Se bilaga 1.
Avser principilla bostédder, inkl obebodda l&genheter i
Flerfamiljshus

USA. Summan berdknad hari (Meyers) pa basis av EIA data
och egna skattningar av forbrukningen av flytande och
fasta bréanslen. Se Meyers och Schipper (1984). Alter-
nativa tidsserien for USA utvecklade hari ‘‘bottom up”,
enbart for 1970, 1976, 1978 och 1980.



Tabell 4.14 Energiforbrukning i bostader
Procentuell fodrdelning av bruttoenergi

efter branslen

Olja Gas Kol/Koks Ved Fjv.
KANADA (71) 53 28 3
76) 45 32 - 1
@1) 32 37 . 2
DANMARK (72) 65 2 4 19
«an 67 2 2 .o 18
(82) 57 2 3 . 22
FRANKRIKE (73) 61 12 17 2
8) 56 18 9 3
(81) 48 22 9 3 1
TYSKLAND (70) 52 7 28 1 3
8) 58 18 7 .o 3
@82) 47 24 7 1 3
SVERIGE (70) 71 1 1 7 8
78) 57 1 6 15
@62 42 o1 11 18
USA (70) 26 52 2 4
6) 25 49 1 5
(382) 15 49 1 9 .

17

22

29

11

15

13

17

15

17

12

22

29

16

20

26

Gasol ingar i olja med undantag av Tyskland dar den
ingdr i gas. Samtliga uppgifter klimatkorrigerade med
undantag av Tyskland. Vedforbrukningen uppskattad for
Kanada. Streck (-) avser mindre an 0,5%.



Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Tabell 4.15
1970/71 1972/73

187 .o

124 124

80

84

110 111
162

246 .

147 150

92

102

137 143
212

134 .

91 92

55

58

80 82

116 e

Genomsnittlig energiférbrukning per
bostad (GJ per bostad,

1975/76 1977/78 1980 1981

Bruttoenergi per bostad

175

73

83

105

147

. B 143
118 92 85 p
77 72 70
87 81 75.5p
96.5 o1 91
133

Primlrenergl per bostad**

249 . .. 222
150 123 115.5p
87 95 93 91.5
104 110 106 99.6p
142 140 138.5 140p
203 193
Nettoenergi per bostad***
129 L 109
89 71 63 p
.o 58.5 51.5 49p
59 62 59 52p
80 75 73 72.5
107 98 ..

klimatkorrigerad)

1982

82 p

76p
90p

122

111 p

100p
145p

179

62.5p

54p
73

90

* Genomsnittlig arlig tillvaxt (AT) beréknad mellan
1972 (1971 Kanada, 1970 USA,
senaste aret for vilket data finns.

** Se fToregaende tabell.

*** Se foregaende tabell.

1973 Frankrike) och

AT

-2.6%
-4.1%
-1.7%
-1.0%
-2.1%

-2.4%

-1.0%
-3.0%
+0%
-0.2%
+0%

-1.4%

-2.0%
-3.7%
-1.4%
-0.7%
-1.2%

-2.1%



Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Tabell 4.16
GJ/bostad,
1970/71 1972/73 1975/76
Levererad energi (Brutto),
141 . 127
95 94 .o
. 63
.o 70 67
75 75.5 70
110 .o 95

Energiforbrukning for rumsuppvarmning*,

Primarenergi,

150

101

*

82

115

101

65

75

84

Netto energi,

95

68.5

52

73

68

41

46.5

53

GJ per bostad,

146

73

82.5

102

GJ per bostad,

88

45.5

51

64

GJ per bostad,

klimatkorrigerad

1977/78 1980

87 63
56.5 50
70 64
61 57

.o 79

1981

klimatkorrigerad>

96
58p
46p

57p

57_.5p

klimatkorrigerad

95 72
61.5 56
77 70.5
76.5 74
86

120

66.5p

52

64 p

75.5

klimatkorrigerad

63.5 48
38.5 34
48 43
46 43

53

68

44p
31p
39p

44p

1982

55p

57p

63p

79.3

40p

a4 _2p

* Berdknat mellan det narmaste aret fore 1973 och det
senaste aret for vilket data finns.

For Sverige,

Danmark och Kanada:

varmvatten ar borttagen efter vissa antaganden,

text

oljeforbrukning for

135

AT*



Tabell 4.17
1970/71
Kanada 117
Danmark 82.5

Frankrike -

Tyskland -
Sverige 69
USA 91

Beraknat
senast det

Rumsuppvarmning plus varmvatten per

bostad. Netto energiforbrukning,

GJ/bostad, klimatkorrigerade

1972/73 1975/76 1977/78
- 111 -
83 - 78.5
a7 - 46
52.5 52.5 56
71 69 63
- 81 -

1980

62

42

51.5

60

70

1981

90
57p
40
47p

61p

mellan det narmaste aret fore 1973 och
aret for vilket uppgifter finns.

136

1982

Rt*



Tabell 4.18

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

1970/71

28
19.5

48
22

22
14

17
18

1972/73

Levererad (Brutto-)energi

20
8.6
7.8

25

1975/76

30

9.2

24
24

Primar-eenergi

22
11
13
29

Netto-energi

15
6.2
6.0

18

1977/78

per bostad,

19.5
10
10
23

per bostad,

50

o 22.5

o ¥ 14
15 16
29 30
32 .o

per bostad,

23

. 15

LN 7.6

7.1 7.8
18 17
17

Varmvattensforbrukning per bostad

1980

GJ

19
11
11
21
23

22
15
18
29
30

14

17
17

1981

28

17 P
13p
Ilp
21p

46

16p
17p
29p

22
13 P
8.9p
8.3p
17p

137

1982

17p

20p

20p

30p

13 ?

16.6p



Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Tabell 4.19

1970/71

Levererad (Brutto) energi

NOT:

Energiforbrukning for matspisen

1972/73

Primar energi

1975/76

4.4

(10.8)

Vissa siffror,

1977/78

per bostad,

per bostad, GJ

t ex

1980

GJ

gas,

1981

10.1

6.00

7.11

energiforbrukning for matlagning vid spisen &r en
uppskattning baserad pa antagna specifika forbruknings-

tal for varje land. ar mera

definitiva p g a stort antal abonnenter som enbart

anvander gas for matlagning.

I USA och Kanada uppskat-

tas gasforbrukningen for matlagning och varmvatten
fran sommarforbrukningen

138

1982

5.93



Tabell 4.20 EIf6rbrukning
1970/71 1972/73 1975/76 1977/78 1980 1981 1982
El forbrukning fOr elapparater* kWh
Kanada 3590 .o 4140 . o* 4420 .
Denmark 1780 2010 . 2440 2220 2165 2150
Frankrike 1115 1470 1540 1540
Tyskland*>* .o 955 1125 1225 1195 1260
Sverige 2200 2360 2400 2670 2780 2800 2840
USA*** 4400 e 4840 .o 5130 s
Totala elforbrukning per bostad, kWh, klimatkorrigerade

Kanada 8660 10850 11640 .
Denmark 2335 2675 . 3560 3610 3550 3475
Frankrike 1700 2880 3010 3210
Tyskland 2570 3035 3460 3465 3520 3575
Sverige 3600 4200 3940 5800 6110 6470 7070
USA 7200 - 8290 e 8815 8900 8880

* Exkl uppvarmning, varmvatten, matspisen men inkl en

del varmvatten i tvatt- och diskmaskiner.

** FOr 1980 och 1981 exkl ungefar 100 kWh varmvatten i
diskmaskiner som var inraknade i tidigare ar.

*** Exkl

luftkonditionering.

139
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Tabell 4.21 Index for elapparater

1970 1972 1973 1975 1977 1978 1979 1980 1981
Danmark 38 39 41 45 47 48 49 49
Kanada 53 60 .o .o 64
Frankrike o) 33 37 41 .o 44 45
Tyskland 37 41 42 47 51 .. 54 54
Holland 38 41 45 50 52 .o
Norge 46 531 55 - 67
Sverige 37 45 47 55 56 607
USA 51 53 58

Med Index avses den genomsnittliga matningsgraden for
fem stora apparater (dividerat med 5); kyl, frys
(och/eller kombi), tvattmaskin, diskmaskin, el-
torktumlare eller torkskap. For Frankrike saknades data
om tork, men vi tror att innehavet &ar mycket litet.

Kallor: Danmark: DEFU, Stat. Arsbok, Gallup. Kanada:
Stat. Canada Arliga rapporter. Frankrike: Agence pour
la Matrise d"Energie, INSEE. Tyskland: VDEW, HEA och
LBL Research Memo (Scott 1983). Holland: KEMA, Philips.
Sverige: LBL Rapporter (se bilaga 1). Norge: Stat. '
Sentral Byra, Oslo (FOB, '"Boforhold undersikkelser"
osv), och Gruppen for Resursstudier. USA: 1970 data
fran FOB, andra ar fran Meyers och Schipper (1984). For
USA, méatnadsgraden for gas-torktumlare var 13% 1981,
for Kanada 4%.

1) Avser 1976.

140

1982

50

56



Tabell 4.22

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

Kanada
Danmark
Frankrike
Tyskland
Sverige

USA

*

ar

1970/71

20.7

21.9

13.0

28.1

Indikatorer for energiforbrukning

1972/73

21.8

16.7

14.7

13.2

1975/76

19.2

14.4

12.7

24.6

1977/78

20.3

15.7

15.2

11.5

1980

15.4

13.9

13.6

10.7

20.4

Uppvarmning (netto) per grad-dag per kv.

211

284

160

216

232

199

159

Arlig tillvaxt,

i tabellen.

Se

194

.o

192

189

242

204

199

134

179

176

177

122

157

1981

Uppvarmning (netto) per grad-dag per bostad, MJ

14.8

14_1p
12.7p
12.3p

11.0p

meter, kJ.
148
164p
161p
160p

124p

141

1982 &T>
-3.4

12.8p -5.3
-3.4

-2.0

11.0p -1.8
. -3.2

. -3.6
149p -5.4
-4.6

-2.4

122p -2.6
-3.2

beraknad mellan 1970-73 och senaste
tabell 4.13.



Tabell 4.23

Energiforbrukning,
MJ/graddag

1970 1972/3 1975-77 1978
Damnark(70/2/5/7/80-82)
-SFD olja 41 40 35.4 38.8
-MFD olja 24 . 17 -
-MFD olja 15 12 10
Kanada(78/80-1)
-SFD (olja) . 34.2
Frankrike** (73/5/8/80-1)
-SFD (olja) 54 42 42
-SFD (olja) 40 35 34
-SFD (olja). 18 17 15
-MFD (olja, 1 huset) 29 22 24
-MFD (gas 1 huset.) 25 22 22
-MFD (gas 1 lag.) 20 18 17
-MFD (el) 10 9 8
Tyskland(70/2/5/8/80-2)
-SFD (olja) 51 49 42 41.3
-MFD (olja) 38 .o
Sverige(70/2/5/8/80-2)
-SFD (olja) 31 32 29 27
-SFD (el) 14 .. 12
-SFD (fjv) o - 20
-MFD (olja) - . 12
-MFD (fjv) . . 8.5
USA (70/8/80/1)
-Samtliga (gas) 41 . 34
-SFD (gas) “45 o 39
-SFD olja*** ““565 46.1

NOT:

* Samtliga lagenheter med CV.
avser Tlerfamiljshuslagenheter.

** Energiforbrukning i

Frankrike anvands

Berorda ar anges

inom parentes.

bade i egen anlaggning (i

i centrala anlédggningar (i hus).

*** EOr USA.,
ar inkluderad hari

3,1 och 3,4 MJ/GD

(ung 50 GJ/1&g 1970,

darefter.

SFD avser smahus.

Indikatorer for rumsuppvarmning*
enstaka branslen,

Fjv = fjarrvarme.

Fflermamil jshuslagenheter i

1980 1981
28 22.0
13

9.3 -
32.7  32.7
37 37.2
31 31.8
15 15.4
20 21
20 20.9
16 16.4

8 .
31.6  29.9
22
24 24
11 oy
18
11

7.9

“32 .

“36
39.0 35.1

MFD
lag) eller

ungefar 1/4 av smahusen med oljebaserad CV
anvande samma system for varmvatten, vars forbrukning
40 GJ/1&g andra

aren). Denna forbrukning utgér 4 MJ/GD 1970

och mellan

142

1982

20p

30.2

23



EIforbrukning for apparater,

(1000 enheter lokala valuta,

EIforbrukning for apparater,

Tabell 4.24
1970/71

Kanada 6.1
Danmark 5.0
Frankrike o
Tyskland
Sverige 6.75
USA 5.7
Kanada 370
Danmark 43
Frankrike .
Tyskland o
Sverige 72
USA 430
Kanada 81.3
Danmark 60.6
Frankrike .
Tyskland .
Sverige 72
USA 93.5

* Avser den totala befolkningen,

Indikatorer fo6r energiforbrukning

Varmvatten (netto) per capita,

1972/73
5.6
2.0
2.1
7.31

51
28
43
81

71.8
27.4
29.2
81

1975/76

7.2

2.8
7.7
5.8

360

51
7

440

79.1
ot
34.7
77
95.6

1977/78

6.0
2.7
3.1
7.4

55
38
53
85

77.5
37.2
36.1
85

1980

5.8
2.9
3.4
7.5
6.1

kWh/enhet disponibel

56
37
54
86
450

kWh/SEK disponibel

78.9
36.2
36.7
88

97.8

GJ*

1970 8rs penningvarde)

1981 1982
7.3
5.5
3.2
3.3 5.0
7.42 7.37
inkomst**
400
49p
36
54
90 93p
inkomst**
87.9
70
35.3
36.7
90 93

vilket betyder att

Okningen beror mycket pa oOkad tillgang till varmvatten

*%

lagenheten.

For radande vaxelkurs,

se tabell 4.7.

8t
1.8
0.8
5.9
9.1
0.1
0.7

0.7
1.1
3.1
2.5
1.4

0.5

0.7
1.1
3.1
2.5
1.4
0.5



FIGURFORTECKNING - LIST OF FIGURES

Internationall jamforelse.

4.1
4.2
4.3
4.4
4.5
4.6

Electrical
Electrical
Electrical
Electrical
Electrical

Electrical

Appliances:
Appliances:
Appliances:
Appliances:
Appliances:

Appliances:

(Kapitel 4)

Dishwashers
Freezers
Clothes Dryers
Clothes Washers
Refrigerators

Cooking Ranges
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5 SLUTSATSER
5.1 Hur mycket energi har Sverige sparat?

Det finns manga satt att uppskatta besparingens sam-
manlagda effekt. Man kan bygga en modell som represen-
terar den fdrutsedda forbrukningen utan att prishdj-
ningar, inkomstférdndringar osv andrats jamfort med
dess véarden fore oljekrisen. | denna studie har vi
emellertid valt en enklare metod. Vi berdknar forst
atgangstalen for samtlig forbrukning per bostad, sedan
dessa for individuella anvandningsomrdaden och/eller
branslen. Besparingen rdknas som nedgang i atgangstalen
multiplicerat med antalet forbrukningsenheter. For att
vidareforadla talet kan man bryta ned atgangarna i
olika delposter, brénslen, bostadstyper osv, vilket vi
gbr nér detta ar mojligt. Eftersom det alltid finns en
osakerhet i uppdelningen mellan anvandningsomradena
tror vi att uppvarmning och elapparater &r de mest
sakra delposterna, forutom den totala anvandningen per
bostad.

Darigenom kan man halla ett 6ga pa strukturens forand-
ringar. Om andelen hus med CV eller bostédernas
genomsnittliga storlek har ¢kat, sa skulle ceteris
paribus energiforbrukningen 6ka. Okningen av antalet
hus med modernt varmvattensystem eller av elfdrbruk-
ningen for apparater kan dras bort fran atgangen, sa
att man kan se en samtidig besparing av uppvarmning och
okningen av el. Vi kan tyvéarr inte jamféra alla poster,
speciellt schablonberakningar eller "teoretisk for-
brukning” for varmvatten med faktisk fdrbrukning, men
vi kan anvanda informationen om strukturen och dess
forandring i var bedomning av den totala spareffekten
Om vi hade tillgang till mer detaljerade siffror om
forbrukning av energi 1 varje apparat for sig kunde vi
forst goéra en mycket detaljerad jamforelse av enbart
atgangarna, sedan beridkna effekten av den &andrade
strukturen. | denna utredning gor vi vissa noédvéndiga
forenklingar p g a databrist, dock tror vi att
tolkningen blir ungefar densamma, dwvs att det har
varit en markant sénkning av den specifika forbruk-
ningen i svenska bostader och i de flesta bostéder i de
ovriga landerna.

I smadhus har vi uppskattat totalforbrukningen av energi
till varme och varmvatten framfor allt i hushall under
1970 och i "oOverlevande'" hushall ar 1981, dws smahus
byggda fore 1971. Dessutom kan man med hjélp av
energistatistiken for smdhus se att hus byggda senare
kraver mindre energi &n de som ar byggda tidigare.
Sedan kan man konstatera att samtliga hus byggda
1971-80 forbrukade mindre energi &n hus byggda tidi-
gare, bade nar vi jamfor den senare gruppens uppskat-
tade forbrukning 1970 och deras forbrukning 1981.

Saledes kan vi for Sverige saga foljande.

= Smahus byggda fore energikrisen har minskat sin
energiforbrukning per kvadratmeter for uppvdrmning och



varmvatten med cirka 30% i snitt (netto).

= Smahus byggda under 70-talet har undan f6r undan
byggts sd att de forbrukar mindre energi. Var uppskatt-
ning visar en liten minskning (cirka 5% - 10%) jamfort
med aldre byggnationers forbrukning under 1981. Smahus
byggda fére 1970 forbrukar alltsd mer energi &n hus
byggda under 70-talet - med reservation for den
osakerhet som uppstar nar vi jamfor tva ganska olika
husgrupper som kan ha olika boendetathet och hushalls-
inkomst (se ovan). Dock tror vi att skillnaderna i
forbrukningen ar sa pass stora att de ar signifikanta.

e En liten del (cirka 10%) av minskningen av 1970 ars
bestand kan bero pa minskad boendetathet eller pa
husets utnyttjande och rivningen av aldre, samre hus.
Resten kan kallas for energibesparing genom andrat
beteende, battre skoétsel av system, utbyte av system
och forbattring av klimatskarmen.

e Informationen om flerfamiljshus &ar lite samre, men vi
har uppmétt en besparing av uppvdrmning och varmvatten
p&d ungefar 15-18%, i ett bestand som redan 1970 hade
nastan full tackning pd CV och W.

&r 1972 forbrukade en bostad i Sverige 111 GJ (L: 143
GJ P, 82 GJ N). Standardékningen tom 1982 hade med-
fort, enligt Vvar uppskattning, en energiokning med
totalt 4 GJ/bostad for uppvarmning, 2 GJ/bostad foér
varmvatten och 2 GJ/bostad for elapparater eller 8
GJ/bostad (L: 18 GJ P, 7 GJ N). Den teoretiska for-
brukningen 1982 hade varit 119 GJ/bostad (L: 161 GJ P,
89 GJ N) den faktiska 89 GJ/bostad (L: 143 P, 72 N) som
ger en besparing pa 25% (L: 11% P, 19% N).

I andra lander har alla indikatorer pa centralvarmda
lagenheter eller smahus visat nedgang. Till och med i
elvarmda hushall i USA och Kanada, som kan sidgas ha
haft mest att spara, har nedgdngen av alla poster
uppskattats. Okningen av antalet elapparater (och
kylmaskiner) svarar for en oOkning i hushallens for-
brukning. (Statistiska brister gor det svart att siga
mer om Kanada.) | Frankrike och Tyskland har stora
besparingar i centralvarmda l&genheter nastan utjamnats
av 6kningar i1 CV-penetrationen, W-system samt elappa-
rater. Enbart i Danmark har besparingseffekten varit sa
stor, pa alla poster, att vi kan "kréna" detta land som
enastdende. Dock ar det svart att konstatera om
danskarna har det bekvamt inomhus i1 dag jamfort med
tidigare ar.

En total uppskattning av inflytandet av besparingen
samt standarddkningen visas i tabell 5.1. Siffrorna éar
grova, men ger en bra indikation pa hur stor standard-
Okningen har varit jamfort med atgangsminskningen. Att
den svenska besparingen ar bland de lagsta beror pa den
héga standarden i svenska bostader 1972 samt den rela-
tivt hdéga andelen el.



Sverige har alltsa inte sparat mest, matt i nedgangen i
indikatorn for CV-varmda lagenheter eller i den totala
nedgangen, men Sverige har sparat mycket i ett gott
bestand som redan var pa en sparsam niva 1972. Men vi
tror att

besparingarna i Sverige till 75% beror pa teknik,
medan i de flesta 6vriga landerna teknik enbart
svarar for en mindre del, i storleksordningen
25%-33% av nedgdngarna. De snabba nedgangarna vi
har sett i var statistik ar beviset. Detta &ar
kanske den viktigaste slutsatsen vi drar i stu-
dien.

5.2 Varfor har Sverige sparat eller inte sparat?

Vi har sett att svenska hus alltid har haft mycket
energieffektiva klimatskarmar och uppvarmningsin-
stallationer, aven om mycket utrymme fo6r forbattringar
fortfarande finns kvar i dag. Svenska villadgares méj-
ligheter att lana extra pengar till extra isolering,
utéver de rimliga kraven fran 60-talet, var sakert en
orsak till den rimliga utvecklingen inom 60- och
70-talets byggnation fore oljekrisen. Inget annat land
som vi har studerat har haft en sadan gynnsam politik
for bostéder och energi.

Som foljd av denna utgangspunkt var emellertid
intresset for en snabb, kortsiktig besparing i Sverige
vasentligt mindre an i de andra landerna. Per graddag
vinner man mindre energi (och vid jamna priser pa
pengar) 1 Sverige an i de andra landerna vid en given
minskning av temperaturen eller vid andra mindre
atgarder. Enbart storre byggnadstekniska eller installa-
tionstekniska atgarder kan vara ekonomiskt intressanta
for svenskarna och var beddmning av responsen (ovan,
kap. 3) &ar att en ovanligt htg andel av de svenska
smahusen och flerfamiljshusen har atgardats, med hansyn
till den redan hdga standarden i svenska husi

Det ar da viktigt att komma ihdg att det svenska syste-
met - tack vare bra isolerings- och installationsstan-
dard - i dag ar det mest "isolerade™ av alla i OECD mot
prishdjningar och kortsiktiga svangningar i1 priser och
andra viktiga energiforhallanden. Hog standard redu-
cerar incitamentet att spara pa kort sikt. Att oljeat-
gangen inte sjonk drastiskt 1979-80 jamfort med alla
andra ladner ar ett starkt bevis. Att 40%-45% av
befolkningen inte direkt betalar fo6r uppvarmning redu-
cerar ytterligare svenskarnas intresse for snabba
adndringar 1 forbrukningsménstret. Att aven”el och en
del oljeforbrukare i villor ar skyddade fran stora
prissvangningar p g a kvartalsvisa inbetalningar gor
feedback mellan priset och konsumtionen svag &ven i
villor. Egentligen ar det bara vedfdorbrukningen som
jamt maste passas. | USA och Kanada daremot, sker
energiavlasningar och inbetalningar manadsvis, hodgst
varannan manad, och kollektiva uppvarmningsrakningar
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ar mycket mer sallsynta an i1 Sverige.

Detta betyder ocksa att Sverige har en enorm reserv av
energiforbrukning 1 form at dagens relativa hdga inom-
hustemperaturer som kunde sankas ifall en oljekris till
skulle intraffa. Darfor konstaterar vi att Sverige bade
har sparat mycket - medelst langsiktiga investeringar i
nya och befintliga bostédder - och inte sparat, i och
med att inomhustemperaturen och varmvattensforbruk-
ningen &r de hogsta i Europa. Hogre priser kommer att
spela en viktig roll.

Att forbrukningen har minskat mest i oljevarmda villor
i Sverige jamfort med forbrukningen i elvdrmda villor
av samma argang eller i flerfamiljshus, tyder pa att
hégre oljekostnadsstegringar har spelat den viktigaste
rollen bland incitamenten till besparing. Liknande
erfarenheter finns i1 andra lander. Denna utredning kan
tyvarr inte beddma effekten av sparprogram, men faktum
ar att besparingar har noterats med olika inverkan i
samtliga bostader i Sverige vilket tyder pa att spar-
program har haft en stor effekt i Sverige. | andra
lander svarar beteendet och mycket enkla &atgarder for
den storsta delen av den uppnadda besparingen, synbart
innan programmen kunde ha haft effekt. Dar har de
forsta besparingssteget i existerande och nya bostéader
varit mycket billigare och enklare &n 1 Sverige, dar
saddan teknik var inford for flera ar eller decennier
sedan.

Allt detta tyder pa att den energibesparing Sverige har
uppnatt kvalitativt miste beddmas som mycket bra. Med
utgangspunkt som "bast" pa uppvarmning har man &anda
sparat 15%-20% (L) under 12 ar. Att konsumenten redan
ar skyddad bade genom bra hus och betalningssystem
kanske ar ett tillréckligt forsvar for ett valutbrett
besparingsprogram som vi beddmer som ett av de mest
omfattande 1 OECD. Samre standard i1 bostaderna i andra
lander kanske gjorde korttidsbesparingar mer attraktiva
an i1 Sverige. Men allt detta betyder ocksd - som vi
redan har namnt vid flera tillfallen - att det finns
mycket kvar att spara i Sverige, bade genom tekniska
och genom beteendedtgarder. Vi ger vara observationer
har nedan.

5.3 Hur kan Sverige spara mer?

Sett fran var internationella jamforelse kan vi foresla
omraden dar vi tror att Sverige kan spara mer energi i
hushallen.

1. Uppvarmning: vi har konstaterat att den goda
varmeekonomin i Sverige beror mycket mer pa
teknik an pa beteende. Vid mycket hogre
uppvarmningskostnader - och battre debitering
eller matning av forbrukningen till dagens
priser - tror vi att nattsdnkning och andra
beteendedtgarder skulle kunna bidra till en
besparing pa kanske mellan 10% och 20 % per



lagenhet. | dag ar dessa vinster vérda mindre &n
vad konsumenten tror kostnaden ar, dwvs komfort-
uppoffringen. Forbattrade klimatskarmar och reg-
leringen av uppvérmnings— och distributionssys-
temen kommer da att oka komforten i manga lagen-
heter sa att en energisédnkning utan namnvérd
komfortsédnkning troligen kan aga rum. Konsumen-
ten utfér denna sankning endast om han/hon

tjénar in vinsten vid minskade direkta utgifter.
Vi vet att direkt matning av varmefdrbrukningen
ar svar, men vi maste papeka att dagens kon-
sument fortfarande ar mycket okanslig for energi-
prishéjningar pa kort sikt.

Varmvattensanvdndningen kan forbattras, i alla
lander. | Sverige ger nya varmvattensberedare
kopplade till franluftsvarmepumpar stora vinster
i ny och tat aldre bebyggelse. Fo6r 6vriga
byggnader maste alternativet till dagens stora
olje- och fjarrvarmebaserade system studeras for
att minska onédiga forluster. Vara uppgifter
tyder pa att individuella W-beredare 1 varje
Fflerfamiljshuslagenhet och W-beredare som é&r
oberoende av varmepannor, kan de stora bespar-
ingar, bade pa& grund av den tekniska forbattring
som uppstar och den andring i beteendet som
intraffar da konsumenten ar mer direkt ansvarig
for sitt eget varmvatten.

Det ar svart att specificera nagon forbattring
for spisar eller elapparater. Utbudet i Sverige
i dag verkar vara au courant betraffande
energisnalhet.* Fler tester och métningar samt
information till konsumenten behodvs i alla
lander for att man ska kunna utnyttja energi-
sparande egenskaper hos dessa yngre apparater.
VWW-beredare med franluft (ovan) visar en viktig
princip som kan vara mycket intressant i fram-
tiden och integrering av hushallsapparater sa
att olika funktioner kombineras och spillvarme
resp -kyla tillvaratas.

5.4 Viktiga forskningsuppdrag: hur mycket energi har
Sverige sparat?

Nar LBLs utvardering av energifoérbrukningen i OECD-
landerna paborjades fanns det mycket lite material om
energiforbrukningen i bostader och utbudet i Sverige ar
ytterst magert. Sedan dess har LBL-studien gréavt fram
mycket material av historisk karaktir, samtidigt som
svenska myndigheter drog igang och/eller forbattrade en
hel del studier som enligt var uppfattning mycket bra
belyser situationen i Svenska bostader i dag-

* Tyvarr fick vi aldrig uppgifter fran Electrolux eller
andra svenska foretag som kunde bekrafta pastaendet.



156

Det finns dock ett behov av en fortgaende utredning om
energiforbrukning och -besparing. Med utgangspunkt fran
vad vi har sett i1 samtliga studerade lander foreslar vi
foljande

1. Las av energimdtarna minst varannan manad som
tyska oljebolag har gjort under 15 ar.

2. Integrera datainsamlingen om bostader och
hushall (dvs ESH/EFH och HEA) for att
kartldgga sambanden mellan fysiska, ekonomiska
och demografiska faktorer som alltid paverkar
forbrukningen. Ett exempel &ar Frankrikes
undersdkning som goérs kontinuerligt av kon-
sultfdoretaget CEREN tillsammans med energi-,
bostads- och byggmyndigheter samt energiforetag.

3. Forbattra integreringen av de arliga forbruk-
ningsstudierna med folk- och bostadsrakning som
finns 1 Danmarks Bygnings-och Boligregister

4. Forsok mata bade varmvattensforbrukningen och en
del andra delposter i olika hushall och jamfor
dessa matvarden med varden som man kan fa ut av
studie 1.

5. Gor en Torsiktig matning/utvardering av
forbrukningen i olika smdhus byggda under de
senaste 10-15 aren for att kartlagga sambandet
mellan battre byggteknik och faktisk forbrukning
dar aven boendevanor kan studeras. Denna studie
skulle aven tillata en viss bedomning av
energisparkostnader och -resultat.

6. Gor en fullstadndig inventering av historiska och
nutida uppgifter hos olika energiverk och
forsaljare med syfte att komplettera den
historiska studien som finns i bilaga 1.

7. Jamfor energisparmal och -medel inom bostadssek-
torn och téck de lander som vi har studerat héar.
Med utgangepunkt fran den kvantitativa beskriv-
ningen av utvecklingen kan man for forsta gangen
jamfora mal med resultat och mojligen pa tips
for framtidens policy i1 Sverige.



Tabell 5.1

Energibesparing per bostad, GJ

Pre-Embargo Standard Teoretisk

Faktisk

82
70
76p
89
122

111
9%
100p
143p

193

62.5
49
54p
72
98

- 4.24.

Skillnad
GJ/dw

-53GJ
-25GJ
-21GJ
-30GJ
-48GJ

-51GJ
-27GJ
-20GJ
-18GJ
-32GJ

-33GJ
-22GJ
-15GJp
-17GJ
-25GJ

NivS okning Use, 1981/2 NivSs,1981/2
Levererad (brutto-) energi per bostad
Danmark 124 11 135
Frankrike 80 15 95
Tyskland 84 13.5 97
Sverige 111 8 119
USA 162 8 170
Primarenergi per bostad?
Danmark 147 15 162
Frankrike 92 21 113
Tyskland 102 20 122
Sverige 143 18 161
USA 212 13 225
Netto energi per bostadc
Danmark 92 7 99
Frankrike 55 12 67
Tyskland 58 11 69
Sverige 82 7 89
USA 116 7 123
Kalla: LBLs databas. Tabellerna 4.1
Jamforelsearen: fore oljekrisen,

(1973) och USA (1970).

Frankrike och USA (1981).

For att f4 de angivna, mycket grova vardena, adderas

till 1972 &ars specifika forbrukning en schablon som

Efter oljekrisen,

1972 utom Frankrike
1982 utom
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Procent

Besparing

39%
28%
23%
25%
28%

31%
15%
14%
11%
14%.

36%
21%
22%
25%
20%

motsvarar okningen i1 andelen lagenheter med CV och W,

okningen av innehavet av elapparater och 6kningen
bostadsytan per bostad. Detta

""teoretiska™

varde

jamfors med 1981-82 ars faktiska forbrukning. Skillna-

den visas som bade absolut nedgang (i
procent.

Gj/lagenhet) och
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A APPENDIX 1: RESIDENTIAL ENERGY USE IN SWEDEN 1960 - 1982

A.l1 The Residential Energy Use Data Problem

The relative importance of the residential sector in energy use patterns of
developed countries has grown dramatically from the post World War 11 period through
the post Embargo Era. While the demand for heating fuels has almost peaked, the
demand for electricity, which grew at from 8-15%/yr in most OECD countries, still
grows. Most countries have on paper plans to affect great savings of energy, how-
ever defined and measured, but few countries have even taken inventory of the exist-
ing structure of residential energy demand.

Understanding the forces that encouraged the great increases of the past in
energy use in this sector is vital to avoiding conflicts between energy policy and
consumer/homeowner interests, interests that are rooted in the increases in living
standards since World War 1l, and that are at least partially reflected in increased
energy use. Understanding these forces and the economic and technical factors that
influenced them is also important in order to assess the remaining growth in the
spread of energy intensive amenities, such as central space and water heating or
appliances. Should the growth in these amenities, or structural growth, be near its
end, we can expect dramatic reductions in energy use as more efficient technologies
and less energy intensive behavior replace older. In general structural growth is
identified with income growth, but the increase in certain amenities, like central
heating, may reach a saturation level, even as incomes continue to increase. Simi-
larly, incomes may fall during recessions without a similar recession in the struc-
ture of energy use, although people may use less. Thus it is important to analyze
many factors that cause energy use to change.

A careful analysis is necessary to determine how much energy has been saved in
the aggregate because of various conservation strategies, and how much more energy
has been used because of structural growth. It is believed that the present study
reveals a large number of factors that can be studied to determine the course of
residential energy use in the period from 1970 to 1982, and therefore the changes
caused by energy conservation. In France and W. Germany, for example, the

This Appendix was written by Lee Schipper with assistance from Lars
Goran Carlsson, Statens Energiverk, over several years. The work was
supported by the Swedish Council for Building Research, the US Dept, of
Energy, Energy Information Administration, Office of Applied Analysis
and Buildings Energy Research Division, and the German Marshall Fund,
and Energiforskningsndmnd. We also acknowledge the hospitality of VVS
Tekniska FOreningen. Lars-Goran Carlson, VVS Tekniska Foreningen, and
Statens Energiverk, has also substantially to this paper.
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Appendix 1

penetration of central heating increased by 50% during the 1970s, profoundly affect-
ing the aggregate use of energy in the residential sector and hiding a great amount
of conservation.l It is this kind of information that we will bring to light for

Sweden.

A.1.1 Existing Data: Sweden and Elsewhere

In the course of gathering data for a project comparing household energy use in
seven countries (Ref. 1), data from Sweden appeared intriguing. Though all indica-
tions were that space heating in Sweden was far more efficient than in the other
countries examined, detailed data on the structure and intensity of various aspects
of residential energy use were lacking. Unfortunately, energy use data from the UN,
Common Market, OECD/IEA (Int"l Energy Agency) show that the household sector has
been aggregated with commercial buildings and enterprises (“lokaler” in Swedish,
"Kleinverbrauch”™ in German,''commerze e administrazione publice™ in ltalian, etc)into
the "other sector”('Secteur tertiare”in French, "o6vriga Sektorn™ in Swedish, etc).
But the residential share of this sector has changed markedly, as Figure 1 (derived
herein) shows. Moreover, these balances record deliveries in the case of solid and
liquid fuels, not actual consumption. Only energy balances from France, the US, and
the UK tended to show these two distinct kinds of use (homes, commercial buildings)
separately, and only the French balance was based on bottom—up surveys. Reasons why
these sectors tend to be lumped together as a residual included the difficulty of
separating deliveries of oil or gas among apartments and commercial buildings, the
lack of knowledge of the nature of customers for solid or liquid fuels, and, in our
assessment, a general lack of interest or resources on the part of most governments
as the the nature of the end uses of energy. By contrast most countries and interna-
tional organizations have well established institutes that produce energy balances,
greatly detailed charts and diagrams indicating the nature and quantity of each kind
of fuel supplied, but almost nothing about the nature of the consumption itself.

Because Sweden has the longest heating season of the countries named above, and
the greatest per capita dependence on heating oil* we expected that a great body of
data on the overall use of heat and other energy end-uses in Sweden would have
existed long before the embargo. A very intensive review of the literature2 and
inspection of other reviews3 however, revealed that few details of energy use in the

residential sector before 1980 have been assembled, analyzed, and published.

* Sweden had one of the lowest uses of gas and coal/coke fuels in the
residential sector among European countries through 1960°s and early
1970"s.
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We therefore decided to investigate the possibility of reconstructing Swedish
energy use from available, though obscure, data sources. During visits to Sweden in
1978-1982 virtually every organization dealing with energy was contacted and ques-
tioned about residential energy use. Some of the preliminary findings have been
made available.4 Similar studies have been prepared for Denmark5 the US and
France.” In the present study, we attempt to account for major energy flows and uses
in the residential sector in Sweden. We then give some indicators of the changes in
residential energy use in Sweden over the past decades. We then suggest possible

sources for the missing information.

A.2 Importance of Historical Analysis of Factors Influencing Residential Energy Use

Above we gave some general reasons why understanding of historical developments
in energy use might be desirable. In the case of Sweden, the intense activities on
the part of state and private organizations encouraging conservation the granting
of billions of kronor in subsidies or loans, a greatly increased RD & D program
have made this understanding however elusive essential to the continuation of con-
servation investments in the 1980s. In late 1980 the Energihushallnings Delegation
(EHD) presented its evaluation of the effectiveness of these investments. An ear-
lier report9 suggested that the economic effectiveness of many investments made was
questionable. The EHD sponsored studies showed that energy conservation investments
with public support were well carried out and tended to yield actual savings close
to predicted, with some exceptions.10 The program was sufficient to stimulate con-
siderable investment in retrofit measures. This was also the conclusion of an
independent study funded by the German Marshal Fund in 1983.

What was not determined was whether the public programs were themselves neces-
sary. It was difficult to determine how much energy had been saved in homes that
had not accepted state grants, and why such savings had been achieveed. There was
no "official” data base with which to compare achievements in homes accepting state
aid with those not doing so. The Ffirst systematic surveys of residential energy
use—limited to heating and hot water aggregated—took place in 1977. Thus it was
difficult for authorities to determine how much energy was being conserved, where,
and why. Moreover, the definition of 'energy conservation”, both as a public”policy
goal and as an operation or technical procedure, was not treated explicitly.

Recent surveys, however, allow authorities to draw many more conclusions about
energy use in Sweden. Important surveys from the Central Bureau of Statistics
(SOB), which we call ESH and EFH hereinl4 allow following of developments of the
last five years. Cursory analysis of the 1981 Survey reveals that roughly twice as
many homes undertook conservation investments without state support as with, and
that fully one third took no measures. For comparison with earlier years, however,
one must rely on the incomplete information. Yet these pieces of data, that
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represent consumption of energy in the residential sector, are the only information
that might reveal what has happened to residential energy use.

The information and evaluation problem was aggravated by the controversy over
nuclear energy in Sweden.15 The need for/value of future electricity production from
nuclear power depends critically on the future growth in electricity demand. The
growth in demand was propelled in the 1970s by continued high growth rates for
residential electric heating, as prices remained low by international standards.
Through 1978 the real price of electric heating rose little. Thus sustained growth
in this area through 1978 was not be surprising. After 1978 oil prices rose again,
even more people switched to electricity and mixed-fuel systems. Similarly appli-
ance ownership and use continued to increase. Thus one might expect substantial
increases in electricity use in the residential sector. But if these uses were to
responsive to higher prices and new technical developments, then one might expect a
different development as electricity prices began to rise. Then experts (and
Sweden®s voters*) could forecast with much more certainty the future demand for
electric power in the residential sector. This is only possible if the patterns of
electricity use were well understood, as demonstrated by the thorough CDL forecast
of late 1981.15 Thus Sweden has pressing needs for understanding the structure and

evolution of residential energy use.

A.3 RESIDENTIAL ENERGY CONSUMPTION

The residential sector contains all full-time regular housing units, excludes
summer (or second) homes and a few kinds of special housing units (such as those in
institutions), but includes where known housing units that happen to lie in non-
residential buildings. The services, or end-uses, include space heat (and cooling,
although this is not important in Sweden), hot-water, cooking, and electric appli-
ances including lighting, motors, small cooking machines, washers and dryers, refri-
gerators, electronics, etc. Engineering factors determine the relationship between
service performed and energy consumed. Use of energy services in Sweden is clearly
greater than the minimum amount required for health and hygiene, so the concept of
economic demand is important, as are the economic tradeoffs among different techno-
logies that satisfy that demand.

While a full economic analysis of the uses of energy in homes is not possible
hereinl® we can review briefly the dominant factors that influence the economic
demand for energy, a demand that is made up of the demand for energy services and
the conversion of energy into services by capital equipment. Space Heating can be

* who decided in March 1980, that the use of nuclear power should con-
tinue for some decades, albeit at a lower level of dependence than pre-
viously foreseen
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described by the following factors:

Heat use - (temp diff) * (heated area/dwelling) * (dwelling/capita)

* (k-value) * (eqpt efficiency)-1

* population (Eq. 1)

where temp diff is the average of the hourly difference between indoor and outdoor
temperatures, k-value is the thermal transmissivity of the building (suitable aver-
aged over surfaces, adjusted for air leakage), and egpt efficiency is the ratio of
energy consumed to heat produced at the space heaters in rooms. Factors on first
line tend to increase with increased income, while population is only loosely cou-
pled to income. The overall k-value of the house depends somewhat on its size and
shape (i.e., surface-to-volume ratio). The temperature difference and heated area
can vary quickly with short term price changes, while the factors on the second line
vary with changes in the house and its equipment as well as maintenance, changes
that take longer to put into place. These factors tend to be improved (i.e., lower)
with higher income, as the data from Sweden show. Whether they improve fast enough
to offset changes infactors in the first line depends on many factors. In the case
of Sweden, it appears that useful energy use per sq. meter of heated space did not
increase, and may have decreased slowly, during the 1960 - 1973 period, but heated
area and dwellings/capita increased significantly, so total heating energy
increased. Central heating penetration (CH), a kind of measure of the fraction of
the house that is heated (where 1 = central heat used during the entire heating sea-
son in every room), increased from a low value in the 1960s to 70% by 1981 in
France, England, and Germany. In Sweden CH was already over 90% in 1970, and its
climb was spread over several decades (with wood the principal fuel), Denmark, the
US, and Canada, have been intermediate.

The second important use of energy is hot water, which tends to depend on the
number of people in the household, the desired temperature, the occupancy of the
house, its equipment (washers), and the kind of system, central or decentralized:

HW = (people/dwelling) * (liters of hot water/day/capita)
* (temperature increase of hot water * specific heat)
* (conversion efficiency of devices)-1 (Eq- 2)

Again, these factors are not absolutely determined, but depend on energy prices,
incomes, technology, and lifestyle factors such as the occupancy of the house, the
age of any children, the occupation of workers, etc. Note that the temperature
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difference depends in part on the task being performed.

Cooking, for which energy consumed today is only a minor part of the total,
depends on the similar factors, where the mix of foods prepared replaces desired
temperature and the quantities prepared (or number of meals) replaces the quantity
of water. While the use of energy for cooking is relatively small today, it is the
dominant energy use in low—income developing countries1R and dominated energy use
in the home until the 20th century.

By contrast, energy use for appliances appeared very recently and grew most
rapidly in modern societies. Appliance energy use — virtually electricity in
Sweden, with some gas in other countries, depends on the occupancy of the house,
the kinds of appliance, their capacities and technical efficiencies, and finally
family size. In virtually every country increasing income led to more and larger
appliances, and appliance energy use, as estimated by use, increased without interr-
uption (save perhaps for a brief decrease in 1974) until late 1970s, when higher
prices and depressed incomes may have caused some decrease in the US, Denmark, and
Germany. However, the stocks of appliances still increased noticeable through the
mid 1970s, and so did appliance electricity use, because the overall increase in
equipment outweighted the improvements in newly acquired equipment, relative to
existing. Moreover, most existing major appliances — refrigerators, washers —
have only limited scope for modification, while new models may have radically lower
energy use, as evidence from the US, W. Germany, and Swedish manufacturers suggests.

These considerations suggest that use of heat, Tfirst of all, and use of hot
water, to a lesser degree, can be changed considerably in the short run, while cook-
ing energy use is less likely to change, and appliance energy use (exclusive of hot

water) shows only a small potential for change in the short run. In the medium
term, 10-15 years, virtually all the equipment in a home could be changed, while in
the long run (30 — 50 years) the home might be replaced. These considerations must

be borne in mind when comparing changes in energy use, i.e., achieveements in con-
servation, across countries, with respect to prices, incomes, and other factors that
may influence energy use. With these considerations in mind, we turn to the study
of Swedish energy use.

A.4 STUDY METHOD

Our method of reconstructing residential energy use employs many approaches.
These have been used before in an earlier analysis of residential energy use in Cal-
ifornia™ and more recently in a similar project covering the Fed. Rep. of Ger-

many .20 Basically we identify with each energy use a structural factor, such as

number of homes, or area heated per home (or per capita), or even income per capita.
We also identify the corresponding energy intensity, such as energy/home, heat
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energy/home-area/degree-day. To do so requires examining a wealth of data on hous-
ing and equipment, as well as energy sector data. The latter proved more difficult
than the former.

First we examined deliveries of energy that are recorded by suppliers in the
residential sector, or, lacking that disaggregation, the "other sector” ('Ovriga
sektorn™, residential and commercial) or the "building heat” sector (“fastighets
uppvarmning™). In some cases both deliveries (sales) and number of customers are
available. Often a fuel is used for a single purpose (gas for cooking) or sold on a
tariff structure that allows differentiation of end uses (gas, electricity). In the
case of oil, certain rules of thumb, which may or may not be accurate, allow divi-
sion of consumption per household into space heating and hot water, to Ffirst approx-
imation, but official delivery data do not really distinguish between classes of
customers, nor do they measure the effects of changes of stocks. In some cases the
estimate of unit consumption, times the number of consumers, can be compared with
total deliveries. Or we use available estimates of numbers of equipment, or custo-
mers, where available, and multiply these by estimates of specific energy use, to
arrive at totals where they are otherwise unknown. While there is a danger of cir-
cular reasoning, it is often possible to find independant estimates of each of these
quantities.

A more preferable procedure, the 'bottom up method"™, is to estimate unit con-
sumption for a particular purpose with a particular fuel. Once fuel consumption
intensities are known, they can be multiplied by the number of consuming units or
devices of a given kind to built up total end-use. In some cases fuel consumption
totals can only be built up from knowledge of specific use (like oil/dwelling/degree
day) and structure (number of oil heated dwellings, degree days). In other cases
(gas and electricity) there are fairly accurate data on sales by customer type.

In classifying energy use (Schipper 1979b)21 we examine space heating, water

heating, cooking, and electric-specific appliances. Each end is was divided by fuel
type. For space heating and water heating energy Iintensities were estimated
separately for single-family dwellings (including farms) and multifamily dwellings.
Space heating was further broken down by central and non-central heat.

The division by fuel is extremely important, and bears heavily on Swedish con-
servation policy. In most policy statements reference is made to total energy con-
sumption, without regard to the different kinds of losses in conversion from primary
energy to secondary energy to useful energy. Switching from oil to district or
electric heating leads to greater ‘'efficiency'”, because accounting procedures in
Sweden count oil losses in domestic boilers but not energy losses in the production
or distribution of the other fuels. By separating end uses by fuel where possible
we avoid comparing energy uses across years with different fuel mixes, comparing
instead like uses with like fuels.
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Furthermore we separate appliance functions that cannot be easily provided by
fuels (“electric specific') from those that can. The principal difficulties with
this classification lie in evaluating the use of portable electric heaters, and the
consumption of electricity in washing appliances for hot water production. This
classification, however, allows us to compare electricity use for appliances in
countries with and without the widespread use of gas for cooking and hot-water use.

A.4.1 Structural and Demographic Factors

In this study attention is paid to a variety of factors that influence household
energy use. Many of these are omitted from econometric studies of energy use in the
sector, yet it is widely recognized that such factors may be as important to deter-
mining energy use as incomes and energy prices, in the long run. Among the most
important are housing stock vintage, dwelling type and area, and people per dwel-
ling; distribution of dwelling types and heating systems by climate zone; demo-
graphic variables such as family structure, participation in the work force, and
number of people home during the day. Most of these parameters have been studied
recently in Sweden in a variety of studies; many were included in the earliest stu-
dies of heating and appliances we encountered.

Not all of these variables are studied directly herein, but they all influence
energy use. Heating needs during the day, for example, depend on the use of the
home during those hours. With parents employed and children in schools or day-care
centers, now the rule in Sweden, heating needs may be reduced. On the other hand,
smaller families allow not only a greater floor-area per capita, one measure of
housing standard, but tend to increase the ratio of total home surface to number of
people, or even to the total population. This means that there are greater heat
losses per capita associated with smaller families, even if their dwellings are
smaller. Such factors may be trivial, yet they tend to cause changes in energy use
of the same order of magnitude as those we expect over a period of one or two years
because of conservation.

The breakdown by dwelling and system types is important. Because the relative
numbers of dwellings of a given size heated by each of these three principal sources
has changed radically since 1960, it is impossible to separate changes in energy use
due to accounting (ie, relatively more SFD or MFD) from those due to better heating
equipment or tighter building shells unless energy use in apartments is counted
separate from that in single-family dwellings. The division of SFD into farm and
non-farm dwellings is useful, but less crucial. Fortunately, Swedish studies and
forecasts almost always separate dwellings by building type.
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The evolution of electric heating from supplementary heating in homes with wood
or coke stoves, to truly central heating in homes built for electric heating, is a
good example of a difficult problem. During the development period (1965-1975) the
number of older, small homes converted to electricity was greater than the number of
newer, larger homes built for electricity. Yet the consumption of electricity for
heating 1in the new all-electric homes, as indicated in national statistics,
decreased steadily with each year®s new production of homes. Aggregate consumption
in all these homes rose until the early 1970s, then showed almost no change. Even
in 1980 one-third of the homes using electricity for principal heating source also
used wood. Thus failure to account for mixed systems or the evolution from partial
house heating to central heat could obscure vast changes in both heating habits as
well as in efficiency. Yet it is precisely these changes that spell the success of
the government conservation program, the effect of higher electricity prices, or the
impact of newer building technologies.

A.4.2 Climate Dependence

Temperature dependence of Swedish data is critical. In general, (cf. Eq. 1)
space heating needs are proportional to the difference between indoor and outdoor
temperatures, integrated over the entire heating season, measured in degree-days or
(preferably) degree-hours. Since the average outdoor temperature varies from year
to year, the demand for space heating will also change, other things being equal.
Yet it is important to be able to compare uses in different years cleaned for the
short-term variations in climate.

The most common measure of climate severity 1is degree-days, defined as the
integral of the difference between the daily average temperature (if that average
falls below a base or threshold) and a base or reference temperature over the entire
heating season or year. The official number of degree days is published by the
overstyrelsen for Ekonomiska Foérsvar (OEF) and by the Swedish Heating Society
(WS), based on a reference temperature of 17C. Days in which the outdoor average
temperature does not drop below a certain threshold (between 12C and 15C in various
fall and spring months) are not counted. These details, as well as the average
number of heating days for each station, are given by OEF/VVS. The ™average"
chosen in this study to reflect all of Sweden, is actually for the city of Orebro
(K. Munther, priv. comm.). Of course, the regional variations from year to year may
be of different relative size in different regions in any one year.
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A.4.2.1 Distribution of Dwellings

We give the official number of degree days in Table 1 for ten smaller climatic
regions (from OEF), and estimates for the four large regions, marked with *. We
also show DD to base 18C, the base used herein. These were approximated by increas-
ing the official totals by 1 degree x (number of heating days given by VVS/OEF),
ignoring possible changes in the length of the heating season. This introduces a
small error which we ignore. We also show the values using 21C as a base. These
are close to values calculated by Munther using actual degree-hours.

To make accurate averages for large regions, we must examine the distribution of
dwellings or dwelling area by fuel used. As a first approximation population in the
regions can be used to get regional figures, which can then be weighted by dwelling
types and fuels to get national totals. In Table 1 we actually calculated the
area—weighted degree-day totals to base 18C from the survey of SIB 1977. Note that
most categories lie near the average, 4010DD"g, except that apartments with district
heat are considerably warmer, and SFD with solid fuels colder, than the averages for
each group.* Moreover, MFD are found in regions slightly warmer than SFD. If the
heat-island effect of central cities was counted, this difference would probably be
greater. The results in Table 1 are not too different from those presented in EFH

A.4.2.2 Yearly Variations in Climate

Comparison of changes in heating, particularlyy changes caused by higher energy
prices or conservation investments, has been particularlyy important in Sweden for
evaluation of conservation programs. This necessitates comparing energy use between
years of different climate severity is important. Usually one estimates the frac-
tion of a particular fuel use that is used for space heating and multiplies this use
for a given year by a correction factor based upon the ratio of degree-days in a
normal year (in Sweden the 1931-60 average) to those in the year in question.

In warm climates use of monthly or even daily average temperatures leads to an
underestimate of heating needs, because warm days can cancel the contribution of
cold nights so that the average temperature does not reflect the nighttime heating
needs. In cold climates, heating needs in poorly insulated homes tend to follow
closely the variations in climates. In very well-insulated homes, much or even most
of the heating needs for the house come from heat from appliances, people, and even
the sun. This is often called "free heat”. Actual energy released by radiators or
other heating systems may be less then the contribution from the non-heating

* In the United States and France, there are even greater differences in
the degree-day distributions of homes heated with different fuels.
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appliances, whose use tends to be much less sensitive to outdoor climate. The hous-
ing stock in 1980 is so much more tight than it was in 1960. Moreover, families
have far more appliances and other sources of free heat than they did in 1980. On
the other, heating habits in Sweden have changed since 1960 because an increasing
number of second parents work, while young children are sent to day-care centers.
The heating system is used fewer hours than in the early 1960s, although this change
may only be marginal, because of the limited effect of thermostat setbacks in Swed-
ish homes. Finally, cities are warmer than they were 20 years ago because of the
increased density of energy use. Such heat islands have Tfewer degree-days than
their suburban counterparts. The effects on our calculations are twofold; city
centers have become warmer over 20 years, but this affects primarily apartments,
particularly those with district heating, because single-family dwellings tend to be
away from the city centers. All this makes adjustments of heating needs in Sweden
over time difficult, because the contribution of free heat to total heating needs is

large and has changed over time. Moreover, the weighted average number of degree-
days, which will in general be different for each fuel or dwelling type, can migrate
over time, as Meyers (Ref. 8) has shown for the USA. Indeed, the entire US

population-weighted average has decreased over 20 years as people move southward.

We cannot model all of these considerations explicitly, but we recognize that
their contribution to changes in heating demands might be of the same order of mag-
nitude as the change in heating use over several years. Nevertheless we must select
some simplified system for taking into account yearly and geographical variations in
climate. Since the Swedish climate is characterized by a very long heating season,
the approximation of degree days by the difference between a reference indoor tem-
perature and monthly average temperature times days in the month is appropriate. We
submit, however, that the detailed distribution over time and region should be exam-
ined more carefully.

Because of the presence of free heat, however, the yearly adjustment for climate
swings is not simple. This is because the recorded consumption of heat in a Swedish
home comprises typically only 55-80% of the total heating need, depending on the
tightness of the house. The rest comes from solar gain, occupants, hot water, and
appliances. To simplify this important relationship, a base temperature of 17 or
18° C is taken in the above calculations, though the real indoor temperature in
Sweden lies above 20°C.~ Since the heating system only supplies part of the climate

dependent heating to the house, a 10% increase in the severity of the climate
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requires more than a similar increase in energy released at the heating system.*
Thus there is no unambiguous way of correcting yearly variations in consumption for
variations in climate.

The Board of Industry (SIND) multiplies the consumption of heat and hot water
(plus half of appliance electricity consumption) by a yearly correction factor,
indexing the actual number of degree days to 100, for a normal year.

Corrected Consumption x [ I+ (actualdeg. days-100)/200] = ActualConsumption

The SIND formula considers only half of the climate variation, but multiplies that
by a quantity that is greater than the energy used in the heating system.

Other corrections have been used. We note that in a survey of apartments owned
by HSB climate corrections ranging from 0-100% of the variation in yearly degree-
days were applied. (SCB, unpublished memo dated A/BF 1980/04/16) In this analysis
the fraction 0.67 of the climate variation was found most appropriate, taking into
account the lower internal load and solar gain in apartments, on a unit area basis.
Hammarsten®s method finds a greater variation from year to year. The importance
of this correction cannot be overstated; if we want to follow the progress in con-
servation we must be able to judge consumption patterns in differing years. If the
initial and final years have greatly differing climate severity (for example, 1972
or 1973, warm years, vs. 1980 or 1981, cold years), the climate correction may
reduce the difference in consumption by a large amount compared with the actual
difference.

Differences in heating habits, indoor temperature, and wind or other climate
factors geographically and over time are also important. These should be included
in any climate-related study. Certainly the differences in heating use per nominal
degree day between Northern Sweden and Southern Sweden, where heat/deg.day is much
higher, can be explained in part by wind and by heating habits (Anderlind et. al.

* Munther and OK add a certain number of degree days to actual to ac-
count for hot water preparation; we prefer to estimate hot water energy
use and subtract this. But as Munther points out, the temperature
dependence of heating depends on the deviation in the weather from a
normal year factored into the entire heat needs of the house, not just
those measured as "heat". Munther observes that for single family dwel-
lings the free heat from occupants and the sun about balances the energy
consumed for non-heating purposes that is not captured by the building
shell. Therefore a useful approximation to the true temperature depen-
dence of single-family dwellings lies in multiplying the entire climate
factor by the total energy consumed in the house (heating fuel plus ap-
pliance electricity). All of the extra heat needed in a colder than
normal year comes from the nominal heat source, and all of the savings
in a warm year accrue to this source.
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Finally, the absolute size of the heating bill in homes paying directly for heat
should have an impact on consumption, the so-called income effect. In extremely
cold periods consumption tends not to follow climate, while in very warm periods
people pay less attention to conservation factors. Homes with very good insulation
should be expected to be heated to somewhat higher temperatures, since insulation
reduces the cost of heating. These economic factors suggest that a simple engineer-
ing correction is not quite correct on theoretical grounds. The quantitative role

of these Tfactors, however, remains uncertain. Since this study relies solely on
archived data or surveys it is not possible to measure them all. Therefore, we use
the adopted engineering correction, inviting readers to use other methods where
appropriate.

In all, the uncertainties introduced herein are probably small. The correction

herein is large than that applied by SIND/STEV, since only half of the variation in
climate index is used by them. However, the difference only amounts to about 5% of
total consumption in the coldest (or warmest years). Since the changes over 10
years are much larger, we deem these differences unimportant.

A.4.3 Heating Systems

The definition of heating systems is very important to the study, particularly
for comparability with other countries. In this study central heating (CH) means

A heating system consisting of a central heat source and an air- or water-
borne heat distribution system leading to almost every room,

or

a heating system using permanently-mounted electric baseboard heaters in a
majority of the rooms of the house.

While very tight houses may be heated fully by one or more small point heaters, we
do not consider point heaters (small stoves, portable electric heaters, room
heaters) as central systems. Similarly, there appear be several thousand homes
heated by electric heaters in only a few rooms. These may be counted as "electric
heat™ 1in utility data yet non-central heat in the census. We show these as non-
central systems. We believe that our comparisons of central heating among countries
are reliable, except that some countries do not define electric resistance or
storage heating as central, and such systems are not used to heat the house fully in
these countries.
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We assume that all unoccupied MFD are heated, since it is virtually impossible
to keep individual apartments colder than the rest of the building. Even the small
number of unoccupied SFD are heated somewhat.

Sold fuels are often ignored in policy discussions, where "other" refers to all
heating with any fuel.”® Central systems using wood and coke were once common in
Sweden, although coke has nearly disappeared. However, wood-fired boilers have
reappeared, and the use of wood as a principal fuel in multi-fuel boilers has
increased dramatically. Unfortunately wood is not counted in the "official”™ energy
statistics, but the patterns and quantities of use are covered by Energistatistiken
for Smahus. Indeed, boilers that can use more than one fuel (oil and wood) are
increasingly common. Roughly 80% of the boilers in single family dwellings could
have used wood in 1977; about 33% did by 1982. Additionally electricity can be used
in many fuel boilers. Thus it is no surprise that the use of second and third
back-up fuels has become very common in single family dwellings. This means that
there is a difference between "principal heating system” and '"heating system(s)
used"; the word "fuel™ may also be used in these expressions.

We believe that most of the questions asked in sources on heating fuels and sys-
tems in the 1960-1975 period lead to unambiguous interpretation of the fuels and
systems used. The overlap with secondary use of electricity or wood, common all
through the study period, was small between 1970 and 1977, and can be estimated from
surveys from that period. In the SIB 77 data (kindly analyzed at our request by S.
Hammarsten, SIB), for example, less than 4% of the SFD using either electricity or
oil as the main heating fuel in 1976 also used wood or electricity as a second fuel,
although fully 23% of those using wood as a main fuel also used electricity.

These small fractions increased rapidly, however, as the price of oil increased
and as taxes on the use of one"s one wood were removed. In calculations for 1978,
onward, we try to take into account quantities of fuel consumed in one- and multi-
fuel systems as well.

A.4.4 Fuels

To discuss energy and homes, we must discuss the fuels (including electricity) that
are delivered to this sector, the structure of the sector, the equipment that con-
verts these energy forms into useful services, and the kinds of services themselves.
Fuels as discussed herein include electricity, oil products including kerosene,
wood, coal, coke, and related products, city (manufactured) gas, and district heat-
ing, consisting of hot water delivered to buildings from large systems, usually
publically owned, that typically supply many different and unrelated properties with
hot water, and may or may not co-produce electricity as well.
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There are also some minor uses of diesel fuel and LPG for heating and cooking
that we have ignored. Additionally, there is confusion between coal/coke and wood,
since all can be used in similar equipment. Finally, it is difficult to define the
difference between a "heat central" (kvartercentral) , which we take to mean a cen-
tral heat plant for a group of related dwellings, and district heating. Because
most of the heating systems used in Sweden employ water as the distribution medium,
it is found that a large number of families living in apartments — and even some
building administrators — may not actually know what kind of fuel was used to
prepare the hot water. We believe, however, that the distribution of heating sys-
tems by fuel types, as given herein, are accurate enough for estimating residential
energy use and its changes, and for showing the boundaries among oil, solid fuels,
electricity, and district heating. As will be shown, coal/coke systems have lost
importance continually, and city gas never gained more than a small share of the
market.

A.4.5 Efficiency

In discussions of energy use it is common to discuss the efficiency of energy
conversion (from fuel to heat or service), particularly when different sources are
compared. In this study all energy use is measured at the building boundary, so-
called delivered energy, excluding conversion and distribution losses outside of the
building. However, some of the secondary losses in district heating systems between
local or private substations and buildings are inevitably counted in the sales to
residential customers, even if the losses take place outside of the building.
Delivered energy, or "end-use", (sw. leverade) is the quantity that the user sees
and usually pays for. Delivered energy includes all the calorific quantity of each
kind of energy

Primary energy (sw. priméara), which includes energy lost in conversion and
transmission of district heat and electricity, is also calculated. This is because
primary energy represents more accurately the total burden on society from energy
conversion. In some representations primary energy is calculated for each year by
adding up the total consumption of fuels and hydro-power in the entire electric sys-
tem; the ratio of primary to end-use energy thus varies. In this study we have
standardized and simplified our calculations, so that electricity is counted at
1/0.346 = 2.89 times its end-use value, a figure representative of the entire OECD,
while district heating is counted at 1/0.75 = 1.33 times its end-use value. This is
because we are primarily concerned with changes in energy use affected by the consu-
mer, not by the energy supply system itself. Of course, a national accounting of
all energy uses takes all changes into account.
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The difficulty in using either of these two measures is that each tends to skew
the relationship between fuels burnt in the dwelling and electricity or district
heating. A third measure, "useful"” or '"net" energy (sw. netto), is helpful when
aggregating these energy forms. In useful energy we attempt to adjust consumption
for losses in combustion and distribution of heat and hot water in buildings.
Unfortunately, these losses have never been measured in a statistically representa-
tive way for the entire dwelling stock; they are only engineering estimated reflect-
ing small numbers of measurements. However, the uncertainties are probably small
compared to the gross differences that arise between the counting of delivered fuels
and electricity or district heat only as either primary energy or as secondary

energy.

While a discussion of efficiency of conversion is outside of the scope of this
work, we list some typical conversion efficiencies:

Electric Heating: Direct 100%; water boiler 85-90%; air boiler 70-90%.
Hot-Water: Geyser (gennomstrémnings apparat) 100%; boiler 80%.
COUNTED AT 100% EFFICIENCY HEREIN

Oil,gas SFD: Space heating 65% (>75% in new)
boiler Water heating ~50% (25% in the summer)
MFD: Space heating 75-85%
(higher in centrals, but greater transmission losses)
Water heating: 60-75% (50% In the summer)
COUNTED AT 66% EFFICIENCY HEREIN

Wood/Coke SFD: Space, water heating 55%
Boiler MFD:
COUNTED AT 55% EFFICIENCY HEREIN

Solid/kero, SFD: Space heating 45-65%

gas stoves MFD
KERO AND GAS COUNTED AT 66%, SOLIDS AT 55%

DH SFD: Space, water heating 80% including local losses
MFD: Space, water heating >90% including local losses
COUNTED AT 100% EFFICIENCY HEREIN

(note: in some discussions we have used somwhat lower efficiencies for cooking, 33%
for fuels, 50% for electricity)

What is not included in these estimates are the circulation losses in hot-water sys-
tems in large apartment buildings, akin to idling losses in autos. Hot water
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produced in main boilers in the summer is actually considerably less efficient.
Solid fuel boilers are counted with 55% efficiency, while all stoves are counted
with 55% efficiency, although there efficiency in heating rooms depends on their
construction and venting. District heating 1is given 100% efficiency, ignoring
losses within the building as in the case of other hydronic systems. For simpli-
city, electricity is counted at 100% efficiency herein for heating and hot-water.
As the number of hydronic systems with electric boilers increases this approximation
will become less suitable. However, in all cases we have ignored the heat losses
from hot-water storage tanks. For cooking, 50% efficiency is assumed for gas and
wood, 75% for electricity. Using these assumed efficiencies, useful energy can be
calculated from delivered energy.

A.4.6 Behavior

Behavior is an important determinant of energy use, both through choice of
equipment and through its use. Lundstrom™® and Gaunt'S have shown that behavioral
factors — Tfamily size and age structure, hot water using habits, household occu-
pancy — are important determinants of energy use, and virtually all economists
would agree that these determinants are in turn influenced by prices and incomes.
Behavior is both a determinant and an outcome of the energy-use picture of a house-
hold.

When the delivery efficiency of a given system is folded into the price of the
fuel, the marginal cost of using that system is determined. This cost tends to be
the most important factor in determining short term behavior of occupants. Long-
term behavior is influenced by family size, bathing and cooking traditions, heating
habits, educational level and ability to modify energy systems to lower costs, and
of course prices and incomes. Thus there is no a priori amount of consumption that
is "correct” or normal across different families, fuels, and dwellings. It is
theoretically incorrect, therefore, to use uniform engineering estimates of energy
use, corrected by engineering efficiencies, to arrive at consumption from some esti-
mate of 'needs", because 'needs" depend on economic criteria, such as costs and
incomes, and costs depend on efficiency.
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A.5 DATA SOURCES

Before 1977 there were no regular assessments of energy consumption patterns in
the residential sector (“bostéder'™) and the commercial sector (“lokaler™) in
Sweden.* We were forced therefore to look for original data from a variety of
sources. Our surveys and interviews in Sweden revealed several distinct sources for
residential energy use, some of which proved to be very interdependent. Some data
represented “rules of thumb", not measurements. In many cases, however, we found
that crucial raw data were and are still available that describe the development of
residential energy use. Moreover, there are many experts in Sweden still active
whose technical experience can be drawn upon to allocate known flows of energy car-
riers to the various end uses. Thus we concluded initially that the data base for
an overview of residential energy use in Sweden could be re-assembled.

These data include the distribution of energy-using systems among dwelling
types, estimates of unit energy consumption or total consumption, and other charac-
teristics of the dwelling stock and equipment. They give clues about the consump-
tion of fuels when specific consumption is known; at the same time they point to the
use of more than one fuel or heating system in certain kinds of homes. The kinds of
heating systems—by fuel type, by dwelling type, and by quality (i.e., central or
non-central) have changed over time. This information is vital to understanding the
changes in consumption that have taken place over the past two decades. These data
are not found in energy balances, and must be gathered from a variety of sources and
authorities. We discuss first the official government sources, then others.

A.5.1 Official Statistics.

"Official" statistics are of two kinds, those produced by central and local govern-
ment bodies, and those produced by energy authorities and certain trade associa-
tions, which are recognized nationally. They may or may not be published, and may
or may not be confidential. There are also many important "inofficial” data, such
as sales records of other energy companies.

A.5.1.1 Government Energy Statistics

Sweden, like many countries, has always kept energy balances. OEF collected
data on the deliveries of oil products, with strong memories of Sweden®s dependence
on England and Germany during World War 2 and the oil import problem that arose
after the Suez Crisis of 1956. Oil use in the "other sector” was classified under

* This situation likened those in most other countries. Only in France
was end-use broken down by fuel and purpose, through surveys.
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"Fastighets Uppvarmning'”, heating of property [buildings], and data for this use
are presented regularly by Svensk Esso®"s yearly fact sheets ( "OljeSret i Siffror
1964- ). The "Kollagringsmagasinet” recorded data on sales of solid fuels by type
(coal, coke, briquettes) to residential customers, although the data were kept con-
fidential for many years. The Statistiska Central Byrin (SCB) records deliveries of
fuels by type with some regard to customer type; through 1974 residential deliveries
of oil, solid, and gaseous fuels are mixed with those to other buildings, but even
after 1975, when separate categories Tfor single- and multi-family dwellings
appeared, there remained a significant and fluctuating "other deliveries” column in
these reports. Additionally, deliveries of liquid and solid fuels are clouded by
the variation in stocks. Thus it is difficult to determine actual consumption, just
as it is difficult to decide to whom products were delivered.

Network fuels, like gas, district heat, and electricity, cannot be stored, so

sales should represent consumption. District heating production, and its flow to
the buildings sector was noted, as was the use of fuels to produce the heat (and
associated electricity) in official reports. Electricity sales were recorded by

larger economic sector, and, as of 1960, consumption in homes (farm and non-farm)
was always noted separately in the Central Bureau of Statistics publications. From
the mid 1960s residential consumption was further disaggregated by whether or not
the subscriber had electric heating, the number of subscribers was noted, and col-
lective or high voltage deliveries were noted separately as well. Finally, a
separate row in the data appeared after 1964 for sales of electricity to "building
administration”, (“'Fastighets Forvaltning™), which encompassed principally the uses
of electricity in apartments in corridors, washrooms, garages, and other collective
spaces. We considered 25% of this consumption as ‘residential™, and so add it to
our estimates. Gas sales to residential customers with and without heating were
recorded after 1976.

Unfortunately, readers should be warned that neither the true nature off
“residential subscriber” nor the size of the "subscriber” are really well deter-
mined. District heating subscriptions are by building, not by apartment. While
collective deliveries of gas and electricity to apartments are so noted, the build-
ings may include commercial activities, just as deliveries to commercial buildings
may heat and light true principal residences. We believe that the uncertainties
that arise over the definition of the number and kind of subscribers are less than
5% for single-family dwellings (except for the overlap in electricity subscrip-
tions), but as great as 10% for apartments. However, we believe that the overall
uncertainty in total energy consumption that insues is less than 5%; the greater
uncertainties lies in the difficulty in allocating energy use among user types.
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A.5.1.2 National Board of Industry

Recent Important studies have appeared in connection with the energy forecasts
from the Energibureau of Statens Industriverk (SIND), now Statens Energiverk.30 31

32 33 SIND/STEV has taken the lead in analyzing the pieces of official data that are
found in energy delivery data, housing data, income data, and so forth. These
estimated total amounts of each energy source consumed in the residential sector,
and some breakdown between apartments and single-family dwellings, for the years
1970-1977, using a few practical assumptions. Electricity and District Heating are
shown separately, while solid fuels are Jlumped with oil and gas when energy
use/dwelling is discussed. These figures, always based only on official statistics,
were probably the best estimates of residential energy use available until new sur-
veys that began in the late 1970s provided more accurate information.

More recently, estimates of wood consumption have also been included in the SIND
work. An internal memo written in 19783" discusses aspects of wood use, giving
estimates back to 1970. A more recent publication (SIND 1979) revised the 1975 con-
sumption Figures and included 1977 consumption figures, divided by heat/hot water,
other electric, and including data on shares of heating by fuel. SIND"s 1980 fore-
cast contains much improved historical data on both the entire "other " sector
(1965, 70, 73, 77-9) as well as on the residential sector alone for the last few
years. Separate studies on wood use and city gas give a few details of the role
these fuels have played in recent times in the residential sector. Recently Lars-
Goran Carlsson33 has studied the use of multiple fuels for space heating and
estimated wood use. As a result of Carlsson®s work, the total quantity of each
energy source can be estimated, and more accurately allocated by end use. While
SIND/STEV data are not "official" in the sense of being primary information, they
are the most often cited by the government

A.5.1.3 Direct Surveys of Households

The weakness of data sources reviewed heretofore is that they do not measure
consumption in households. Since 1975, however, the Central Bureau of Statistics
(SCB) has revised and upgraded national official energy data. A preliminary survey
covered heating systems and responses to the energy problem was undertaken in the
year 1975.3® SCB then initiated four massive surveys of building and household
energy use each year, now covering around 7,000 SFDJ' and a large number of apart-
ment buildings,OQ non-residential buildings,OQ and several thousand households as
well.~° These surveys are documented with information about error intervals, non-
respondents, and comparisons with other surveys, as well as with surveys from previ-
ous years.
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These surveys can be assembled to show residential energy use. ESH contains
consumption of oil, wood, and electricity (for homes heated with these sources) and
dwelling size, as well as "heated area" for non-farm dwellings, and all these quan-
tities save electricity consumption for farm dwellings. EFH contains heated areas
(with and without parking and commercial space in residential buildings) and the
intensity of heating for DH, oil, purchased heat, and some electricity. EFH for
1982 gives numbers of dwellings, as well, allowing computation of average size by
vintage, and by fuel. EL contains similar information for non-residential build-
ings, including the proportion of residences contained therein. ESH measures
houses, EFH buildings, and EL buildings.

The HEA survey is somewhat different, measuring responses of households. Heat-
ing system information is classified differently, and the answers are somewhat dif-
ferent than those from ESH for SFD. HEA provides data on stocks of appliances that
match well with utility surveys. HEA also contains information on quarterly oil and
electricity use, including electricity use in homes not using electricity for the
principal heating fuel. Since Swedish utilities read meters yearly, HEA provides
the best seasonal consumption data. However, the oil-use figures per SFD are con-
siderably lower in HEA than in ESH, and the total number of households in the HEA
population is considerably less than the number indicated by the 1980 Census. We
have not been able to resolve these important differences, which were greater in the
surveys of 1980/81 than in 1978/9.

A.5.2 Data from Energy Companies

An important source of data is that from energy companies. These data fall into
two classes, those few data published in yearbooks or other statistical summaries,
and those collected but never published. Some key studies were commissioned Ffrom
opinion institutes like Svenska Institut fo6r Opinionsundersokningar (SIFO) or AB
Testhuset. We review some of these sources here.

A.5.2.1 Oil and Heating Structure

Though Swedish oil companies do not as a rule publish studies, many of them have
studied the heating market carefully. Svenska Esso publishes data yearly on
deliveries of oil to buildings, gasoline, and so forth. Olja Konsumenterna (OK) has
assembled a long series of data covering oil heated single family dwellings from
1972 in all climate regions. These dsa come from their automatic delivery regis-
ter, and include only customers with a record of regular usage, and so tend to
exclude those with sporadic or major use of secondary fuels. Comparison with the
1978 ESH findings”™ shows that the OK sample 1is representative of oil-heated

single-family dwellings (including duplexes), and therefore may be used to construct



179

nationwide averages for oil heated dwellings during those years. Only in 1981 did
the effects of secondary heating fuels appear to distort the OK data.

Unfortunately, the OK archives contained no information from before 1972. How-
ever, K. Xstedt, at Esso, became interested in our work, and after a thorough
inspection of Esso archives and his own notes, he discovered not only estimates of
heating oil consumption but old surveys of heating systems carried out for Esso by
the Sv. Fei jermasternas Riksforbund, the Sw. Association of Chiminey Sweeps, cover-
ing 1957, 1962, 1965, and 1968. These studies were never really completed. How-
ever, Sstedt pieced together information from them and from an early government
report, EK-67,” t0 correct EK-67 for an important error in the numbers of dwel-

lings. Thus Xstedt reconstructed the oil market for SFD from 1962 to the late

1970s. Svenska Shell (private communication) provided some summary data on oil-
heated dwellings as well. Two utility surveys (see below) completed the picture in
the 1960s.

However, a clear picture of the situation in the 1970s did not appear until
Svenska Shell and BP arranged for the release of the yearly surveys by SIFO taken
for various subscribers in the oil industry. These unpublished surveys, both
""Bostadernas Uppvarmnings Forhallenden” (through 1971) and "Oljeindex"™ (which
formed part of SIFOs regular consumer investigations after 1970) covered the entire
1970s with a sample of 1000-1500 homes drawn from the population of single-family
dwellings.* SIFO asked respondents about oil consumption. While the data may only
be indicative of average oil consumption, the SIFO responses covering fuels and
heating systems must be considered as the most accurate and consistent for the
period. The SIFO surveys tend to agree with others from overlapping years. More-
over, careful examination of surveys from later years reveals the increasing number
of households using two or even three fuels. Furthermore, the overlap of electric
resistance heating with other systems is also discernable. The 1981 SIFO results
match well ESHS81. Unfortunately, the use of district heat, and local heat centrals
was lost in a category called '"circulating water, someone else takes care of the
system'”, so there was some uncertainty as to how to divide these two groups. For
MFD this confusion is certainly understandable. Nevertheless we conclude that the
heating market for single-family dwellings is well documented from 1960.

*They were obtained after securing special permission from SIFO and the
oil companies that sponsored them. We acknowledge the cooperation of
Karin Larsson Toll of SIFO, Svenska Shell and Svenska BP for helping
find the material, and of Energiforskningsnamnden, who provided support
for the author to analyze these surveys.
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A.5.2.2 Gas

Unfortunately, there exist virtually no data on the use of gas before 1976 in
official publications. One recent study of the gas industry (SIND 1976) did review
1975 data. After repeated inquiries the Svenska Gasfdreningen (Sw. Gas Associa-
tion) Kkindly sent out a questionaire to all member gasworks (Stockholm, Goteborg,
Malmd, Norrkoping, Helsingborg, Eskilstuna) detailing our request for data on
equipment and consumption over the years. To our surprise information was forthcom-
ing immediately from three of the above-named municipal companies. The other three
sent data after lengthy discussions about the nature of our project. Taken together
the responding companies for account for more than 95% of all city gas customers and
consumption. This consumption in the early 1960°s represented an appreciable frac-
tion of all residential energy use, particularlyy fuels.

Most gasworks could classify their customers by type: cooking only, cooking plus
hot water, heating, central heating or some combination of these. Similarly, con-
sumption in different kinds of classes was known in a few cases, particularlyy for
Stockholm and Malmdé. The figures we provide probably reflect the best reconstruc-
tion possible, although there is some suggestion that we have overestimated the use
of gas for apartment heating; responses in surveys tend to overlook gas, suggesting
that its role was very small. Information as received through 1981 is contained in
a supplementary file that can be made available to interested researchers.

A.5.2.3 Solid Fuels (including Wood)

Data on solid fuels are sparse. Our initial estimates of consumption were based
on estimated numbers of wood and coke-based heating EK-67. More recently, however,
we obtained very detailed time-series data on residential use of coal and coke, from
the "kollagringsmagasinet”™. While the category 'residential™ is somewhat uncertain,
we believe that it is useful for estimating total consumption of different kinds of
coal and coke fuels. Our bottom-up estimate of consumption for 1963—1965, based on
unit consumption data found in EK-67, came very close to the data on deliveries con-
tained in the delivery time series.

Information on wood, on the other hand, 1is even more scarce. This is unfor-
tunate, since as late as 1960 nearly 2/3 of all SFD reported some kind of wood-based
primary or secondary heating to SIFO. Wood was counted in EK-67, but wood use in
the "other sector" as estimated by OEF counted only purchased wood, which was only
a small part of the total.*

* This can be seen by comparing the bottom-up estimate of wood use from
EK-67 (Tables 27 - 29, for example), with that reported by OEF and
given in EK-67 on page 99.
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A variety of informal estimates on residential wood deliveries --- here defined
as wood removed from forests — have been made by SIND based on studies of forests
and some surveys.” More recently wood consumption has been detailed in ESH, where
respondents give consumption by intervals (i.e., 1-5 m , etc.). Certainly these
volume estimates are subject to subjective and systematic errors, as is the conver-
sion to calorific units (4.5 GM/mo loose fill). However, a very exhaustive study of
wood use in Norway” measured wood piles and found good agreement with quantities
given by respondents. Both the Norwegian as well as Swedish figures measured bottom
up tend to agree with estimates of removal of wood from forests; in both cases these
figures are roughly 3—4x larger than quantities reported as "sold".

Should wood use be counted? We think so, in spite of inaccuracies in measuring
the quantities consumed and the heat produced. First, the number of homes with wood
as the principal or only boiler fuel is increasing sharply. Equally important, the
drop in wood use through 1975 was a consequence of the rise of oil and electricity.
Finally, the use of wood as a secondary fuel explains perhaps 20% of the total
change in oil use in single-family dwellings, and accounts for some of the irregu-
larities in the use of electricity. Without wood, use of these fuels would higher,
or people in Sweden would be somewhat colder, as our study of Denmark (with far less
wood) suggests. Thus wood represents an important part of the overall consumer
response to higher oil prices and other concerns about energy use. But wood use is
concentrated to rural areas, and often goes unnoticed by government or academic
experts living in large metropolitan centers!

A.5.2.4 Electricity

The annual Electricity and District Heating reports of SCB < have become more

detailed through the years; consumption in homes with and without electric heating,
on farms or non-farms, in SFD or MFD (with or without individual metering of apart-
ments) and in other categories, are now given. The definition of customer type,
including that called "electric heating", varies from utility to utility. There are
certainly homes with electricity as the principal or only source of heat that are
not listed so, and vice versa, and probably some homes that have been converted to
vacation homes with electric heating as homes that have been converted to vacation
homes with electric heating as well. With some minor corrections, however, we con-
sidered these series authoritative for obtaining total electricity consumption.

In addition to the official yearly reports on electricity sales we encountered a
series of surveys carried out by Centrala Driftledningen (CDL, Central Board of
Management), Vattenfall (VAT, Sw. State Power Board), and Forening for Electrici-
tetens Rationella Anvandning, (FERA, or the Association for Rational Electricity
Use). These covered estimates of appliance ownership and heating structure at two
to five year intervals between 1960 and 1979. The presence of electric hot water
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heaters and portable electric heaters was also noted in most of the surveys. Some
estimates of annual energy use were also available. Information from these surveys
has always been referred to in other reports, but the detailed surveys themselves
were never published in their entirety. Sources at CDL, SIND, and Vattenfall pro-
vided the detailed original cross-tabs of surveys.

The electric power industry has also taken careful note of the changes in heat-
ing systems. R. Askerlund of Vattenfall, the State Power Board, found much older
material from their own surveys of electricity use that illustrated further the
breakdown of heating systems by type in 1964 and 1969, (the "FERA"™ surveys) as well
as from 1971, 73, 75 and 79, the "VAT" surveys. The last three years were analyzed
by Carlsson”™ while Gunnar Larsson at Vattenfall made a partial analysis of the 1971
survey. Gradin analyzed the 1964 and 1969 (FERA64 and FERA69) surveys in detail.
Eventually all the original material was made available to the authors.

The Vattenfall surveys take careful note of the use of electricity in combina-
tion with other fuels/systems, and most of the original tapes/cards remain. The
1964 FERA survey covered hot-water and cooking systems in detail, and prepared cross
tabs of these uses against heating system. Even non-central heating systems were
broken out by fuel and type. The details of heating system and hot water were res-
tricted in the later surveys. Appliance ownership was recorded with great detail,
however, and all but the 1969 survey asked about the presence of electric hot-water
heating. Some of the studies (1969, 1971) collected data on actual consumption, but
attempts to relate consumption to other variables (income, location, equipment,
house size) were not very successful.

A_.5.2.5 District Heating

The Swedish Association of District Heating Producers (Svenska
varmeverksforeningen, VVF) has kept careful data on the production of heat and
electricity from each of its member companies since the 1950"s. Fortunately we were
given a complete set of WF yearly reports covering each heating year (July-June)
from 1959. In more recent years WF data include breakdown by large customers and
single family dwellings, 1in earlier years only the total sale of heat. Distinction
among commercial buildings and residential customers is not made, but estimated.
Average price paid by residential customers is also available. Unfortunately there
is no actual register of the numbers of apartments that use district heat, only the
numbers of buildings that subscribe. Therefore the Tfigures presented should be
taken as approximate.

Since 1974 SCB has collected and improved this information.”® Moreover, a

variety of other surveys covering heating systems can be used as a check; careful
manipulation of EFH 1980 showed that the number of apartments with district heat
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according to EoF checked with that given in EFH, if the average size of apartments
with DH is taken to be about 10£ larger than those with oil, as indicated by the
number of rooms/dwelling in the 1980 census.

It should be noted, however, that there are problems in the definition of dis-
trict heating, which is customarily defined to include public and semi public sys-
tems covering many blocks (or entire cities) with combined generation of electricity
and heat a usual Tfeature. Moreover, many surveyed households cannot distinguish
between DH and block centrals, since they do not really see the source of the heat
in their radiators. Even among the SFD that have district heat there is confusion
with block centrals. Moreover, some DH is certainly sold by non-members.

From the VVF point of view, the number of subscribers is always known, but not
the number of dwellings in each building or at each subscription. They estimated
the number of dwellings for us from the pre-1974 period using a rule of thumb.
Unfortunately, many apartment buildings have as much space devoted to commercial
activities as to dwellings, which confuses the WS estimates.

A.5.3 Government Commissions

Since the late 1950s government commission reports (“'Statens Officiela Utred-
ningar”, SOU) have appeared that covered various energy issues. Each covered
residential energy use in increasing detail, though only the earliest study tried to
use original surveys to break down heating consumption in great detail. The most
important of these are

Sveriges EnerglfSrsorjnlng 1975-1985, prepared by the Dept, of Finance,
1967; (called EK-67 herein)

Energlprognosutredningen: Energi 1985:2000, prepared by the Dept, of Indus-
try, 1974 (SOU74.64,5, called EPU)

Energiberedskapsutredningen, 1975. Energberedskap f5r kristid. (SOU 1975:
60,61, called EBU).

Energikommissions Beténkandet, prepared by the Dept.of Industry, 1978 (SOU
1978:17) The section "Energibeparing i Bebyggelse', summarizes many existing
studies of the residential sector.

Konsekvensutredningen, prepared by Dept, of Industry, 1980 (SOU 1980:X) Con-
tains an analysis of electric heating.

Energihushallnings Delegations Betankanden. Report of the Energy Conserva-
tion Delegation. Prepared by the Dept, of Housing, October 1980. (EHD)
Elanvandningkommitteen, 1980. El-och 0l1ja (ELAK). Prepared by the Dept,
of Industry, 1980.
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Each of these contains some original data and many references to published and
unpublished data. The earliest study, EK67, was based on a detailed study (FERA 64)
not repeated in connection with a subsequent commission. In some commissions, it is
difficult to follow the methods of analysis, retrace or recover all of the inherent
assumptions, and, as pointed out above, to separate different sources and end uses
from each other. In SOU 1978:17, for example, elaborate tables appear in the appen-
dices for the residential chapter giving heating and hot water by single and multi-
ple family dwellings, but not a breakdown of the number of units having each min
source. It is thus impossible to reconstruct the assumptions on fuel use per dwel-
ling by fuel without guessing at shares. At the same time this document contains a
very frank passage in the beginning acknowledging these difficulties.

A.5.4 Published Surveys and Studies

An important set of investigations have been carried out by the Swedish Insti-
tute for Building Research (SIB) in Gawvle _These investigations studied energy
related properties of buildings, consumption characteristics, and the results of
energy conservation investments. The structure of heating systems, fuels, and some
characteristics of hot water systems were determined for the year 1977, with some
information covering fuel consumption available for earlier years. These studies
are notable for their development of methods of evaluating the statistical accuracy
of consumption studies, and methods for selecting buildings for study. Furthermore,
they included actual inspection of buildings, estimations of the thermal properties
of components, size, and other important characteristics of heating systems that
mail or telephone surveys cannot cover. Hammarsten made all his original data
available to us and performed some key analyses at our request.

The results of this work at SIB have played a key role in the evaluation of
energy conservation stimulated by public loans and grants.-'®

Other research sponsored by Byggforskningsrgdet (Council for Building Research)
includes many attempts to trace energy flows in major communities around Sweden,
mostly by using existing delivery statistics. In most cases source types for heating
are mixed and no metering or surveying is used to break down use further, save for
some surveying of the ownership and use of appliances. These studies are difficult
to use for generalization to the country as a whole and contain little historical
material.

There have been some attempts to measure consumption in particularly tracts or
groups of homes,51 or to measure the results of retrofit studies or tests of new

equipment (Anderlind et. al.). They have proven to be very useful.



185

A.5.5 Utilities

Many electric utilities have kept observations of groups of electrically heated
(or district-heated) homes over the years. We have examined many time series pro-
vided by Malmbés Energiverk, as well as time series provided by various utilities
for a report on electrically heated homes. A report by Andersson and Fjallstrom
also details long time series of consumption in a group of single family dwellings.
Thus there are many sources of data on single-family dwellings using electricity or
oil.

A.5.6 Apartment Cooperatives

The largest apartment cooperatives (HSB, Riksbyggen, and SABO [Sveriges
Almannyttiga Bostads Organization] ) who together administer around half of all the
apartments in Sweden, maintain records of energy consumption over many decades. It
is possible to obtain yearly consumption of oil or district heat over a long period
for buildings in various parts of Sweden. We examined records for an entire stock
(Riksbyggen), a large number of buildings in Kristinehamn (HSB), and the records of
single buildings in various parts of Sweden. None of these firms administered many
buildings that used other than oil or district heating; this may reflect their size
and ability to raise capital to modernize heating plants, in contrast to smaller
buildings privately owned or buildings owned by municipalities. Their records
represent a valuable source of information that could be used to piece together
apartment energy use; data from energy industry sources tends to be more applicable
to single-family dwellings alone.

A sample of these buildings, chosen for size, location, and vintage, could be
made up to represent all apartments in Sweden, then we could this sample to work
consumption in apartments back to 1960. Bengt Hammargren of Riksbyggen (priv.
comm.) notes that his firms® buildings have become steadily less energy intensive,
suggesting that averages for every few years must be taken, rather than an average
figure per apartment or sq. meter being used for the entire period 1960-75.

New data from HSB make it possible to follow several thousand apartments in the
same buildings since the late 1960s. Additionally, HSB and Riksbyggen administer
enough row-houses to allow study of energy consumption in these types of dwellings.
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A.6 SYNTHESIS OF HISTORICAL DATA

To synthesize historical data on residential energy use, the following pro-
cedures are used. First, the evolution of the dwelling stock by type and size is
charted. Vintage data, while not used herein, are available all throughout the
study period. We estimate the size of dwellings in this part of the work. Then the
stock is broken down by heating system and fuel, and other equipment where known.

Next, energy usage is estimated. For oil, total consumption is derived bottom-
up Ffrom stocks and unit consumption. For electricity and district heating, unit
consumption is derived from stocks and total consumption (top-down), with some
exceptions. For gas, consumption is estimated on the basis of the partial informa-
tion supplied by the gas works. For coal and coke, unit consumption estimates from
EK-67 and consumption totals from Kollagringsmagisinet for all years are combined
with stock data to show consumption patterns. For wood use, estimates from EK-67
are combined with information on structure to reconstruct consumption through 1977,
by which time more detailed surveys are available. In this way a picture of the
evolution of structure and intensity of use is developed.

These figures are then broken down by function. Hot water is split from heating
by assumption, based on the data in EK-67, EBU, and a variety of other studies.
Electricity consumption in homes with and without heating/hot water are compared to
estimate each of these components. Hot-water and cooking electricity consumption
are broken out after estimation from various documents. Electric appliances are
presented as a residual electricity consumption. Once structure and intensity has
been established for each use, fuel, and year, an energy-use matrix for that year
can be established. In this matrix the total consumption of each fuel, uncorrected
for climate, is shown, with as much detail to structure as possible given in the
table. The matrix reveals all of the ingredients of each year®s consumption that
have been measured, derived, or assumed by this or other studies. These matrices
are then summarized through the use of indicators, which show the four main energy
uses aggregated over fuels. Indicators can be Tfollowed over time to study the
aggregate behavior the number of consuming units, and the unit consumption are
shown, with of the population.

The overview does not break down different classes of consumer by income or cli-
mate, nor do we separate consumption by house vintage, family size, or age. Such
breakdowns are possible with the data we have seen, and are discussed or shown in
ESH and HEA.
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A.6.1 Housing Data 1960-70
In earlier work we reported data on the housing stock and its evolution (1960-

1979) in a variety of OECD countries, including Sweden.5" This study included prin-

cipal residences only, excluding summer homes and part-time residences. From the
Swedish censes (FOB) numbers of dwellings and number of occupied dwellings were
derived; mid-year averages are interpolated by this study for years through 1972,
and by SIND for succeeding years. These figures, suitably updated, are used herein.

Where known the number of households or occupied dwellings is noted, although

most dwellings in Sweden are heated whether or not occupied. Single-family dwel-
lings (SFD) include farmhouses, detached, semi-detached or row houses, double
houses, and chained houses. Multi-family dwellings (MFD) include apartments and

dwellings in buildings with mixed purposes. Excluded are institutional households,
student homes, and other living arrangements, housing about 2% of the population
that are rarely captured in energy consumption data anyway. People per dwelling by
two housing types is given in the census; disposable income from SCB is divided by
the total population (a slight error, since we excluded non-households from our
count of dwellings) or total numbers of dwellings to get income indexes.

Other things being equal, heating demand depends nearly linearly on floor area.
Floor area in this study is defined as inner living area, or "bostads (lagenhets)
yta” (ly) in Swedish. This 1is net area, measured inside. Gross area is called
"v8ningsyta"(vy) . We found data from 1970 and 1975 based upon property taxes that
gave for that year the average size of dwellings (ly) by period of construction.55
From this data and rough knowledge of the size of all removals from the stock, based
upon knowing the number of rooms per removed dwelling we reconstructed backwards in
time the likely evolution of the size of dwellings by type. We arrived at a figure
of 91 m2/dwelling for single family dwellings in 1960. This compares with a value
of 89 sq meters/dwelling, obtained if the known figure of rooms per dwelling in 1960

is multiplied by the average size per room, which has been roughly constant at 20 +-
1 sg. meters over the past two decades.56 By 1970 size had grown to about 105-110

m2, by 1980 125 m2.

All these Tfigures refer to dwelling area. This differs from heated area,
“"uppvarmd yta", and excludes heated common areas in apartments, like stairwells,
and excludes garages and cellars in single-family dwellings. Actual heated areas
according to more recent studies (ESH and EFH) are about 20-25% larger in SFD, and
10 - 12% Hlarger in MFD, where garages, collective spaces, and some offices are
counted. Both ESH and EFH measure both net and heated area, facilitating comparison
with earlier studies or data from other countries.
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In detailed work it is important to examine carefully the area of dwellings
according to heating source. SIND 1980, using ESH, found a difference in the size
of single family dwellings heated by oil, electricity, and wood, as well as combina-
tions thereof. Moreover Carlsson (priv. communication) has been able to trace the
changes in dwelling size by fuel type over time.~" He found that the largest dwel-
lings were those most often to reduce energy use or employ a backup fuel. Measuring
changes in heating use requires at least an approximation of the size of dwellings
by heating types, in case there have been conversions or additions to the stock that
may affect the average dwelling area, and therefore heating demand.

Additional data are available from the SIB 1977 study, and from FOB80O, since
heating systems and home areas (or rooms) are both known. From the former, dwelling
areas and volumes were measured; from the latter the number of rooms (and taxation
area) are known. Our estimates are shown in Table 2, for 1977. (Data for 1982 for
MFD were very close.) The most important differences are that SFD with solid fuels
and non-central heating are always smaller than the remainder of the stock. In MFD,
homes using DH were somewhat larger than others. From FOB80 we also extracted the
number of people/dwelling by system, which can be seen to vary somewhat as well

among types. When sizes were published in EFH, it was seen that the values (in
m~/dwelling) agreed very well with the approximations made herein.

There are other details of the housing stock that may be important in causing
changes in heating fuel use over the past decade. The number of degree days was
determined for each kind of dwelling and each principal fuel for 1976 and shown in
Table 1. The size and heating equipment of each part of the stock is a function of
its age (FOB 80, ESH, EFH), and the thermal characteristics vary with age as well
(Hammarsten et. al.). The conservation patterns of SFD households is also a very
sensitive function of the age of the dwelling (Schipper et al. 1984 (Ref. 11)).
These details may complicate any investigation of residential energy use, yet they
may account for anomalies in energy use that reinforce or reduce changes caused by
conservation. With these caveats in mind we review and reconstruct the heating
structure of the Swedish building stock from 1960 through 1980.

A.6.2 Review of Heating Structure Data

The official quintenniel censes (Folk och Bostadsrékningar 1960-5, called
herein FOB) gave only information on the presence of central heating by dwelling
type, but no information on kind of heating until 1980. FOB-80, however, contains a
wealth of details on principal heating system, but no direct indication of actual
fuels consumed.
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We turned instead to the many private surveys carried out since 1957. The 1964
FERA survey gives some valuable breakdowns, based upon a survey of several thousand
homes carried out by a renown survey firm. Other surveys were used to establish
principal heating system, and, where possible, the number of homes using wood or
electricity as a complementary fuel. From 1978 onward the use of multiple systems
and multiple fuels is well documented. In general surveys asked whether the house-
hold used direct electric heating, a central boiler, or an "other" system (which
usually meant non-central stoves). In 1964 the kind of "other"™ stove was revealed;
for later years little information was apparent, so we could only guess the rough
proportion of wood, kerosene, gas, and coke (in that order). For answers "boiler"
or circulating hot water, the respondent usually knew what the fuel was if he/she
lived in a SFD, but was less certain if living in MFD. Almost all surveys revealed
multiple answers, both to the breakdown of system type, and to the fuels used within
boilers, although this answer only became significant in the late 1970s. This ambi-
guity reveals the importance of the combination of electricity and wood stoves
throughout the study period.

Generic rules: The numbers of dwellings and numbers with central heat were
always taken from FOB or mid-year interpolations. As best is known, heating systems
and fuels were determined by answers to questions in surveys through 1974; after
that time there 1is increasing ambiguity between "main system” and "main fuel",
because of the presence of two systems or two fuels in one system. These were
adjusted to reflect mid-year averages, particularly in the case of year-end sub-
scription totals given in EoF.

Oil-fired systems dominate, and include block centrals (“kvartercentral™). We
assume kerosene was used only in stoves.

District heating system data come principally from VVF. District heat, block cen-
trals, and central heating in apartments are perenially confused by survey respon-
dents. Through 1974 district heating figures were removed from oil using informa-
tion from VVF. Where conflicts with surveys arose it was assumed that the excess
number of DH-heated apartments were really block-centrals. These were classified
with oil. After 1974 the numbers of dwellings were always taken as mid-year aver-
ages of end-of year numbers of dwellings given in EOF. These estimations are con-
sistent with data from EFH for later years if relative amount of area heated by DH
is transformed into numbers of dwellings using the relative sizes given by SIB—77
or FOB-80. (See SIND 83 for a further discussion.)

Gas structure was derived from data from individual gas works. There is no clear
division between central and individual heating in apartment buildings.

Figures for coke/coal were taken from surveys and adjusted for the presence of non-
central heating based on assumed unit consumption for central heat and data on
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deliveries from kollagringsmagisinet. Where "solid fuels" was given as a response
in a survey, wood was assumed to be the residual.

Electric heating was deduced from SCB yearly reports and from memos by R. Asker-
lund.88 Electric heating as a customer class was used as a guide but not as an
automatic determinant of principal heating form. Figures in the tables include
electricity classified as central and non-central. Ownership and use of electric
resistance heaters was always greater than number of customers because of the use of
electric backup heat as well as use of electricity as the principal source in only a
few rooms, or with wood stoves or tile ovens (kakelugnar) as back-up. For recent
years we can reconcile the number of heating customers with the number of dwellings
using electricity as the principal fuel.

With these considerations we have established time series showing the develop-
ment of central and 'non-central”™ heat through two decades. These are given in
Table 3. These series will be used to establish consumption figures where consump-
tion totals are not well known. These figures were derived as follows.

1960. Very rough figures were estimated from an SCB internal memo (SCB71) 59 and
limited information from a SIFO memo contained in FERA 64 and FOB. The SIFO
memo indicated that 63% of SFD used some kind of wood; we indicate our estimate
of homes using wood as a supplement after a + in the non-central row for wood.
We found the original SIFO survey and used the information contained to clear up
uncertainties.

1963. Figures were initially estimated by EK67 and re-estimated by SCB71 and
then by Esso for this study, based on the FERA64 survey. These studies used
data on new dwellings in 1963-65 to work FERA 64 backwards and forwards. How-
ever, EK67 overestimated the numbers of dwellings by overestimating new SFD and
underestimating removals. This mistake is noted in a footnote but not reflected
in any of the numbers in the tables. BP8® analyzed the 1963 heating structure,
but the number of SFD appear too high, and the share of CH is too low. The
number of kerosene-fired dwellings was given as 26,000, which seems much too low
compared with FERA 64. The oil use/SFD, less than 120GJ, was extremely low com-
pared to all other estimates, which were of the order of 160GJ. The BP MFD
estimates, on the other hand, agreed with those from other sources. The SCB-71
memo was also consulted.

1964. Figures were re-estimated by this study from original FERA material,
based on the revised figure of 2.7 million dwellings. Multiple fuel use was
estimated from the large number of wood-heated dwellings and 11% more responses
to questions of heating systems. FERA64 included much detail on non-central
heating systems and fuels. The figures for coke-fueled systems seemed high and
were reduced somewhat
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1965. This year was extrapolated from FERA65 by Esso, BP, and by ourselves,
adjusted to FOB65 data on dwelling numbers and central heating. EK67 estimates
were considered as well. The SCB memo was also consulted.

1968. Figures were interpolated from FERA64, FERA69, some data on oil-heat from
Esso, BP, and SCB71. Electric heating data were taken from the R. Askerlund
memo. The SCB memo was also consulted.

1969. FERA69 was used for stock data. The split of non-central heating was
guessed, since FERA69 contained no data on fuels for these systems. Kerosene
was estimated from deliveries to resale outlets. FERA69 noted their figures for
apartments agreed well with those from SCBs "Hyresundersokning 1969". Electric
heating data were checked against the R. Askerlund memo. A small number of
electric systems were classified as "non-central’, in part because the counting
of all the electric heating in FERA69 as central and principal leads to much
greater CH penetration than 1is evident in the 1970 census. Data comparing
incomes, homes size, and location for oil and electricity were especially
detailed.

1970. Structure for SFD was determined from a SIFO poll. For MFD, FERA69 and
VAT71 (below) were used for interpolation. Based on the SIFO poll, it was clear
that coke use disappeared much faster than wood. Non-central systems were
guessed, assuming that the use of coke all but disappeared in these systems.
District heating figures given in SIND 82 were considered too high and were
adjusted downward.

1971. Structure for SFD and MFD was derived from SIFO 1971 and agreed well with
VAT71. The excess of electric heating in VAT71 was attributed to overlap with
both water-borne fueled systems and with wood stoves. Separate electric hot-
water systems were noted in VAT71.

1972. Structure for SFD was determined from SIFO; data given in EPU74 were con-
sidered too aggregate to be reliable. The data for electric heating were
checked against the Askerlund memo and SIND, noting that some users fell under
the non-CH category. District heating figures were taken from SIND. Data for
MFD were interpolated from VAT71 and VAT73; some information from SIF072 (actu-
ally taken in Dec. 1971 and January 1972) was also useful.

1973. VAT 73 was used for all dwelling types and reconciled with SIFO for SFD.

1975. The number of dwellings from the census (FOB) was adjusted to mid-year
average by SIND. VAT75, and SCB75were used to arrive at figures for both SFD
and MFD. SIB76, which covered all dwellings built through 1975, was also used
to determine 2-family dwellings, multiple fuel use, sizes, and location (by cli-
mate) for the stock. SIF075 was used as well for SFD. VAT75 seems to indicate
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only a small (<5%) use of wood, oil, and electricity combinations iri boilers but
a substantial (~15%) use of electric resistance heating in combination with
boilers or wood stoves. A large number of "don"t know" responses in all surveys
were taken to indicate district heating, which was derived separately from EoF
and SIND. Electric-heating figures from EoF and SIND were modified somewhat to
reflect the category "Electric plus other system" apparent in the VAT75 survey.
Some gas data were available from gasworks and the 1976 SCB Gas Statistics.

1977. SIF077 was used for SFD, because ESH77 covered only non-farm dwellings.
SIB-77 was reanalyzed, and indicated that only 5% of the oil-fired SFD used wood
as a second fuel, and an even smaller fraction used electricity. 10% of the
electrically heated homes used wood for a second fuel, while 14% of the wood-
fired homes used some electricity (and 2% some oil). SIB-77 also revealed the
heating structure of 2-family dwellings. MFD were derived from EFH77. Some gas
data were available from gasworks and the 1977 SCB Gas Statistics.

1978. SFD data were derived from ESH78, which covered a sample population of
only 1.402 x10” houses built before 1977, as compared to 1.525x10~ dwellings
based on interpolation of FOB75 and FOB80. The difference consisted of those
built in 1977 and 1978 and a large number that reentered the stock through reha-
bilitation between 1975 and 1978. 40,000 homes built before 1940 that were
rehabilitated by 1978 (60,000 by 1980 according to the census in 1980) were
added as principally oil, non-central wood, and electricity. New SFD not
included in the ESH78 sample were estimated from data on 40,000 new homes”™
built in 1976, 1977, and the first half of 1978. SFD with bolers not using
wood, oil, or electricity were assigned coke. 70,000 two-family houses, the
figure given by SIB77, were assumed to be 65% oil, 7% wood, the rest heated with
electricity (close to the SIB-77 figures for 1976 and the SCB estimate made for
1982); the numbers of second dwellings in these houses were added to the ESH78
data, although it is not certain to what extent ESH did or did not count con-
sumption.

SFD not using boilers or electric systems and not using wood, oil, or electri-
city were assumed to use gas, kerosene, or coke. Multiple-fuel users were
noted. Homes using wood without boilers were considered non-central; those
using wood and electricity boilers considered central with wood as the principal
fuel, otherwise electricity. Some of these were classed as non-central heat.
SCB data on gas were also used. The results of this estimation agreed with
SIFO078.

MFD were derived from EFH and EL 1978. MFD without oil, electricity or district
heat and not with gas were assumed to use kerosene or wood. Electric and dis-
trict heating figures were reconciled with SIND. SCB data on gas were also
used.
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1979. These figures were interpolated roughly from 1978 and 1980 and from
sources covering 1979 similar to those used for the neighboring years. HEA pro-
vided more structural information, and both HEA and VAT79 gave ownership of
appliances. SCB data on gas were also used.

1980. For SFD, ESH80, FOB80, SCB data on gas, district heating and electricity,
and SIFO data were used. Multiple-fuel users were noted. Homes using wood
without boilers were considered non-central; those using wood and electricity
boilers considered central with wood as the principal fuel, otherwise electri-
city. Some of these were classed as non-central heat.

ESH80 covers a population of only 1.35x10® homes, adjusted for two-family homes.
FOB80 indicated 1.626x10® SFD,of which 1.61x10® were estimated as the mid-year
stock and 1.6x10® were occupied. It was found that FOB80 (or ESH) contains

about 50,000 more SFD built before 1940 than FOB-75; this suggests a large
number of older homes were rennovated, considering that there were likely 15,000
removals from this vintage during the period. 50,000 two-family houses were
assumed to be 35% oil, 2% wood, the rest heated with electricity, and added to
the population, as with the ESH 78 data. The remaining number of dwellings not
counted by ESH 80 were estimated from data on new homes, SIFO, and ESH81, which
covered all dwellings existing in 1980 that survived to 1981. A similar pro-
cedure was followed for MFD.

1981. SFD and MFD data were derived from ESH81 and EFH81, checked for gas, DH,
and electricity with SCB data, and compared with SIFO-81. Both ESH81 and SIFO-
81 covered multiple systems and fuels. Data cover all dwellings built and occu-
pied by 1980, and so provided a useful check on 1980 figures as well. A
detailed appendix describes the method and assumptions used for 1981.

EFH 81 covers about 5.7x10®@m™ more area than EFH from previous years because of

new sample definition. This means that between 50,000 and 75,000 dwellings not
counted before are included. Since EFH is used to arrive at oil consumption,
this means approximately 2- 3 PJ of oil counted herein that was not counted pre-
viously, making comparison of total oil consumption tricky. Similarly approxi-
mately 2 PJ of DH was not counted previously. Thus for comparison with 1978 and
1980 these quantities of oil and DH should be ignored.

1982. Data on SFD were estimated consistent with methods for 1981. A special
estimate of two-family dwellingsO® placed their numbers at 57,000 and estimated
distribution of fuel used that was close to that of the Fastighets och Taxerings
Register.
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Data for MFD were made available late in this study. Since the 1982 EFH
included information on numbers of dwellings, it was straightforward to derive
1982 structure for MFD, using approximations for wood (other minus gas minus
combined systems).

Based on the above notes, the Tfigures in Table 3 were derived for the entire
1960-1982 period. Some adjustments were made to eliminate unlikely jumps from year
to year. The rise and fall of kerosene-heat, however, was confirmed by delivery
data, and the increase in wood systems after 1975 confirmed by nearly every source.

Several points are worth noting. The fall of coke is reflected in delivery
data, confirming our suspicion that wood was far more important. It is interesting
to note that in 1972 only 80% of the fuel-heated SFD used oil, in 1981 90%; these
are denoted "other™ in SIND reports or EPU but in fact were mostly wood. The rapid
rise in oil in SFD, between 1960 and 1972, is spectacular, yet occurred in Denmark

and Germany as well. It is also interesting to see that the rapid increase had all
but ended by 1973, as electricity (SFD) and district heat (MFD) took most of the new
dwellings. However, the absolute number of oil-heated dwellings did not begin to

fall appreciably until the 1980s.

These figures show that Sweden had a high standard of heating in 1960, much
higher than in other countries. Wood was still extremely important, but gave way to
oil and then electricity by the early 1970s. After the first and second oil shocks
the share of oil began to fall, as in other countries, while the share of wood
increased. The shares of district heat and electricity, which were rising anyway
before 1973, increased faster through 1980, after which DH rose less rapidly (in
MFD), and electricity more so (in SFD). In all, the speed of conversion to oil,
then away, is remarkable.

A.7 ENERGY INTENSITY AND CONSUMPTION

Even without precise data on equipment it is possible to examine data on energy
use that almost certainly took place in the residential sector. Using equipment
data for solid and liquid fuels allows a more exact determination of total quanti-
ties consumed. We review such information, from various sources, here.

EK67 estimated unit consumption by fuel and dwelling types for 1964, presumably
corrected to normal climate and clear of stock variations. We give those estimates
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hsisiii) and add our own for kerosene, gas, and district heating.® These data arc
shown in Table 4. The conversion from physical to energy units is given in the
table. The share of dwellings using the same fuel for central hot-water (HW) as for
heating is given. About one fourth of the electric water heaters were in dwellings
using a different fuel for central heating; most of the rest were in homes without
CH.

Discussions with EK-67 participants suggest that the values for major fuels were
estimated by the working group of EK-67 as consensus estimates; data were provided
by apartment companies, oil companies, and others. While not exact, these estimates
make useful starting points for analysis of developments in the 20 years that fol-
lowed. for reviewing these data by fuel. Note that the consumption per dwelling
will depend on whether the dwelling also has a hot water system. FERA 64 indicated
the penetrations given in the table, although we had to guess the breakdown between
SFD and MFD.

A.7.1 Development of Oil Use

The structure of oil use for heating and hot water was shown above, in Table 3.
Many assumptions had to be made before structure and intensity could be combined to
give estimates of total consumption. Recall that these are estimated bottom-up ; a
good discussion of the implications of top-down delivery data is given in SIND 82.

EK-67 gave 4.5m3 of EO1 as the average use for an SFD, and 2.1 m3 of EO1-5 for

MFD. In energy units these figures are roughly 160GJ and 78 GJ respectively. Esso
suggests they rise by 1972 to about 4.6m3 (163GJ) for SFD; Riksbyggen also finds
about a 5% rise in this period in MFD. SIFO figures give about 4.6-4.7 m3 (163-167

GJ) /SFD for the 1970-72 period. OK Ffinds 4.73 m3 (Munther 1980) for the 1972/3

delivery year, corrected to normal weather. This rise of 5% in 10 years is small,
considering the increase in dwelling size and incomes and decrease in real oil
price. However, we note that the fraction of oil-heated dwellings with hot water
was not 100% in the early 1960s. According to FERA, about 90% of the homes with oil
heat also had hot-water in 1964; we assume this figure had risen to 100% in 1970.
Considering all uncertainties, we believe that the consumption figures are realis-
tic.

* These are based on estimates by EK-67 for coke and wood for non-
central heat; for DH we estimated from information provided by VFF. The
figures are useful as guides; they are not exact.
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From 1972 onward we can use the OK figures given both in Munther 1980 and sup-
plied directly by E. Barreby of OK. These Tfigures reflect so-called "automat
kunder™ who do not use a second fuel (except possibly in the summer), and who do not

o)
use more than 10 or less than 2.5m per year. In nearly all of the 10 OK regions a
consistent reduction in use is seen between 1973 and 1980. The Tfigures for 1978-
1980 agree well with those from ESH as well. If the reduction occurred only in the

forest regions of Sweden we would suspect wood was the main cause.

Unfortunately, OK figures do not take into account eventual use of wood or elec-
tricity. Barreby explained that automatic customers who used second or third fuels
would be identified by their irregular needs, and be rejected from the register:
They are not supposed to use backup fuels, except in a few summer months.

Beginning in 1981, however, the OK figures appear seriously distorted by the use of
wood, since for that year alone the ESH figures for "only oil" are about 5% higher
than those from OK. This difference increased in 1982. Moreover, the distortion is
greater in rural areas served by OK. Finally, the difference between the average
consumption of all OK SFD "automat™ clients and only those in the limited range is
greatest in the woody areas of Sweden, where the ™all" group consumes less. We
believe that this demonstrates conclusively that the OK customers do use wood, but
that those represented in the 2.5-10 m /yr group represent "nearly-only" oil users
through 1980. But before 1978 the number of SFD using two fuels appear small. Thus
we believe that the Tfigures given here can be multiplied by the number of homes
heated with oil to give total consumption, through 1980.

After 1977, several sources of data are available to chart oil consumption.
Homes using only oil and those using oil and wood (or electricity) are examined
separately, and their consumption diverges. This divergence is taken into account
when oil data are summarized. After 1980 we use only the ESH oil consumption data,
since the regular OK customers diverge from "only oil” users. However, the OK cus-
tomers are still representative of the group "only oil/predominantly oil”, ie, oil
or oil + wood. Only when the HEA 1981 data are examined is there serious disagree-
ment, probably because HEA, ESH, and OK define "oil user"™ differently.

To update the EFH surveys for dwellings built after 1977 we assume that the few
new ones used 20% less oil than older SFD. We set consumption of SFD heated by cen-
trals as the same as those in own-boilers, the higher efficiency of centrals being
offset by distribution losses within the distribution areas.

For MFD we use EFH from 1976 onward, but find that the figures are quoted in
oil/area, not per dwelling. We estimate area/dwelling by fuel from FOB80 and SIB77,
as well as by comparing district heating data from different sources. EFH can then
be used to add up total oil use (including centrals), provided allowance is made for
the few new apartments that use oil. Consumption/area in EFH for block centrals
agree with that for own-boilers, if we assume an 80% conversion efficiency. Since
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EFH did not measure the total consumption of oil in centrals, we substitute the
intensity of oil use in oil-heated buildings multiplied by the area heated by cen-
trals. In this way total oil use from 1976 onward is obtained. Recall that EFH 81
covered a greater population than in previous years, even after new dwellings are
included, so oil-use figures may be 2-3 PJ higher than for a comparable population
in earlier years.

To estimate kerosene use, we noted that about 35% of the sales of "lys och eldn-
ings fotogen™, between 1975 and 1980 were through retailers, strongly suggestive of
residential use. However, there is a clear surge in kerosene use between 1962 and
1969 that suggested increased popularity of that fuel, indicating that perhaps a
larger share of kerosene sold was used for heating in those years. Therefore we
assumed 40% of all kerosene sales were to residences, with a slightly higher share
during the 1965-70 period, when the number of systems was largest. We do not know
how much kerosene was used as a secondary heat supply, or for lighting in unelectri-
fied second homes. The breakdown between heavy and light follows that for the
overall "other sector", and is only approximate; for years after 1977 the share of
heavy oil in apartment and office heating is well known. We assume that block cen-
trals are heated with a somewhat larger share of heavy oil.

Given these manipulations, we arrive at the figures for total oil use. We show
in Table 5 our data on heating oil, which include some estimates of the breakdown
between #1 (EO1), #2-5 (E02-5), and kerosene. Other estimates are given in various
SIND studies, and by OEF and SCB, but they do not break out the residential consu-
mer. In the year tables we note the quantity of wood that most likely was used as a
back-up fuel. Roughly half was used by oil users, the rest by electricity users.
More details can be obtained from ESH.

The development of oil use was rather dramatic, increasing nearly three Tfold
between 1960 (about 100PJ) and 1970 (nearly 300 PJ) . However, it is clear that the
increase in oil-heated area was the predominant driving factor; when wood is counted
the increase in energy used for heating is much less. Note, too, that it appears
that oil use began to fall, relatively speaking, compared to total energy use, some-
what before 1973, because an increasing share of new homes were heated with electri-
city or DH. This fall accelerated somewhat after 1973 and increased dramatically
after 1979. These movements in oil use will be examined later. We turn first to
the other fuels.
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A.7.2 Development of Gas Use

We have obtained data on equipment and consumption from major gasworks covering
the period 1960-80.* The consumption data are shown in Table 5. Most gasworks have
kept data on the number of stoves, heating systems, and hot water systems, as well
as miscellaneous appliances. Where available consumption for each class is also
given. Data on stoves should be considered reliable, because there are hundreds of
thousands of customers who have only gas stoves, the overwhelming majority of them
in apartments. On the other hand, many utilities ceased to meter gas, using instead
a yearly subscription independent of consumption. This system effectively counts
losses in the network, rather than consumption at the point of use. By noting the
consumption/appliance for earlier years, however, a good approximation to actual
stove use can be made.

Since 1976, SCB records gas use in SFD and MFD with and without heat. For MFD,
however, the number of subscribers is not the same as the number of dwellings,
because central heating is counted as only one subscription. Therefore, we could
only estimate the number of dwellings by apportioning consumption to heating (30 -

40 GJ/dw) and some hot water; there were roughly as many dwellings with central heat
as without, judging from limited information from some of the gas companies, and

there were some gas water heaters not attached to central heating systems.

For SFD, we assumed that every subscription was a dwelling. Numbers tend to
agree with those from other sources, including the number of non-farm SFD in ESH
that have central heat but not solid fuels, oil, or electricity nor DH. We assume
that all SFD have stoves and water heaters as well. There were only a few hundred
SFD with gas but no heating, which we assume have cooking stoves.

The overwhelming majority of gas consumers have only stoves; this has always
been true. According to Erik Dahlberg of Stockholms Energiverk, specific consumption
for stoves has fallen steadily, as fewer and fewer meals are cooked at home and as
small electric appliances take over more and more cooking tasks at home, particu-
larly where fast foods are concerned.

The number of gas hot water heaters and space heaters has always been small, but
the consumption of gas for space heating still dominates total consumption even in
1982. Stockholm data show the presences of several other appliances, such as
bunsen-like burners and even gas refrigerators, but we ignore these as being insig-
nificant.

* While a small number of homes used LPG in the early 1960s, these
disappeared, so LPG is counted with gas.
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Because the gas survey is incomplete, we calculate total consumption for cook-
ing, given in the year tables, and assume that 90Z of the remaining gas is used for
heating, half in centrally heated SFD and MFD, the rest in room heaters in apart-
ments. This breakdown reflects actual survey data from Stockholm from the 1960s.
The peak in gas use is clear; if the 1973 oil crisis had not intervened, gas use
certainly would have increased.

A.7.3 Development of Solid Fuel Use

Data on solid fuels are extremely limited. We present summary TFfigures from
"kollagringsmagisinet”, which separate residential deliveries of a variety of coal
and coke fuels through time.* There is probably some confusion between deliveries to
MFD and commercial buildings (larger purchases), as well as the perenniel problem of
stockage. Still, the officially reported figures for 1963-5 are consistent with the
heating structure and specific-consumption figures given in EK-67.

For wood there are no reported delivery figures. Recently, however, there has
been a revival of wood use, as reflected in surveys taken by SCB. In particular the
use of wood as a primary fuel is indicated in over 8% of all SFD, while nearly 25Z
used wood as a secondary fuel. A memo written by SIND in 1978 discussed this issue
and the difficulties in evaluating actual quantities of energy consumed. We give
there our bottom—up estimates of wood and solid fuel use, from SOU 67, SIND77, and
more recently SIND 79 and ESH. FOB 80 indicates that only 2,000 dwellings in apart-

ments used wood or sawdust, probably amounting to at most 0.1 PJ. It is clear that
wood use reached a minimum between 1973 and 1976 and thereafter began to climb
again, reaching as much as 35PJ in 1981. SIND 82 notes that the estimates made

using ESH are close to those now available from various forest authorities.

The unit consumptions assumed by EK-67 for solid fuels were shown In Table 4,
above. Note that not all the central systems provided hot-water; according to FERA
64 only about 80% of those with solids did so, figures we assume to break out to 70%
for SFD and 95% for MFD. These figures rise to 95%/100% by the mid-1970s. It
should be recalled that SFD using solid fuels in 1964 (and more recently) tended to
be older, smaller and less well-insulated than those built for oil and (later) elec-
tricity. Some data on these differences appear in the electricity surveys. More-
over, incomes of families using solid fuels are lower than those using oil; those we
with non-central heating lower than those with. Thus the differences in unit con-
sumption between oil and other fuels, which are otherwise burned less efficiently
than oil, are probably realistic.

* These were aggregated over several varieties and converted to PJ by
LGC.
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From ESH we can discern several classes of wood user today. First, there are
several hundred thousand SFD using some wood (less than 10 m3) in a stove as a com-
pliment to other heating systems. Their consumption is indicated in ESH by system
or by fuel used. There are also a few tens of thousands of SFD still using only a
wood stove for heat. These answer "annat system" (other system, i.e., not a boiler
nor DH, not electric heating) and "enbart ved"” (only wood) in the ESH survey. Then
there are wood users with boilers and no other fuel; their consumption is indicated
in the year tables under central heat. Finally, there are those using wood in a
boiler with oil or electricity (or even with electric resistance heating in ele-
ments). We assume that wood is still a complimentary fuel if used with oil, or in a
stove with electricity in some form. Wood it is the major fuel if used in a boiler
with electricity (>20 m3 wood/yr). In this way the ESH users "wood and electricity"

are divided into respective main fuel classes.

It can be seen from our figures for the years since 1975 that back-up uses of
wood as well as principal uses of wood have grown considerably. Although SIFO sur-
veys indicated as recently as 1981 that wood users tend to have somewhat lower
incomes and/or live in rural areas, compared with non-wood users, the use of wood is
clearly spreading to all kinds of consumers. Still, dwellings using solid fuels in
stoves or boilers are on the average older and/or smaller than other dwellings, and
the family size of stove-heated dwellings is smallest. Thus it appears that there
are significant differences among the different classes of wood-user as well as
between users of wood as a principal fuel and users of other fuels. These observa-
tions are important to understanding the rise in wood use.

A.7.4 Development of Electricity Use

We show in Table 6 a summary table of electricity use, giving the principal end
users — farm, SFD (normally counted together as SFD), and MFD with and without
electric heat (where data are available), Fastighets Forvaltning, second homes as
recorded by SCB, and totals given by SIND for comparison. As a rule, '"residential"
consumption is defined herein as
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SFD (farm) with/without electric heat,
minus a quantity used for machines

+SFD (non-farm) with/without electric heat

+MFD with/without electric heat,
including collective and individual
deliveries

+ 25% of "Fastighets Forvaltning” or
building maintenance, the collective
use of electricity in stairwells,
washing rooms, etc.*
(These were extrapolated prior to 1966.)

These components are shown in Figure 2 where they can be separated; we give the net
values consumption in Tfarmhouses (minus equipment) and in building maintenance.
Because of some double subscriptions (heat plus ordinary) and confusion between
principal and secondary (summer) homes, the number of subscriptions does not match
the number of households or dwellings in the census. We believe, however, that the
error in assigning all recorded "residential” consumption to the actual number of
occupied households is small; we try to disallow consumption for appliances in unoc-
cupied dwellings. Since appliance surveys are based on households, not dwellings,
this procedure is easy to Tfollow, since the number of households is known. The
greatest error is introduced in the uncertainty over the number of occupied MFD;
these are heated, whether occupied or not, but little orno electric power is con-
sumed if they are unoccupied.

The steady rise in electricity use before 1970 reflects mainly the acquisition
and use of household appliances. After 1970 more and more of the growth is caused
by the increased share of hot water. We believe that nearly all of the increase in
electricity use since 1980 was caused by space heating orhot water. The shares of
electricity in each end use are shown in Figure 3.

A.7.5 Development of District Heating

To reconstruct district heating data, we took data on total sales of heat by
VVF. Since these data were available by city, we could, in theory, calculate the
apparent load due to climate and, knowing approximately the heat consumed per apart-
ment or SFD, calculate the number of dwellings —as opposed to the number of
subscribers—for each city. |In practice we simply assumed the average consumption

* LGC used 85% of Fastighets Forvaltning in his early calculations.
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per dwelling given by WF, 16,000 kWh (57.6 GJ)/apartment.* The total sales to
apartments were estimated for each year (July-June) as between 59 and 65% of total
sales by WF. For 1965-79 their own estimates were available, but for 1960-64 we
estimated the same fraction of total sales, 65%, in order to arrive at apartment DH
consumption, and 2% of the total sales to calculated the small number of SFD.

WF estimated the number of SFD customers by taking an estimated percentage of
heat sales and dividing this by the *standard" house (57.6 GJ), clearly an underes-
timate, since other studies find about 70-100GJ/house. Comparison of SCB data with
WF data, or actual evaluation this higher estimate for specific consumption. Using
this knowledge, and ignoring the changes in the size of dwellings over time (rather
small for MFD), we work backwards to the year 1960 to find the total DH sales to
SFD.

The sales figures are not corrected for weather. To make corrections for
weather, we assume”™ that about 30% of the energy sold to MFD is used for hot water.
We estimate that about 25% of the energy is hot water in the case of SFD. With
these corrections for climate, we can thus estimate the total number of dwellings in
each class of DH customer.

In the 1964 FERA survey DH and block-wide heating centrals (kvarter-centralen)
that normally use oil were confused.65 EK67 also failed to count DH separately, and
even material provided by Shell and Esso counted DH with oil. Therefore we must use
the data derived herein to separate DH from other forms of heating, particularly for
apartments.

From 1976 onward EFH contains data on the use of district heating by floor area.
Initially we found considerable disagreement in either the derived numbers for dwel-
lings with DH or or total consumption; the fraction of apartment floor area heated
by DH appeared 10% higher than the fraction of apartments using DH according to SIND
and EoF. However, FOB80 suggests that apartments heated with DH are about 10%
larger than those heated by oil, at least on a rooms/dwelling basis. When this
difference is removed, and the differences between apartment area and total building
area (excluding offices) are accounted for, EFH and EOF agree well. This agreement
was reinforced by publication of dwelling area in EFH-82.

* By comparison SIND gives 57.4 GJ (climate corrected) for 1972, 58.6
for 1978.
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A.7.6 Summary of Fuel Consumption Data 1960-1980

In Table 5 we summarized fuel consumption by type and calorific quantity. Dis-
trict heating and electricity are counted at their building-boundary values. These
are shown as totals in Table 7. Additionally values divided by population and
number of dwellings are calculated, and energy use is computed on a primary and a
useful basis as well. Energy use per capita is shown in Fig. 4. We show primary,
delivered, and useful.

It is clear that energy end use peaked in the early 1970s; that even primary
energy use has fallen somewhat, and that energy use per dwelling, no matter how
measured, has fallen considerably since the mid 1970s. This is a very important
finding and will be discussed later.

Additionally we examined data for 1970-82 covering the entire '"other sector"
that were estimated by SIND, but not broken down by end use. These are shown at the
end of Table 7; we have shown the residential fraction of the SIND series corrected
by them for climate. (Shown at the beginning in Figure 1.) While there is some
fluctuation the residential share tends to fall with time, reflecting the increase
in commercial building floor area, relative to dwellings, in the 1970s. The climate
correction that SIND makes for the entire "oOvriga" sector is not exactly the same
as we make for homes. However, the differences are small, less than 2% of total con-
sumption in the ™"6vriga" sektor. The most important finding is that the residen-
tial share of "o6vrig" has fallen slowly but steadily during the 1970s and early
1980s. One reason is that floor space in non-residential buildings grew faster than
in residential buildings during the last 12 years. Another reason is that the
energy services performed are somewhat different. In the next section we reveal our
analysis of the end-uses and services in the residential sector.

A.8 THE MAJOR END USES FOR ENERGY IN SWEDEN 1960-1980

Having reviewed the information on the use of each energy source, we present a
summary of information on use of the breakdown of each source by purpose.* The major
purposes are space heating, domestic hot water, cooking, and electric appliances
excluding heating, hot water, and cooking. Recall that heating + hot water are
measured together, as are electric cooking + appliances. Since these are almost
never accounted for separately in the literature we have made assumptions about
their separation. The assumptions and figures are discussed herein. Hot water is
discussed Tfirst since it must be removed from the space heat/hot water aggregate.
The calculations are summarized (in delivered, primary, and useful units) in Table

* Matrices for the years 1963, 1965, 1970, 1972, 1975, 1978, 1980, 1981,
and 1982 are presented at the end of the text.
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A.8.1 Domestic Hot Water

There are few measured data on energy use for water heating, and no surveys of
equipment and consumption that could be generalized to the entire population. The
chapter '"Rationing of Hot Water™ in EBU reviews almost all studies through 1975,
giving a rough estimate of net energy use for hot water for SFD and MFD. EBU ack-
nowledges the importance of the number of people per dwelling, and EBU derives
linear relationships between people and water use based on observations. Their con-
sensus for hot water use—net—are for 1333 kWh/person in SFD and 1650/person for
MFD. That the latter total is larger reflects the lack of metering. There is no
attempt to examine the variations in income, household structure and size, equip-
ment, or house vintage in applying these estimates to the housing stock.

Our estimates through time are shown in Table 8 and in the individual year
matrices. We used EBU and other estimates as a starting point, and we accounted for

rising saturation of central hot-water equipment. In translating these figures into
building boundary energy consumption we should note that for SFD, DH and electric
systems are considered 100% efficient — ignoring small pipe and standby losses —

while oil is believed to be 65% efficient during the heating season and 25% effi-
cient during the remaining three months. (See Munther 1980). As a result hot water
energy consumption in 1972 in SFD with DH was assumed to be about 20GJ ; for elec-
tric heat around 18GJ/yr, with oil about 35GJ yr.* For MFD we assume 12GJ for elec-
tricity (mostly in the apartment, not in the basement), 20GJ for DH, and 22GJ for
oil boilers, based upon 75% efficiency 3/4 of the year and 25% efficiency during the
summer months.

These low summer efficiencies do not take into account the vacation period, but
the winter efficiency figure ignores the obvious part load efficiency of the spring
and fall months. Data from HEA for SFD in 1979 and 1981 suggest very large losses

during the summer months; if the summer consumption were extrapolated from the 1981
measurements consumption would be 1.4 m™/yr or nearly 50GJ/yr!

These estimates as found in EBU were made from literature covering the entire
period since WWII, but EBU did not draw any conclusions about the evolution of hot
water use (Oor energy use) over time. In other countries hot water use per capita,
in homes with hot water, has grown with increased income, washer and dish-washer

*

Compare 18GJ and 33GJ respectively for Canada in Ref. 1.
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ownership, and so forth.* However, the standard in Sweden was already high in 1960.
It is not unreasonable to assume that the decrease in people/dwelling over 20 years
about offsets the increase in hot water use/capita due to higher incomes and greater
equipment ownership. Thus hot water use per dwelling for a given system is assumed
to be constant in energy units over 10 years, falling gradually after 1975.

We will assume further that in the 1960"s coke, wood, and gas-fired central-
heating systems with hot water used slightly less energy for hot water than did oil
fired systems, because families using these homes tended to have lower incomes and
were smaller. Gas systems use gas water heater tanks, whose efficiency is not
dependent upon the season, were assumed somewhat more efficient than for oil. We
therefore adopt 30GJ/yr Tfor coke and wood heated SFD, 20GJ/yr for coke and gas
heated apartments, 24GJ/yr for gas fired SFD, and assume that non-centrally heated
apartments and homes had either electric water heaters (4% of homes in the early
1960"s) using the assume amounts for homes with electric heat. The remaining homes
had no running hot water, as indicated by the census. We then add up hot water use
over all centrally heated dwellings, add to this the extra electric water heaters.
We assume that gas water heaters exist only in gas-heated dwellings.

We assume that wood and coke fired central heat are used hot water in propor-
tions rising from those given in FERA64 to 100% by 1980. The total number of dwel-
lings with running hot water is known from FOB. We assumed therefore that all the
dwellings without running hot water were either MFD without central heat or SFD
without central heat or SFD with central heat based upon solid fuels. However, FERA
and Vattenfall surveys indicate that approximately 100,000 dwellings more than those
with electric heat have electric based hot water. Thus part of the missing hot
water—that not prepared by the same fuel as the principal heating fuel—comes from

electricity.

What about mixed systems? SIB-77 examined homes that used different combina-
tions of hot water but found only 3% of the oil-heated SFD using electric hot water
systems (slightly more in summer than winter months). However, VAT75 contained some
cross tabs suggesting that only 80% of the homes with electric heat had electric
hot-water heaters. Thus the actual combinations of heating and hot-water systems
are still somewhat uncertain, and growing more uncertain with the advent of two and
three-fuel boilers. Unfortunately, only FERA 64 contained cross tabs showning hot
water system/fuel vs. heating system, and then without regard to dwelling type. It
is hoped that more details on hot water use can be gleaned from these surveys in the

future.

* While clotheswashers in Sweden generally run from central water tanks,
it is difficult to account for the changing number of hot-water using
appliances in the Swedish building stock.
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To estimate electric hot water use we can also rely on energgy-balance calcula-
tions by Munther (1974), and Anderlind et. al. (1980), or estimates by Vattenfall
(1983). These put consumption at about 4000 - 4500 kWh/SFD and 2500 - 4000
kWh/MFD. These amounts are removed from the heating use for electricity. Hot water
for clothes- and dishwashing is counted in the hot-water figures; for electric hot
water this means we have assumed 5,000 kWh/yr for SFD where other studies give 4,000
or 4,500 kWh/yr (cf. Anderlind et. al 1980; Munther 1974) In the total consumption
for hot water, we include for electric hot-water heaters in non-electrically heated
dwellings, approximately 100,000 dwellings in the early 1960s and again in the
1970s, according to available surveys.

We assume that by 1970 all apartments heated with oil or district heat have run-
ning hot water. FERA indicates that perhaps 10% of the apartments with oil heat did

not have running hot water in 1964. WF and the major apartment cooperatives
estimated that nearly 1/3 of the total DH consumed in an apartment in Stockholm is
for hot water, or nearly 19 GJ. The figures we give reflect our compilation of

estimates over a range of years and companies.

A.8.2 Space Heating

We have removed hot water from the specific consumption figures for dwelling
types. This permits presentation of time series of heating by dwelling and system
type according to the sources discussed above. Recall that the sum of hot water and
heating is much more certain.

Data from the 1960s are estimates for normal climate; those from after 1970
represent actual consumption adjusted to normal climate by our"-direct proportion
formula discussed at the outset. For pre-1970 figures, therefore, the estimate is
adjusted in proportion to actual degree days to give 'uncorrected" consumption.
Experience suggests that even large changes in assumptions about hot-water use, and
consequently the non-climate part of consumption of fuels, has only a small effect
on the adjustments made in heating use.

Our estimates for heating intensities are shown in the year matrices. The
reader can see from the table that changes in the numbers of dwellings were the
predominant cause of great changes in shares of total consumption of heating by
fuels; we do not believe that unit consumptions varied as much. After 1973, how-
ever, unit consumption oil and later district heating dropped measurably, while unit
consumption for electricity remained stable. Since hot water was removed by assump-
tion, we can really only speak of changes in total consumption for both purposes,
but we proportion reductions in oil use per dwelling among both uses in the year
matrices.
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Electric heating deserves special attention. By comparing homes of each type
with and without electric heat, we arrive at a rough figure for heat + hot water and
one for appliances. Since not all electrically heated homes have electric hot
water, while some non-electrically heated SFD do have electric water heaters, and
most electrically heated homes have no hot-water circulation pump for a boiler
(400-500kwh/yr), this procedure is somewhat uncertain. Still it provides a robust
first-cut and has been adopted consistently by SIND.”6 However, we have noted else-
where that the stock of electrically heated dwellings has undergone great changes
since 1965. Not until 1975 were the majority of SFD built for electric heat; the
rest were conversions, mostly older, smaller, and leaker than the new homes. For
most of the 70s, however, electrically heated homes dominated new construction. By
1980 as many 70,000 new and existing homes used electric boilers. After 1979 large
numbers of oil-heated SFD were converted to electricity or to multi-fueled boilers
that used electricity, and larger and larger fractions (>65%) of the new homes were
outfitted with boilers rather than direct heat. Thus it is hard to compare intensi-
ties from the entire stock over longer periods, because the meaning of "electric
heat" has changed so much.

Whille ESH permits careful study of the post-1977 situation, the situation before
then remains cloudy. However, figures provided by Vattenfall for groups of homes
over a wide area of souther Sweden, as well as a study by Traforskningsinstitut,
show remarkable stability in the consumption of electricity in electrically heated
homes. The stability of those Tfigures is important, and agrees with Lundstrém-s

findings.

One important development is the use of wood, oil, and electricity in combina-
tions. In 1981 nearly 1/3 of all SFD reported using at least two fuels, and at
least 200,000 used these fuels in the same boiler. The use of small electric
heaters as back-up in dwellings with any other source of heat was common over the
entire study period, but the developments today are far greater in terms of energy
consumed from the secondary fuel and its impact on the use of the primary fuel. The
number of boilers that were used with two or three fuels increased rapidly after
1978. For years before 1978, the SCB, Vattenfall, or FERA data on the electric
heating stock is fairly well determined, but what is not well known is how many of
these homes use other heat sources. However, the number of multiple answers to Vat-
tenfall surveys regarding fuel in boilers was small before that time. Through 1975,
however, nearly half of all electrically heated homes were converted from other
forms, and even after that data conversions still represented nearly one third of
annual growth. It can be assumed that these conversions before the oil embargo
replaced wood, coke, gas, in either central or non-central forms. Moreover, respon-
dents in every FERA or Vattenfall survey indicated a substantial number of users of
electricity with wood or other fuels. Thus the data on electric heating are approx-
imate; some "electric" customers used solid fuels predominantly, and vice-versa.
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This development makes determination of wood use difficult. Recently, however,
SIND (SIND 1980) revised its estimate of wood use in the residential sector. They
estimated, using ESH data, that one-third of all electrically heated homes used a
significant amount of wood in 1978. This number grew after 1978. SIND suggests
that these homes used about 40GJ/yr of wood, giving perhaps as much net heat as 25GJ
of electricity. In fact these dual-fuel homes used about 15GJ less electricity than
truly all-electric homes. A similar situation exists for one-third of all oil
heated dwellings, where wood use is common. We discussed this aspect of the problem
under the subject of oil use.

The number of SFD that used a second fuel in combination with oil in 1976 was
small, about 5% of oil users, according to SIB 1977. Indirect indications from SIFO
data tend to confirm this: The excess of responses over respondents increases
slightly from 101 or 102 per 100 in the mid 1970s only in 1979 and 1981 to nearly
110. Thus the use of a second fuel has become most important only in the last few
years, and wood is the dominant "backup" fuel. The use of electricity for a back-up
to oil appears minimal, at least through 1978, but more important in combination
with wood. Thus the most important multi-fuel combination from the period before
1978 is electricity and wood or possibly coke.

The use of electricity as a secondary fuel has been called ™"hidden heating"”
(dold elvarme), since the electricity consumed is usually not done so on the heat-
ing tariff. This use was always present to some extent because of the low relative
price of electricity. Indeed, the number of SFD using electricity for heating,
according to ESH, has exceeded the number of heating subscribers by increasing
amounts each year for the past several years. Consumption of electricity in homes
using also wood and oil or just oil (over 100,000 in 1982) amounted to about 10 - 12
MWh per house including appliances, less than that level making the heating, tariff
attractive. Similarly about 50,000 of the homes using wood and electricity used
more than 90 GJ of wood in boilers, and likely a very small quantity of electricity.
We believe that these homes, taken together, make up the 70-80000 "hidden heaters",
consuming in total about 2 PJ of electricity in 1981; but this electricity is
counted in the EOF data in the consumption of non-heating SFD, amounting to about
700 kWh/dw. We therefore reduce non-heating consumption in non-heating households
by this amount (less in previous years, more in 1982) and add it to heating/hot

water.

Table 8 includes estimates of heating energy use over time. Heating energy use
increased slowly on a per dwelling basis through the early 1970s, then began to
decrease, exactly how much depending on which kind of energy, "useful', "primary ,
or "delivered” is in question. However measured, heating and the sum of heating and
hot water have clearly turned downward in Sweden after 1975. We return to this
observation below.
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A.8.3 Cooking

Cooking includes the use of stoves, ovens, and cookplates, but not other small
electric appliances. Electricity, city gas, and wood have been the principal cook-
ing fuels, with the latter two giving way to electricity. Wood stoves are still
used in some rural dwellings, however. Based upon our knowledge of gas use and the
surveys carried out by FERA and CDL, we present a summary of cooking energy consump-
tion. During the 1960"s electric stoves were more important in SFD, with larger
families and therefore somewhat greater usage, than in MFD, where gas was important.
By the late 1970"s, however, gas stoves had begun to disappear rapidly, and electric
stoves were found in over 90% of all dwellings, including apartments.

Data on unit consumption of gas are fairly reliable, because of the large number
of apartments with only gas stoves. The drop in annual energy use for Stockholm
reflects decreased family size, fewer meals taken at home, more Tfast foods, more
electric cooking accessories. The data we use are representative of apartments,
which account for most of the homes with gas stoves. For 1976 and onward the number
of subscriptions without heating, and total consumption is published for all of
Sweden by SCB.

Data on electricity are based on rough estimates over time by electricity
authorities. They are biased by failure to estimate differences between SFD and
MFD. The effect of smaller family size and fewer meals taken at home is not clearly
measured. We could find no measured trend upwards or downwards in use/household, in
contrast with gas, and we note that differences in the way devices were counted from
year to year (ie, stove vs stove-or-oven vs stove and oven, or plate) influence both
the saturation figures and the consumption/HH. We assume all-electric homes have
electric stoves.

We have included an estimate of wood consumption in stoves. While the number of
homes with wood stoves has never gone below 5%, most are not used full time. In the
USA wood use 1in stoves may be as high as 20GJ/yr. We believe that the various
intensities presented in the year Tables are representative of cooking energy use.
Table 8 summarizes cooking energy use over time.

A.8.4 Electric-Specific Appliances

To estimate consumption of electricity for appliances it is necessary to sub-
tract data shown above for other uses of electricity. Having determined average
electricity use for all uses except heating, we take the consumption/electrically
heated dwelling and subtract off consumption for stoves, hot water, and heating,
using figures developed above.
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In theory ( so-called "conditional demand"™ theory) we should examine incomes and
sizes of electrically heated homes, since their occupants might tend to consume more
or less electricity for appliances depending on incomes. Also, electricity prices
for homes with heating are somewhat lower than those without. Unfortunately, nearly
every other experimental measurement of electric heating assumes certain key con-
sumption totals — those for non-heating — rather than metering them over the years
or at least reading meters in non-heating, non-vacation months. Anderlind et. al.
(1980) and Munther (1982) nevertheless find that correlations between degree days
and heating electricity, corrected for free heat from other loads, appear close
enough to validate the usual assumptions that 4800 Kwh/yr for appliances (incl
stoves) is consumed in SFD in 1978, 5000 in 1980. When these totals are corrected
for a small amount of heating in homes without heating subscriptions (Vattenfall
1983; own estimates), they become the amounts shown in the Electricity consumption
table, Table 6.

Making these manipulations leaves electric-specific appliance consumption per
household, or consumption of electricity in appliances for which there is no substi-
tute energy. Their saturations over a long period are shown in Table 9 and in Fig-
ure 5; unfortunately there were no data more recent than 1979 at this writing. For
1978 Vattenfall made a careful bottom-up estimate of consumption per appliances that
indeed yields the approximate consumption per dwelling including hidden heat. The
only missing use is that of hot water in homes without electric heating — but this
probably is counted air eady as hidden heat.

Given the good agreement found by Vattenfall, we believe it is possible to dis-
cuss appliances separately from other uses. To be sure, hot water in dishwashers
and clotheswashers could be supplied by a central hot-water system using fuel, but
this is not usually the case in Sweden. We ignore gas dryers and gas refrigerators,
a few thousand of which existed in the 1960"s.

Note that there are a few unusual items, such as automobile seat or engine block
heaters and saunas, neither of which are appreciable in the US or in central Europe.

A.8.5 Vacation Homes

A recent study by Fredblck” literature on energy use in vacation homes, and

noted that most FERA surveys included equipment in vacation homes as a special ques-
tion. Vacation home electricity has been shown in the SCB annual reports since
1964. Because of the coolness of Swedish summers heating use, particularly with
electricity and wood, are significant. Moreover, an increasing number of summer
homes are winterized and used outside of the "warm months". Given the lack of data
on fuel use we record only the electricity used in these homes, which, according to
Fredback, probably dominates anyway.
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The potential importance of vacation homes lies in their absorption of a greater
share of families™ time, and therefore residential energy use. As use of vacation
homes expands to include the non-summer months, more consumption here replaces use
of appliances and hot water, and possibly even some space heating, in principal
residences. We believe the impact of this substitution thus far has been minimal;
as Fredback points out, the predominant use of energy in connection with these
homes is for transportation to and from them!

A.9 ECONOMIC FACTORS

The foregoing material dwelt on a physical reconstruction of energy end use data
based upon a variety of sources. We have used some economic judgement, however, in
guessing consumption in some classes of dwellings that were smaller or occupied by
families with lower than average incomes. In this section we review some of the
important economic forces that shaped residential energy demand.

What about a more formal economic approach? It might be argued that knowledge
of energy prices, Tfamily incomes, and so forth would be sufficient to determine
energy uses. But elasticities of energy demand are properly determined after quan-
tities and prices are determined. Our analysis determines quantities ab initio, but
other analyses of demand in Sweden do not include much structural information.
There have been many attempts to measure the price sensitivity of household energy
use in Sweden, to which we recommend the Interested reacler.CQ Unfortunately, these
studies did not use very much structural information, nor was either able to ela-
borate electric consumption data. Dargay (1980b)”~ discussed many of these prob-

lems.

We believe that a study of electricity demand must take into account the struc-
ture of demand, 1i.e., the numbers of customers using/not using electricity as the
principal heating source. The reason is that the transition from no or few custo-
mers using heating (before 1970) to many, such that a majority of the sales of elec-
tricity go to heating, can really only happen once. Conclusions about the relation-
ship between income and electricity use (latter increased much more rapidly than the
former in the 1970s because of electric heating) must be guarded unless the rise and
saturation of electric heating is modeled explicitly. We Jleave this matter for
future research.

A complimentary approach is to use consumer expenditures on energy as a proxy
for consumption when consumption figures are not known. This well known approach
(cf. Pindyck)” interesting theoretically, since it may reveal what consumers are
willing to pay for energy services. Nilsson (1982) tried this approach for Sweden.
Unfortunately, large but varying quantity of heat and hot water is not counted as a
consumer expenditure but rather buried in in rent, and large amounts of wood that
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was not purchased, formed significant parts of residential energy consumption in
Sweden. Therefore, consumer expenditures do not form a reasonable proxy for con-
sumption.

Neither raw consumption data nor consumer expeniditures tell us where and how
energy was used. We believe that estimation of demand must take into account struc-
ture (conditional demand theory) as well as some measure of saturation. This
approach is reflected in most of the judgemental forecasts from SIND, and from the
recent CDL forecast of electricity use. The data presented herein may be amenable
to formal estimation of residential energy demand over a longer period, provided the
underlying assumptions are understood. Although we leave estimation to future work-
ers, we review the most important economic factors, incomes and prices, as they may
have influenced energy demand.

A.9.1 Energy Prices

In Table 10 we show the important energy prices for a number of key years, in
current SEK. The value of the consumer price index in Sweden, (1949 = 100, and 1970
= 100) is also given. In addition to prices commonly found in the literature, we
also give approximate prices for district heating — almost never paid directly by
apartment dwellers — and the variable cost of electric heating, here estimated from
material provided by Vattenfall. We also indicate the price for heating gas from
Stockholm for a few years. These three prices point up the necessity of looking
carefully at tariff and price structures in comparing energy costs, since the heat-
ing variable costs of these energy forms are significantly lower than the total
costs or (in the case of gas and electricity) the cost of energy without heating.
Figure 6 shows real prices for oil, coke district heating, household electricity,
and the variable cost of heating electricity from Vattenfall®s tariff.

The most important information in Table 10 is the changing relationship between
the cost of oil and that of electricity for heating. The cost of oil rose consider-
ably in 1974 and in 1979/80. By contrast, there were no dramatic increases in the
cost of electric heating during the 1970s. For this reason it is difficult to
expect great short term changes in the use of electricity, while oil use, by con-
trast, has fallen steadily. The price of a unit of heat delivered from oil at 66%
efficiency was considerably less than that of electricity (at 100% efficiency) until
the early 1980s, when these prices were similar. This has certainly encouraged peo-
ple to switch to electric heat (from gas and oil) as well as to supplement oil heat
with electricity.

Sweden is a unique country in that the coupling between energy prices and con-
sumption is so weak. In apartments, only a minority of families — predominatly
those with individual electric heating (about 40,000 units) or non-central heating
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— pay directly for heat and hot water. Moreover, only people living in oil heated
SFD (or those who gather wood) see the immediate costs of heating and the conse-
quences of conservation; those with electric heating are only billed against actual
consumption once a year. Thus there is virtually no short-term price mechanism in
the Swedish residential sector that could effectively cause sector-wide changes in
energy use; only when rents are renegotiated, when new oill supplies are ordered, or
when electric (or district heating) meters are read can the information about newer,
higher prices be transmitted directly to consumers. There is other evidence, how-
ever, that energy prices are extremely important determinants of consumption, par-
ticularly in the long run. The drop in oil consumption in SFD (large drop, large
price increase), compared with the drop in electricity use (less drop, small price
increase) among dwellings with similar vintage 1is very suggestive of a price
response.

Casual interpretation of the relationship between price and use can lead to
counterintuitive effects. During the 1968-1978, period successive generations of
new electrically-heated SFD appeared to use less and less electricity/m floor area
(ESH), yet the price of electricity for heating fell. Electricity
consumption/customer did not fall, because the new homes were larger then the older
(and leakier) conversions that made up the bulk of the earliest electrically-heated
homes. Then when electricity prices begin to increase consumption/m"i did not fall,
because a concurrent rise in oil prices caused many conversions of larger and leaker
homes into the stock of those heated with electricity. Clearly any attempt to meas-
ure aggregate energy price elasticity could not succeed unless unusual attention
were paid to details of the housing stock. Such detail is now available from ESH.

A.9.2 Incomes

The development of income is important to energy use. Higher national income
supports the building of more, larger housing; greater consumer expenditures on
energy; and more expenditures on capital equipment to use energy- But higher
incomes also support improvements in overall productivity of all processes (and vice
versa), which permits greater energy efficiency. We already noted that the stock of
homes has become thermally more efficient over the last 8 years, such that energy
use for heating has not followed the expansion of heated area. Moreover, higher
incomes permitted and encouraged the transition from wood to oil, and later to elec-
tricity, two forms more easily controlled than wood. Thus income growth stimulates
both the propensity to consume more, and the ability to consume more productively.
For heating these two counteracting trends almost cancelled; increases in energy use
in the home came mainly for hot water and electric appliances.
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Which measure of income activity is most appropriate to use, gross domestic pro-
duct, personal consumption, or disposable income? GDP is certainly the best measure
of society"s ability to afford housing, since a great deal of housing capital expen-
ditures are subsidized in Sweden. Private consumption is a measure of consumers”
ability to pay for fuels and smaller energy-using equipment, but disposable income
includes expenditures as well as consumers®™ willingness to save. Because residen-
tial energy use is so closely tied to capital equipment, and because that euipment
is in turn tied to consumers®™ overall budgets, we believe that disposable income
(consumption plus savings) is a slightly more accurate measure of consumers ability
to use energy than private consumption. We show in Fig. 7 all three measures, in
per capita terms, deflated using the consumer price index (1970-100), from 1960 to
1982.

The three measures do not show any great divergence, although GDP grew somewhat
faster than private disposable income through the early 1970s, then slower, as the
government share of economic activity increased, then decreased.

After 1975, however, income, by any measure, grew more slowly, and almost not at
all between 1978 and 1981. While most families had acquired important equipment,
slower income growth inhibited equipment replacement — although fuel switching did
continue with some public aid. Housing starts fell as well, which, we know from the
GMF project, meant that the rate of replacement of older houses with newer declined.
Lower 1income growth, or decline (as was the case in real terms in several of the
years after 1978) probably caused some consumers to use less energy with existing
equipment, however.

It is important to bear in mind, however that there are at least three other
"income”™ factors that should be noted in studying the development of residential
energy use. The first is subsidies for housing, through interest rates. These are
not measured directly as transfer payments. In 1981 they amounted to around 13 X
10g SEK, about 4% of household disposable income and about 1/3 of the gross fixed
investment in residential buildings in that year. The second is the tax subsidy for
investment interest, reflected in both housing loans as well as in loans for
energy-using equipment. Since many energy conservation loans include subsidized
interest, some of the tax benefits of loans are transferred to the 13 billion SEK
figure noted above. Both of these channels serve to give consumers "more" housing
and housing services; since the size of new homes is in practice limited by loan
rules, much of this gift acts to improve the quality of living and concurrently the
thermal quality of the building stock, probably saving energy.

The final factor related to income, that is often ignored, is wood. Wood con-
sumption in 1970 was around 25 PJ, falling by about 50% through the mid 1970s, then
rising steeply in both wood-fired boilers and as a secondary fuel. ESH surveys
indicate that most wood is gathered, not bought. According to SIFO and FERA, low
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income and/or rural consumers always showed the greatest preponderance to use wood,
whether in stoves or in boilers, and wood users had the smallest houses. Clearly
income constraints encourage this behavior.

But wood has an important and growing role among high-income consumers. We sur-
mise that wood is used not simply to replace oil (and electricity), but to provide a
source of energy that is tax free. This 1is because gathered wood is no longer
taxed. A consumer in the 50% tax bracket would have to earn about 5000 SEK gross to
be able to buy a cubic meter of heating oil for 2500 SEK, while he/she needs only
free time to gather wood. We believe there is some evidence that the lowest and
highest income groups do show the greatest incidence of wood or multi—fuel use.
Thus wood use represents an important hidden income effect for both high- and low
income consumers.

A.9.3 Consumer Behavior

Consumer behavior is an important determinant of energy use, particularly in the
short run, and energy prices can be an Important determinant of behavior, to the
extent that changes in prices can be transmitted to consumers. We noted that only a
minority of consumers pay directly and promptly for their own energy use. This
means that we do not expect to see great changes in behavior in the short run, short
of a widely recognized national crisis accompanied by appeals and/or threats of
rationing or curtailment.

An additional characteristic of Swedish capital stock makes behavior more diffi-
cult to understand, namely the high efficiency of building shells and heating equip-
ment. The economic benefits from short term reductions in energy use are small in
Swedish homes because the homes are efficient. We expect a big variation in indivi-
dual behavior (temperatures, hot water use, etc.) among families, since the benefits
of adjusting behavior to save a few units of energy is relatively small. For-
tunately the impact of individual behavior on energy use in identical homes is well
recognized in Sweden. (Lundstrom 1982; Munther 1974) The scatter in family energy
use among otherwise identical houses is well established. We believe that this
scatter reflects the low variable costs of staying warm and, when appropriate, wet
as well. Clearly systems that have even lower variable costs (like electric heat-
pumps combined with very well-insulated homes) will stimulate less energy-saving
behavior than those with higher costs, although well insulated homes require lower
temperatures for physiological comfort. This means that we might find that some of
the savings expected from newer technologies do not appear because the users "use"
more of the heat, hot water, and fresh air provided by these systems.
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Unfortunately there are no complete consistent studies of variations in indoor
temperature or area heated, ventilation, or hot water use. Several measurements of
electric heating indicating apartments in the late 1960s suggest were heated to 22-
23C, which agrees with information from apartment companies. Surveys used for
establishing heating patterns also asked about indoor temperatures since 1969. These
tend to indicate that:

* Single-family dwellings seem to have been heated to 21-22C before 1973;

* The 1975 SCB (Ref. 36) survey based on 700 households reported about 20C in SFD
and 21C in MFD.

* The 1978/8 HEA survey suggests a slight upturn in daytime temperature, although
ESK 83" suggests there was also an increase in nighttime setback;

* The 1980/81 HEA surveys reported a slightly lower distribution of temperatures.

* The SIB temperature measurement (Ref. 24) found average temperatures of 20.3°C in
SFD and 21.8°C in MFD, which suggests these temperatures have risen a little since
1979 and 1980, 'crisis years'". Unfortunately these surveys do not report tempera-
tures in SFD by fuel; they do suggest few differences in homes of different vin-
tages, which tends to suggest that newer, more efficiently built and heated homes
are not heated significantly more than older, leakier homes.

The increase in frequency of night setback is confirmed by the data from AB
Marknadsforskningen, which covered 600 SFD occupied by owners and heated with oil in
the spring of 1980.

We judge that overall temperatures in centrally heated SFD and MFD were in each
case somewhat lower than they were in 1973, before the first oil crisis. However,
available information from other countries suggests that these temperatures were the
highest in the OECD, considering that they represent most or all of the dwelling,
and that night setback to below 18C is far less common in Sweden than in any other
country.

A.10 SUMMARY

In the foregoing text we have reconstructed Swedish residential energy use and
structure from basic data covering the period 1960 - 1982. The most important
trends noted were

* oil heating and oil use increased very rapidly through 1971, then began to

decrease.
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* Coke use declined during the period; city gas and kerosene use peaked around the
beginning of the 1970s and, like coke, almost disappeared.

* wood use proved to be very important as a 'swing" fuel, first yielding to oil or
electricity, then replacing these fuels towards the end of th 1970s

The examination of data show that it is possible to reconstruct a reasonable
portrait of changes in residential energy use in Sweden. With additional material
we have collected or know to exist, this portrait could be sharpened to answer more
questions about the state of energy use before the first Oil Shock, and provide a
better understanding of subsequent changes. For more discussion, the reader is
referred to the main text, to Schipper 1984, and to Carlsson 1983.
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TABLE 1

CLIMATE ZONES IN SWEDEN

DEG-DAY VALUES DISTRIBUTIONS OF DWELLINGS, (%)
CITY DD(17c) DD(18c) DD(21c) SINGLE FAMILY MULTI-FAMILY DWELLINGS
Oil Elec DH Solid Oil Kve Elec. DH
1.Kiruna 5930 6214 7590 9.2 8.7 6.0 14.7 4.4 6.2 3.5 0.9
2.Luleaa* 5260 5537 6450

3.0estersund 4760 5039 5930

4 .Haernosand* 4330 4593 18.9 16.4 14.0 21.3 13.8 19.8 20.7 9.3
5.Falun 4270 4522 5300
6.Stockholm 3570 3809 4530 46.1 46.0 64.0 46.7 61.0 59.3 41.4 56.0
7 .Karlstad* 3780 3994 4790
8.Joenkoeping 3640 3889 4520
9 _Goeteborg* 3120 3346 4020 25.8 28.9 16.0 17.3 20.7 14.7 34.5 14.7
10.Malmoe 3020 3244 3920
Average 3760 4010 4790 4082 4039 4066 4253 4006 4113 3949 3847

NOTES: Percentages add vertically. The horizontal lines delineate the four major
climate zones, for which we take provisional degree-day values (base 18C) from
Luleaa, Haernosand, Karlstad, and Goeteborg, respectively, to weight the distribu-
tion of each kind of dwelling and heating system. These distributions were calcu-
lated from SIB77.
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Table 2: DIFFERENCES IN DWELLING AND HOUSEHOLD CHARACTERISTICS
BY HEATING FUEL

Type DH KVC oIL EL SOLIDS OTHER NO CH
SFD

1977 SIB 133.8 143.A 134.3 132.8 . 85.2

Y, m2)

1980 FOB, (RE) 5.5 4.9 5.3 5.29 .. 3.61

1981 HEA,Pe/dw 3.15 2.79 2.85 3/2.8 2.79 .. 1.95
MFD

1977 SIB 88.88 80.37 77.2 72.71 87.85

Y, m2)

1980 FOB (RE) 3.31 3.29 3.11 3.21 3.02

1982 EFH (Total) 74.63 71.3 70.76 73.05 72.41

(BY) 65.15 65.2 61.8 67.71 62.83

NOTES: SIB data from SIB (1977) Investigation of Building Stock. They measured 'vaaningsyta"
(vy). The census (FOB) counted the number of “rumsenheter" (RE). HEA (81) noted
people/dwelling. The 1982 data from EFH were derived by dividing total heated area (‘“total”,
includes garages and non-dwelling units, such as stores) in residential buildings. Bostad-
sytan (BY) was also given.
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TABLE 4: ENERGY INTENSITIES FOR HEATING (AND HOT WATER) IN 1964.

(Energikomitteen or LBL Estimates)

Fuel SFD MFD Hot Water Penetration
CH NON-CH CH NON-CH in home8 w. CH

olL (EK) 160GJ - 78GJ - 90%HW

KERO (EK) - 50GJ - 35GJ

GAS (LBL) 120GJ 50GJ(?) 80GJ 45GJ 100% HW

COKE (EK) 78GJ 39GJ 52GJ 39GJ 70% HW

WOOD (EK) 100GJ 80GJ 70GJ 53GJ 70%HW

ELEC (LBL) 40GJ 30GJ 35GJ 20GJ 40%HW

ELEC -new 54GJ 100%

DH (LBL) 100GJ - 55GJ - 100%HW

NOTE: Light oil (EOI) counted at 35.588 MJ/liter, heavy oil 38.9 MJ/1, kerosene 35
MJ/1; city gas 16.4 MI/m”; coke 1.3 GJ/hl (or 28.7 GJ/ton); wood 4.5 GJ/m"™ loose

(6.7 GI/m~ filled). Note for electricity we differentiate between new and older

dwellings. The fraction of homes central heating fueled by a given source that also
have hot water, as estimated herein from the 1964 FERA survey, is shown.

NOTES To Table Figures in brackets are estimated from partial data or interpo-
lated. For all estimates before 1970 "normal” year figures were derived, from which
the shares of heat were multiplied by the respective year®s climate factor to get
“actual'. The breakdown of oil into components is also very tenative for earlier
years, which are indicated with (). For 1981 and 1982 about 2PJ each of oil and
electricity were counted by EFH that were not included in apartment surveys from
1978 and 1980 because of limits on the sample.

“Primary"” is calculated by figuring district heating at 75% efficiency and electric
power production (including distribution) at 34.6% efficiency, the latter figure
consistent with the OECD average for the period 1960-1980. “Useful™ is calculated
by figuring Jliqued and gas conversions at 66% efficiency, solids at 55%, with
slightly lower figures for cooking. Actual conversion efficiencies in Sweden vary
from year to year. Both these derived quantities are based on the climate corrected
figures
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TABLE 8: RESIDENTIAL ENERGY END USES 1960 - 1982 (Corrected to Normal Climate)
1963 1965 1970 1972 1975 1978 1980 1981 1982

Heating, (GJ/dw) 70.2 72.6 74.9 75.1 69.9 61.3 57.1 57.5 57.2
Useful (PJ) 124 134.4 163.8 174.6 179.1 165.5 156.9 159.0p 163.6p
(GJ/dw) 44 .9 47.2 52.0 52.9 50.9 45.7 42.9 44 .2 44 _2p
Primary(PJ) 199.9 211.9 254.8 274.7 287.2 277.4 269.8 277.6p 292.0p
(GJ/dw) 70.5 74.4 80.8 83.2 81.5 76.6 73.7 75.5p 79.3p
Hot Water, GJ/dw 15.7 17.7 24.3 24.9 24.2 23.2 21.8 21.1 20.0
Useful (PJ) 29.1 34.3 54.5 59.4 63.1 64.3 62.4 61.7p 61.4p
(GJ/dw) 10.5 12.0 17.3 18.0 17.9 17.8 17.1 16.8p 16.6p
Primary(PJ) 46.9 55.0 86.1 95.1 102.6 108.3 106.9 107.5p 109.6p
(GJ/dw) 17.0 19.3 27.35 28.81 29.15 29.92 29.21 29.2p 29.6p
Cooking, GJ,dw 3.4 3.3 2.7 2.6 2.5 2.35 2.33 2.32 2.3
Useful (PJ) 6.17 6.3 5.9 6.1 6.3 6.5 6.4 6.4p 6.4p
(GJ/dw) 2.24 2.21 1.93 1.85 1.80 1.75 1.75 1.80p 1.7p
Primary(PJ) 19.8 21.0 20.4 21.96 22.06 22.8 23.1 23.2 23.35p
(GJ/dw) 7.17 7.37 6.48 6.65 6.26 6.32 6.33 6.3p 6.3p
Appliances (PJ) 13.3 16 24.9 28.1 30.4 34.8 36.5 37. Ip 37.8p
GJ/dw 4.82 5.61 7.88 8.51 9.2 9.97 10.0 10. Ip 10.2p
Primary, (PJ) 38.4 46.2 72.0 81.2 87.9 100.6 105.5 107.2 109.2
(GJ/dw) 13.8 16.2 22.8 24.6 25.0 27.8 28.8 29.1 29.5
Total/dw,GJ 94 99 no 111 105 95 91.2 90.8 90.2
Useful/dw,GJ 62 67.7 79.7 81.8 79.6 75.1 72.7 72.8p 72.7p
Primary/dw,GJ 109 117.2 137.2 143.3 142.0 140.1 138.3 140.1 1447
NOTES: These Tfigures are taken from or calculated from year tables. "Primary” |Is calcu

lated with district heating at 75% efficiency and electricity at 34.6% efficiency. Fo
net energy, gas and liquid fuels are converted at 66% efficiency, solid fuels at 55% effi
ciency, electricity and district heat at 100% efficiency.
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Tasle 9, (cont.)T The Uses of Electricity
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NOTES TO YEAR TABLES

Version of March, 1984

The following tables contain raw data and estimates of energy use by fuel and system
for a variety of years between 1963 and 1982. They are shown in such a way that
total consumption (in Petajoules, PJ) can almost always be broken down into the
number of consumers or consuming units and the consumption per unit.

Where figures are separated by a slash, the first refers to SFD, the second to MFD.
Where two Tfigures are given in the heat column separated by a "+, the second, in
brackets, refers to use of that fuel as a secondary heat source.

When primary energy is given it is assumed that electricity is delivered with 36.4%

efficiency, district heating with 75% efficiency.

Abbreviations include DI/cap, disposable income per capita; CH, central heating
penetration; Climate, the climate index, ie., the ratio of actual degree days to
normal; Appl., energy for appliances (almost always electricity); PJ, petajoules (=
1015 Joules = 278 GWh = 23.9 x 103 tonnes of oil equivalent); GJ, glgajoule (= 109
Joules); Stock or units, the number of households using that equipment or the number
of pieces of that equipment; Spec. Cons, (or Unit Cons.), the specific or unit con-
sumption, ie., consumption per unit or per dwelling; Non-CH, the number of house-
holds or dwellings with that fuel used in a stove or other non-central heating sys-
tem; GJ/dw, consumption per dwelling for each end-use; Kero, kerosene (fotogen); DH

or Dist Ht, district heating (fjaerrvaerme); Elect, electricity;

Heating figures are given as "actual” for 1970 and onwards. They are summed, and
corrected by dividing by 100/Climate index, as shown in parentheses for the heat
column, and included by fuel under the 'Corrected" total. Virtually all indicators
given at the bottom of the tables, or elsewhere, use this correction, unless specif-
ically noted otherwise. As noted in the text, the separation of hot water and heat-
ing is largely by assumption; this is done both for comparison with other countries
and to allow the explicit climate correction noted above. The share of end—use

shown at the bottom of each table use the corrected heating figure.

The climate index is based on the ratio of actual number of degree days to average;
the actual number is the number given by OEF, corrected upward by 250 to 18°C.
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RESIDENTIAL ENERGY USE-SWEDEN

Year: 1963 Population:7.66x10" Dwellings:2.79x103
CH:67.8/87.6% Di/cap: 10,245 SEK7Q Climate:109
Fuel/Use Heat Hot Water Cooking Appl. Total Corrected
0il.PJ 107.25 31.0 - - 148# 138.3
-Stock, 103 425/1000 325/925 - -
-Unit Cons,GJ 130/52 30/23 - -
Kerosene,PJ 5.85 - - - 6.4# 5.85
Units,103 75760 — - -
-Unit Cons.GJ 50/35 - - -
Gas, PJ 2.34 0.4 1.9 - 4_85# 4.68
Units,103 10/5 10/20 580 -
-Unit Cons.GJ 100/65 20/10 3.3 -
Non-CH, 103 3/20 _ _ -
-Unit Cons.GJ 50/45 - - -
Coal ,Coke,PJ 25.2 4.5 - - 32.0# 29.7
-Stock, 103 230/125 150/100 - -
-Unit Cons.GJ 78740 20/15 - -

yon-CH, 103 252/25 _ _ _
-Unit Cons.GJ 50/40
Wood.PJ 45.3+13.2] 4.85 2.0 - 59.7# 55.35
-Stock, 103 240/50 170/40 400 -
-Unit Cons.GJ 90/50 25/15 - -
-Non-CH, 103 262/125 _ _ _
-Unit Cons.GJ 60/50 - - -
Electric,PJ 0.38+0.5 1.3 5.5 13.3 21.04 20.98
-Stock, 103 10/5 65/35 1730 2795
-Unit Cons.GJ 30/15 15/10 3.2 6.4
Dist Ht,PJ 5.38 1.75 - - 7.4 7.1
-Stock, 103 5/110 5/110
-Unit Cons.GJ 85/45 20/15
Total ,PJ 213.0(195.4) 43.8 9.4 13.3 279.5 261.7

GJ/dw 76.5(70.2) 15.7 3.4 4.8 98.6 94.0

Share, (%) 75 17 4 5

NOTE: Values worked out 'climate corrected"”, with figures marked by (#) imputed from
he climate index. Values in [brackets] indicate use as secondary fuel. Values in
ehe heat column are thus climate corrected; their sum is given in parentheses.
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RESIDENTIAL ENERGY USE-SWEDEN

Population: 7.734x10fd Dwellings:2.875x10*

Year : 1965
CH: 75/90% D1/cap: 10,930SEK70 Climate Index:106
Fuel/Use Heat Hot Water Cooking Appl . Actual Corrected
oil,PJd 132.0 38.0 — - 177.7# 170.0
-Stock, 103 555/1115 500/1000
-Unit Cons.GJ 133/52 30/23 - -
Kerosene,PJ 6.98 - - - 7.4# 6.98
-Stock ,103 80/80
-Spec. Cons,GJ 50/37
Gas,PJ 2.38 0.39 1.7 - 4.6 4.46
-Stock, 103 13/5 13/10 540
-Unit Cons.GJ 100/55 22/10 3.2
-Non CH, 103 2.5/15
-Unit Cons,GJ 50/45
Coal, Coke ,PJ 17.8 4.06 - - 22 _9# 21.86
-Stock, 103 160/85 130/75

-Unit Cons.GJ 80740 22/16

Non/CH,103 20/15
-Unit Cons,GJ 50/40
Wood,PJ 35.35+[3] 4.15 1.5 - 46.3# 44 .0
-Stock, 103 200/30 150/25 300
-Unit Cons.GJ 90/60 25/16
-Non/CH, 103 222 .5/50
-Unit Cons.GJ 60/45
Elect,PJ 0.9+[0.33] 1.72 6.17 16.0 25.23 25.15
-Stock, 103 22+10/5+5 80/40 1905 28.55
-Unit Cons.GJ 37/20 16/11 3.24 5.61
-Unit Cons.MWH 10.3/5.5 4.4/3.0 0.9 1.56
Dist Ht.PJ 8.02 2.58 - - 11.1# 10.6
-Stock, 103 5/165 5/165 - -
-Unit Cons.GJ 85/46 20/15 - -
Total ,PJ 218.1(205.76) 50.9 9.37 16.0 (295.2) 283.05

GJ/Dw 76.8(72.56) 17.7 3.28 5.0 (102.7) 98.45

Share, (%) 73 18 3 6

OTE: See notes

for 1963.



Year:1970
CH:85/95%

Fuel/Use

0il,PJ
-Stock,103

-Spec.Cons,GJ

Kero, PJ
-Non/CH, 103

-Spec.Cons,GJ

Gas,PJ
-Stock,103

-Spec.Cons,GJ
-Non-CH, 103

-Spec.Cons,GJ

Coke.PJ
-Stock,103

-Spec.Cons,GJ
Non/CH, 103

-Spec.Cons,GJ

Wood.PJ
-Stock, 103

-Spec.Cons,GJ
-Non-CH, 103

-Spec.Cons,GJ

Elect,PJ
-Stock, 103

-Spec.Cons,GJ
-Spec.Cons,MWh

DIst Ht,PJ
-Stock,103

-Spec.Cons,GJ

Total .PJ
GJ/Dw
Share (%)

RESIDENTIAL ENERGY USE

Heat

201.0
88171250
139/62.8

4.32
45/46
55740

2.84
13710
110/60
1/15
60/50

3.89
25712
90/55

15/5
50/45

20.5+[2]
110/15
100/60
110/27
67/45

5.79+[1]
120+/23
45+21.6/29.8+18
12.5+6/8.3+5

23.84
117420
104/54

265.2(236)
84.1(74.8)
68

Population:8.08x10"

DI/cap: 11,880SEK70
Hot Water Cooking
62.3 -

875/1250 -
34/26 -
0.51 1.2
13/15 410
25712 3.0
0.68 -
20/10 -
25/18 -
2.27 1.0
80/15 250
25/18 4.0
3.6 6.3
180/30 1160/1310
18712 3.2/2.0
5/3.3 0.710

7.4 -
117420 -
21/17 -
76.8 8.5
24.3 2.7
22 2

IN SWEDEN-

1970
Dw:3.153x106
Climate Index: 112.3
Appl. Total
- 263.1 241.3
- 4.32 3.85
- 4_55 4.2
- 4_57 4.14
- 25.8 23.35
24.87 41.57 40.9
3150
7.88
2.2
- 31.2 28.6
24.9 375.1 346.3
7.88 118.3 109.7

Corrected



Year : 1972
CH:=89.0/96.8%

Fuel/Use

011,PJ
-Stock, 103

-Spec Cons,GJ

Kero,PJ
-Non-CH, 103

-Spec.Cons, GJ

Gas,PJ
-Stock, 103

-Spec.Cons,GJ
Non/CH, 103

-Spec.Cons, GJ

Coal ,Coke,PJ
-Stock, 103

-Spec.Cons,GJ
"on/CH, 103

-Spec.Cons, GJ

Wood .PJ
-Stock, 103

-Spec.Cons, GJ
Non/CH, 103

-Spec.Cons, GJ

Elect,PJ
-Stock,103

-Spec.Cons,GJ
-Spec.Cons,MWH

-Dist Ht,PJ
-Stock,103

-Spec.Cons

Total ,PJ
GJ/dw
Share (%)

RESIDENTIAL ENERGY USE-SWEDEN

Heat

187.6
920/1248
130/54.5

2.69
30736
47 .5/35

2.27
12710
107747
0/12
-/43

1.83
15/5
75/50
12/
38/

13.72+[1.5]
90/10
85/50
83/25
55/40

8.48+[1]
193/37
39.2/24.6
10.9/6.8

22.88
15/540
85740

242.0(248.5)
73.3(75.2)
68

Population:8.122x10"

DI/cap:11,930

Hot Water Cooking
64.6 -
920/1248
35/26 -
0.53 1.08
12/15 360
25/15 3.0
0.42 -
13/5 -
25/18 -
2.06 0.48
75/10 160
25/18 3.0
5.04 7.06
250/45 2800
18/12 2.52
5/3.3 0.7
9.62 -
15/540 -
22/17.2 -
82.3 8.62
24.9 2.6
22 2

Dw:3.304x106

240

Climate Index: 97.4
Appl ¢ Total Corrected
- 252.3 257.3
- 2.7 2.77
- 3.88 3.95
- 2.25 2.3
- 17.75 18.17
28.13 49.7 50.0
3304
8.51
2.36
- 32.5 33.0
28.1 361.0 367.5
8.5 109.3 111.2
8



Year: 1975
CH:-92.8/98.0%

Fuel/Use

Oil,PJ
-Stock, 103

-Spec.cons,GJ

Kero, PJ
-Non/CH, 103

-Spec.Cons,GJ

Gas,PJ
-Stock, 103

-Spec.Cons,GJ
-Non/CH, 103

-Spec.Cons,GJ

Coke ,PJ
Itock,103

-Spec.Cons, GJ

Wood.PJ
-Stock, 103

-Spec.Cons,GJ
-Non-CH, 103

-Spec.Cons, GJ

Elect ,PJ
-Stock, 103

-Spec.Cons,GJ

-Spec. Cons,MWH

Dist Ht.PJ
-Stock, 103

-Spec-Cons

Total ,PJ
GJ/dw

Share (%)

RESIDENTIAL ENERGY USE-SWEDEN

Heat

160.5
960/1270
104/747.8

0.96
15/12
40/30

1.35
10.0/5
80740
0/10
0/35

0.59
6/5
65740

7.8+[2.5]
60+/5
70/40
70h[100]/20
40+[25]/30

13_1+[1]
310+[30]/53
39.1/19.5
10.9/5.4

29.9
29.1/683
89.1740

217.8(246.1)
61.8(69.9)
67

Population:g. 208x106

Di/cap:13,440 sek70

Hot Water

63.9
960/1270
32/25

0.41
10712
23/15

1.37
55/5
25718

7.02
350/60
18/12
5.0/3.3

12.3
29.1/683
22/17

85.2
24.2
23

Cooking

0.83
330
2.5

4.0

7.22

3010
2.4
0.7

8.41
2.4

Dw: 3.52x106

Climate

Appl.

30.4

3522
9.2

2.55

30.4
9.2

Index:

Total

224.4

12.0

58.7

42.16

341.7
97.0
92

241

88.5

Corrected

245.3

13.31

60.7

46.09

370.1
105.1
100



Year : 1978
CH:~97/99

Fuel/Use

oil,PJ
-Stock, 103

-Spec.Cons,GJ

Kero.PJ
-Stock,103

-Spec.Cons,GJ

Gas,PJ
-Stock, 103

-Spec.Cons

Coke ,PJ
-Stock,103

-Spec.Cons,GJ

Wood, PJ
-Stock,103

Spec.Cons,GJ
-Non-CH, 103

-Spec.Cons,GJ

Elect,PJ
-Stock, 103

-Spec.Cons,GJ

-Spec.Cons,MWH

-Non-CH, 103
-Spec.Cons,GJ

Dist Ht,PJ
-Stock, 103

-Spec.Cons

Total ,PJ
GJ/dw
%

NOTE: Appliance use

tric heating
2PJ of oil

ccording to EFH-81.
hot-water should be added to totals,

mary) .

RESIDENTIAL ENERGY USE-SWEDEN

Heat

153.8
907/1138
105.5/51.1

0.45
5/5
50/30

1.31
8.1/8+12
100/35

0.5
5/2.5
80740

8.28-+[11.5]

72.5+[300]/3
72/40
40/18

60+[38.3]/30

23_5+[1.5]
449/55
46.0/23.5
12.8/6.53
25/10
41/18

40.2
48/816
86744

241.0(221.6)
66.7(61.3)
(63)

Populatio

. 284x106

Di/cap :13,740 sek70

Hot Water

56.34
907/1138
32/24

0.31
9/10
24/12

0.16
5/2.5
25/15

1.7
72/3
23.6/15

10.1
523/65
18/12
5.0/3.3

15.4
48/816
20/17.6

84.0
23.2
24

with

Cooking

0.64
290
2.2

0.25
100
2.5

7.6
1500/1700
2.3
0.69

8.5
2.5

later years,
about 1.1GJ/dw (0.93GJ/dw useful,

242

Dwellings:3.62x10"

Climate: 108.8

Appl .

34.8
3615
9.66
2.67

34.8
9.6
10

source 0.3 Mwh/dw.

Total

210.1

0.66

21.73

77.5

55.5

368.1
101.1
106

Corrected

197.8

0.40

20.1

75.5

52.4

348.9
96.5
100

in non-electrically heated homes assumed to be 4.5 MWh/dw; elec-

in homes w/o electric heat as the principal
use and 2PJ of DH may have been omitted from apartments
For comparisons

About

in EFH-78,
this amount of heating and
1.3GJ/dw pri-
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SWEDEN: Residential Energy Use

Year: 1980 Population: 8-317x106 Dwellings: 3.66x10"
CH: 98.5/99.8% Dl/cap:14, 160SEK70 Climate Index: 111.6
Heat Hot Water Cooking Appl. Total Corrected
Oil.PJ1 135.2 48.6 - - 183.8 169.8
-Stock, 103 863/1043 860/1040 - -
-Spec.Cons,GJ 95.0/50.6 29.9/22.0 - -
Gas,PJ 1.12 0.3 0.58 - 2.00 1.9
-Stock, 103 7.8/12 7.8/10 8/268 -
-Spec.Cons,GJ 80/42 25/15 3/2.1 -
Coke,PJ 0.54 0.18 - - 0.72 0.61
-Stock, 103 5.5/2.5 5.5/2.5 - -
-Spec.Cons,GJ 80740 25/15 - -
Wood,PJ 9.27+[17.4] 2.3 0.2 - 29.2 26.4
-Stock, 103 90/2.5 90/2.5 100 -
-Spec.Cons,GJ 80/42 25/18 2 -
-Non-CH, 103 32+[400]/3
Spec.Cons,GJ 50+[43.5]/30
Elect,PJ 26.15+[1.75] 11.25 7.75 36.5 83.25 80.46
-Stock, 103 550/65 575/75 3300 3655
-Spec.Cons,GJ 46.4/25.4 18712 2.7/2.0 10.0
-Spec.Cons,MWh 12.9/7.1 5/3.3 0.65 2.77
Dist Ht,PJ2 41.8 17.2 - - 59.0  54.6
-Stock, 103 63/921 637921 - -
-Spec.Cons,GJ 79.0/40.0 20/17.3 - -
Total, PJ 233.2(209.0) 79.8 8.5 36.5 357.9 333.8
Gj/dw 63.8(57.1) 21.8 2.3 9.8 97.9 91.3
Share (%) 62 24 3 11

NOTES: 1) Includes 0.2 PJ kerosene for 3000 SFD and 3000 MFD. May exclude approxi-
mately 2PJ of oil that were included in 1981 and 1982.

2) Excludes approximately 2PJ of DH counted in 1981 and 1982.
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SWEDEN: Residential Energy Use in 1981 (Provisional)

Year: 1981 Population: 8-32x106 Dwellings: 3. 68x106
CH: 98.5/99.9% DI/cap:13, 820 SEK70 Climate Index: 107.9
FUEL/Use Heat Hot Water Cooking Appl. Total Corrected
oil,PJ 124 _.3p 43.8p - - 168.1 159.0
-Stock, 103 805/971 805/971

-Spec.Cons,GJ 95.1/68.9 28/22
Kero.PJ 0.2 - - - 0.2 0.2
—StOCk, 103 2/2
-Spec.Cons,GJ 50/40
Gas,PJ 1.0 0.3 0.5 - 1.8 1.73
-Stock, 103 7.1/10.5 7.1/2 3/250 -
-Spec.Cons,GJ 90/35 27.8/10 2.0 -
Coke,PJ 0.4 0.1 - - 0.5 0.45
-Stock, 103 4/2.5 3/2.5 _ _
-Spec.Cons,GJ 80/30 25/15 - -

ood,PJ 12.2+18.5/0.3 2 0.3 - 33.4 31.2
-Stock, 103 130/3 105/3 100
-Spec.Cons,GJ 100.3/43 25/15
-Non-CH, 103 25+[434]/4
-Spec.Cons,GJ 50+[42.7]/30
Elect,PJ 25.5+[3]/1.9 11.7/1.0 7.8 37.1 88.0 85.77
-Stock, 103 609/73 650/85 1600/1750 3680
-Spec.Cons,GJ 42.8/257 18712 2.7/2 10.1
-Spec.Cons,MWh 11.8/7 5/3.3 0.75/0.67 2.8
Dist Ht,PJ 421 18.5 - - 60.6 57.5
-Stock, 103 73.5/1003 73.5/1003
-Spec.Cons,GJ 71.4/37.1 20/17
Total, PJ 228.33(211.6) 77.5 8.5 37.1 352.8 335.9

GJ/dw 62.0(57.5) 21.0 2.3 10.1 95.9 91.3

Share (%) 63 23 3 11
Useful, GJ/dw 43.2 16.8 1.8 10.1 - 71.7
Primary, GJ/dw 75.5 29.2 6.5 29.1 - 140.3

AOTES. 1)

_n previous surveys but

included

Includes about 2PJ of oil and 2PJ of DH consumed
in EFH 1981.

in apartments not counted



Year: 1982
CH: 98.7/99.9%

FUEL/Use

Oil.PJ
-Stock,103

-Spec.Cons,GJ

Kero.PJ
-Stock,103

-Spec.Cons,GJ

Gas,PJ
-Stock, 103

-Spec.Cons,GJ

Coke ,PJ
-Stock, 103

-Spec.Cons,GJ

*>0d,PJ
-Stock, 103

-Spec.Cons,GJ
-Non-CH, 103

-Spec .Cons,GJ

Elect,PJ
-Stock, 103

-Spec.Cons,GJ
-Spec.Cons,MWh

Dist Ht,PJ
-Stock,103

-Spec.Cons,GJ

Total, PJ
Gj/dw
Share, %)
GJ/dw
GJ/dw

Useful,
Primary,

'TOTES TO 1982 Data:

SWEDEN: Residential Energy Use in 1982:
Population: 8 =33x106
Di/cap:13,550 sek70
Heat Hot Water Cooking
99.8 39.0
708.3/913.3 708.3/913.3
83.3/744.7 28/21
0.2
2/2
40/25
0.79 0.21 0.51
6.2/7 6.2/5 9.1/242.5
95/40 25.3/12 2/3
0.5 0.13 -
7.5/3
60/45 20/15
15.1+[17.4]1/0.5 2.9 0.2
112.8+[450]/7.5 100/7.5
89740 25/15
18/5
42/30
31.6+[4.5] 14.5 7.85
708+[751/78.7 760/80 3400
48/32 18/12 2.3
13.3/8 5/3.3 0.64
4.8/38.0 19.1
82.3/1036 82.3/1036
58.3/36.7 20/17
213.2(211.7) 75.8 8.5
57.6(57.2) 20.5 2.3
63 23 2.5
44 .2 16.6 1.7
79.3 29.6 6.3

These data are very provisional.

Provisional
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Dwellings: 3. 70x106

Climate Index:

Appl.

37.8
3700
10.2

2.8

37.8
10.2
11.5

10.2
31.2

Total
138.8

0.63

36.0

96.25

61.9

335.7
90.8

100.7
Corrected

138.2

0.2

1.5

35.8

96.0

61.6

333.8
90.2

72.7
144.7
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FIGURER/LIST OF FIGURES

Total Delivered Energy to the Residential and Commercial (‘'Other™, '"Ovriga')
Sectors. Values are for Sweden, with the shares of residential and commer-
cial given for select years. Source: Table 5.

Residential Electricity Use. Breakdown by Subsector. Subsectors are the
tariff/customer classes recognized by SCB in its yearly ElectricPower
Statistics. See text for explanation of how "net" consumption for farms and
building maintenance ('fastighets forvaltning) is defined.

Sweden: Breakdown of Electricity Consumption by End-Use. Source: Table 9.
Energy per Capita: Primary, delivered, net Source: Table 5.

Appliance Ownership Saturation In Sweden 1964 - 1980 Source: Table 9.

Real Residential Energy Prices in Sweden 1960-1982. Source: Table 10.

Real GDP, PCE, DI per capita in Sweden 1960-1982. Source: SCB.
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Derivation of Heating Structure and Energy Use 1978 - 1982.
Single- and Multi-family Dwellings in Sweden.

Lee Schipper

Introduction

On the following pages we present some of the figures and assumptions used to derive
the heating structure in Sweden for 1978, and 1980 - 1982. These are presented as
raw worksheets to assist readers of the main study in seeing how published Tfigures
are adjusted to give those used in the text. This note is not intended to serve as
a separate publication.

In the main text, trends in residential energy use in Sweden were analyzed based on
data gathered by an ongoing project to collect and analyze data describing residen-
tial energy use in the major OECD countries in the 1960-1983 period. Other papers
described herein and forthcoming discuss the residential energy use situation else-
where. References are found in the main text.

Details of the derivation of heating structure and use are given 1in the material
following. We used Energistatistik for Smadhus (ESH) for single-family dwellings
(SFD), Energistatistik for Flerfamiljshus (EFH) and Energistatistik for Lokaler
(EL) for multi-family dwellings. The 1980 Folk-och Bostads Rakning, the 1976/7 SIB
Building Survey, and other minor sources (SIFO for SFD for 1978 and 1981) were also
used for heating structure. Gas Statistik, and Energiforsoérjnings Rapporter, EI och
Fjarrvarme Statistik (EOF), all from SCB, are also used to determine consumption.

The basic method relies on the homogeniety of heat and hot water systems in Sweden.
In almost any dwelling or building heat and hot water are prepared by the same sys-
tem or fuel. Therefore, division of consumption by number of systems, or data from
surveys, yields unit consumption estimates for these purposes, which can be further
split by assumptions about hot water use reviewed in the text. To the extent that
the estimates of hot water use are incorrect, changes affect heating considerably
less since on the whole only 20-25% of the energy in the combined pool was deducted
for hot water. For this reason we do not analyze hot water in detail.

We used EOF to estimate electricity use in farmhouses, since ESH omits this item.
To do this we look at total consumption per farm subscriber and subtract a nominal
sum to represent farm machinery, about 800 GWH/yr during the last part of the 1970s.
This adjustment is discussed in the text. We also estimated apartment electricity
consumption from EOF, using direct deliveries, collective deliveries, and 25% of
building maintenance (Fastighets forvaltning). These estimates for the residential
parts of farm-consumption and building maintenance may be slightly too low, [leaving
total actual residential consumption as much as 0.3 - 0.5 TWH too low for recent



255

years. This error only amounts to about 0.8 - 1.2% of 1% of total consumption, so it

can be ignored.

The basic method for developing heating structure involves the modification of these
two surveys (ESH and EFH) to include all dwellings, estimating the numbers (and con-
sumption) of those classes of dwellings (new, rehabilitated, in offices (EL),
excluded from these surveys or counted but classified differently. For example,
homes using coke, gas, kerosene, and apartments using wood are counted as 'annat"
(other) by these surveys. After dwellings are counted according to the surveys,
they are reclassified, then "missing” dwellings and fuels are added in, the new and
rehabilitated dwellings added, and the totals presented. For several of the years
shown, unit consumption and total consumption by each type is shown.

Single-Family Dwellings.

ESH, the survey, covers homes built through a certain year, which may lag the year
of measurement by several years. For 1978 and 1980, the selection included only
dwellings registered in 1976 or before (1977 for farmhouses). Fo 1981 and 1982 more
detail was available, so the number of missing dwellings was much smaller.

To add in new dwellings, their numbers are estimated from loan data (-1979) or from
completion data (1980 - ), and are added to those in the surveys. The distribution
of two-family dwellings, which ESH counted as one house, is then estimated from spe-
cial, unpublished runs of SIB 76/77 (S. Hammarsten, priv. comm.) and ESH 1981 (G.
Bjorck, priv. comm.). These dwellings in two—family houses are added to the numbers
of houses given in ESH.. For 1978 and 1980 the number of dwellings that were reno-
vated after 1975 ie, removed from "mothballs" — and therefore not found in the
1978 and 1980 ESH sample are also entered.

Then the survey categories are reclassified for our purposes — mixed systems are
reassigned to their principal heating source (oil, wood, or electricity), the frac-
tion of each fuel®s share that is non-central heat is estimated, and the shares of
kerosene, gas, and coke are found. This can estimated from tables in ESH showing
principle system vs. principal fuel: Homes using oil but having no boiler were clas-
sified as non-central using kerosene; those using wood without a boiler and without
electricity were classed as wood (non-central); those with neither a boiler for the
common fuels that did not use any of these fuels were classified as "gas", while
those with solid fuel equipment that did not use oil, electricity, or wood were
classified as 'coke".

Unit consumptions for most fuels are given in ESH; for electricity use in farmhouses

we estimate using data from other SCB electricity surveys. Unit consumption for new
homes is estimated (as about 15% below that of the most recent vintage given in ESH)

and shown in the table. The totals — dwellings, unit consumption, total
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consumption — are shown first from ESH (“E-STAT"), then reclassified. We then add
2-family dwellings (whose consumption was counted in ESH), then rennovated dwel-
lings, new dwellings, then the grand totals. For gas we use data from SCB; for coke
(central) and kerosene (stoves), we guess using EK-667 as a guide. For "kvartercen-
tral” we use the unit consumption of homes with *only oil"™ reduced by about 20%,
since these homes tend to be smaller row houses. For district heat we use SCB data
for consumption in single family dwellings.

Apartments

For MFH, a similar procedure is followed. However, EFH did not initially given
numbers of dwellings, only heated net and gross area, the latter including garages,
non-dwelling spaces and offices in residential buildings. Like EFH, MFH also
excludes certain classes of dwellings, and covers a sample that tends to exclude new
construction over the previous years. However, EL contains the spaces and heating
systems/consumption of dwellings in buildings that are principally non:residential
in character. Since the 1982 EFH contains numbers as well as areas — ie, unit
areas — and the 1981 and 1982 EFH contain valuable comments about the coverage of
the sample, we can estimate the non-coverage in 1978 and 1980; by noting the
increase in the number of pre 1975 dwellings in the 1981 and 1982 surveys we esti-
mate that the dwellings omitted numbered 160,000 in 1978 and 107,000 in 1980, while
the surveys themselves covered 1.77 x 10~ and 1.80 x 10" respectively. There were
110,000 and 70,000 dwellings, respectively, in EL, and new construction amounted to
about 20,000 1in 1978 and 16,000 in 1980. (1980 details are not shown herein.) The
1981 totals, which contain buildings built through 1980, check well with the 1980
FOB; the same is true for 1982.

To estimate energy consumption, we note the breakdown of heavy (E02-5) and light
(E01) oil in 1979-1982 and derive an average energy content of 36.8 MJ/1 of heating
oil for apartments. For centrals (where only energy cost or actual metered hot-
water is shown) we assume that with combustion losses the actual consumption is the
same as that for buildings with and 80% combustion efficiency, so we wuse the oil
heating intensities. Knowing apartment sizes we can then break out hot water, by
assumption lying between 22GJ and 17GJ/apartment and year. For District heating the
total consumption is broken off directly. For electricity data are taken from elec-
tric power statistics, since those in EFH are incomplete. The same is true for gas;

wood and coke use are guessed.
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Errors arise because of both statistical errors in the ESH, EFH, and EL sampling
processes (discussed therein) and because we have had to guess the distribution and
consumption of homes not in those surveys. For SFD, these errors are greatest for
1980, where we add about 200,000 SFD to ESH. However, the assumed unit consumptions
are close to those for SFD built 1975-1977. Even if the wunit consumptions are
incorrect by 20%, these SFD represent only 15% of the stock, so the total consump-
tion error is of the order of 3%. Coke, gas, and kerosene together add to only

about 3 PJ of consumption; a 20% error is insignificant compared to the total for
all 1.6 x 106 SFD.

For MFD the lack of the numbers of apartments by heating system initially made esti-
mates difficult, since it was not possible to compare the coverage of EFH with the
census. Fortunately the estimates made herein of the size of apartments by heating
fuel (based on SIB 76/7 and FOB) were proven correct by EFH 1982. It is still pos-
sible, however, that roughly 5% of the number of MFD with oil or DH are confused
because survey respondents are unsure of definitions. Moreover, the total coverage
of the surveys in 1978 and 1980 is still uncertain, so there is an uncertainty in
whether total consumption, as given in EFH and EL, includes "missing"” dwellings or
not. For 1980 this error might lead to an undercounting of 2-3PJ of oil, altough LGC
estimated this oil use in his work. This undercounting may hide some of the drop in
consumption between 1980 and 1981.

With these generic comments, we turn to some of the raw tables showing how total
numbers of dwellings by Tfuel, and consumption, were derived for various years
between 1978 and 1982. The detailed description for 1981 and 1982 should guide the

reader to the actual counting procedures used.
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DERIVATION OF STOCK FIGURES, SFD, 1978

103 TOTAL DH CENTRALS OIL OIL OIL+EL GAS COKE WOOD WOOD+EL EL  OTHER
+WOOD -WOOD

E-STAT, 1403 45.7 26.7 603.9 171.9 8+16 - -> 84.2 150.3 287.5

Cio3)

RECLAS, 103 1403 45.7 26.7 -> 800 <- 9 5 63.0 25/110 2788

(non-CH) 72 - - - - - - - 16.2 15 25 8.2

GJ/dw - 98 120 144 < « <

2-FAM, 103 70 - - 43 (8 546) - -> 5 - 18 2

(non-ch) - - - - - - - 1 - 1

NEW, 103 40 13.0 1.3 5 x x) 0 -> 5 - 18 2

RENNOVATED 40 - - 20 G 5) - - s 4 5

(103)

TOTALS, 103 1552 58.7 28 907 (200 30> 8 5 70 <> 440

(non-CH) 70 - - - - - - - 40 25 7.0

Note: Figures separated by + refer to the division of multi-fueld homes into the
first and second fuels, respectively, or to the two(three) fuels used in a home

given under "oil"™ or "electricity".



103

E-STAT,106m2

, o

//, 103

Total PJ
IN OFFICES, 106m2

#, 103
PJ

TOTAL ESTAT,106m2

TOTAL, 103

PJ

NOT IN E-STAT*,
106m2

103
PJ

NEW, 106m2

1976/7 (excl SABO)
1978 (1/2)

NEW, 103

Unit Cons.,GJ/Unit

Total New PJ
TOTAL, 106m2
TOTAL, 103

(non-CH), 103

UNIT CONS, GJ/m2

UNIT CONS,
TOTAL PJ

GJ/UNIT

DERIVATION OF STOCK FIGURES:

TOTAL

128.2

1770

8.78
110

137.0
1880

13
6.75
19.75

2059
8)

DH
54.27

727
44 .1
1.28
15.8
1.08

56.0
743
45.2

0.6

818

0.807
60.8
49.6

CENTRALS

8.46

119
8.76
0.18
2.2
0.18

8.64
121

OlIL

61.35

867
63.4
6.71
83.9
6.86

68.06
951
72.3

1148

1.035
73.9
86.1

MFD, 1978

3.46 0.74
47.5 10
.14 .48
1.8 6.1
3.6 1.22
49.3 16.1
4.2 22
4 0
57.5 46.5
.- (28)
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HEATING STRUCTURE IN 1980

The heating structure is derived in the following sections.

Single Family Dwellings

The following procedure was used to estimate the heating structure and consumption
for 1980 for single-family dwellings. SCB"s Energistatistik for Smahus 1980 CE: 1981
13.3, Dec. 1981, herewith called ESH) was used to determine the heating structure of
all houses built through 1976 as well as farmhouses built in 1977, of which there
were very few built in 1977. Then the SCB reports "Laneobjectstatistiken”™ (LOS) for
each year hence were used to estimate the heating systems in the dwellings built

with state loans granted in 1977-1980.

For each year the total number of dwellings finished, not necessarily the same, was
also found in SIND "Energioversikt 1981". ~ (Between 7 and 13% of all homes are
built without state loans). The data on houses are divided into those built by own-
ers and those built in groups (ie, by developers); the average heating structure for
these groups was applied to the remaining dwellings. Using this approximation the
number of dwellings added to the stock in 1977-9 and half of those built in 1980

were added to the heating stock.

Homes with oil include those with only oil and those with oil and one back up (wood
or electricity, respectively, in the table) or withboth backups (counted under
oil+wood). Kvartercentral (heat centrals) were added to these. The number of homes
with district heat in ESH as 48,000 at the end of 1976, about 10,000 higher than
that given by SIND or SCB. Accordingly it was assumed that this many were confused
with heat centrals by interview respondents, so the latter number was increased by
10,000. Both types were then increased by the procedure described above to account

for newly built homes.

The number of gas heated homes was given by SCB; the number of coke and kerosene (or
LPG) homes (the former with central heat, the latter without) were estimated as
5,000 each based on the residual '"other™ in ESH. These "other" (‘‘annat') were homes
that both had no central system for wood, oil, or electricity and did not use any of
these as fuels. A large number (circa 25,000) had no central system but used elec-

tricity or electricity and wood. It was assumed that all new homes had central heat
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and none used kerosene or coke.

Electrically heated homes were counted similar to oil-heated homes, with and without
backup. The total using electricity as a principal fuel agrees quite well with the

number of SFD registered for electric heating by utilities and given in EoF 1980.

Wood heated homes were either counted as those using wood as a single source or
those wusing wood as a back-up for another source. A small amount of fuel here

(~0.2PJ) was used for cooking.

By this procedure the total number of SFD in 1980 (mid-year) becomes 1.481 x 108.

Compared with earlier years or with a simple extrapolation of the 1975 census
there is a paucity of approximately 112,000 dwellings; however, when 2 family dwel-

lings and rennovated dwellings are put in, the total becomes to 1.61 x 10®, close to

that in FOB.

The Table for SFD shows the manipulations that were used to add the pre-1976 and
post 1976 stock in 1980. It was assumed that post-1976 dwellings used 20% less
heat+hot water than the average of those existing before 1977 for each system/fuel
combination. The total stock-wide energy intensities are averaged for each system.
Finally, they are aggregated over principal fuel, and back-up is shown both accord-
ing to principal fuel backed up and with total consumption for each fuel. Thus

energy/dwelling for single- and multiple-fuels can be estimated.

The total number of dwellings given in ESH (labelled "ESTAT") and their its by fuel
used is shown first; among '"other" we break out gas. Specific consumption is given
in ESH for all individual systems; we estimate kv. cent, at 110 GJ/dw and calculate
DH from EoF, based on our total number of dwellings. Gas data are given in SCB
""Gasstatistiken”, while coke and kero are given based on assuming that the coke
houses have central heat with water, the kero (or LPG) houses stoves only. There
are about 18,000 homes in ESH that do not have wood, oil, or electricity-based sys-
tems and do not use any of these fuels as a pricipal fuel, of which nearly 8,000 use

gas. Estimates from EK67 are used for specific consumption for kero and coke.

When adjustments are made for back-up fuels in the stock of electrically heated
homes we found 492,000 of these; SCB (El och Fjarrvarme Statistiken, [EOF]) listed
541,000; we add two family dwellings to the ESH data. Differences between ESH and

EOF arise because of the definition of electric heating subscriber; these are
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discussed in the 1981 and 1982 notes.

For electrically heated homes 5,000 kWh/dw has been removed to reflect appliances
and cooking; for all the remaining dwellings the consumption reflects heat and hot
water. More recent evidence (see 1981 notes) suggests that this overestimates
appliance use by about 500 kWh/home, or nearly 0.5 TWH (~2GJ) for all the non-
electrically heated homes. This electricity is actually used by about 50,000 homes
as "hidden heat"™ (“'dold elvarme'™) using roughly 8 - 12,000 kWh per home, too little
to make electric heating subcriptions economically attractive. Much of this may

have been consumed by farms.

Oil, gas, and DH consumption figures also include hot water, while 75,000 (acccord-
ing to ESH) of the wood-fired homes use central boilers that we presume provide hot
water as well. When the numbers of each kind of these dwellings are multiplied by

their specific consumptions, the totals in PJ are obtain that are shown.

To bring the stock up to date we also show additions by fuel type, under new, below.
Assuming that new use 20% less than the stock average, not unreasonable considering
that the 1975 building code, covering all homes built after 1976, required a far
greater reduction in heat losses compared to pre-1977 construction. When the age of
the stock and the modifications since 1973 are considered, however, as well as the
large (~25%) share of energy that goes to hot water, this estimate of a 20% reduc-
tion in total energy seems reasonable and agrees with the rough reduction seen in

ESH-81 for homes built in the most recent years.

Total consumption in all homes is given in the next section, along with the specific
consumption obtained by averaging existing and new dwellings not covered by ESH.
Note that figures are give to show specific use of each fuel in each combination;
these may be added to obtain the total energy use measured at the building boundary

per dwelling.

We then aggregate the multiple systems by principal fuel; electricity, oil (includ-
ing kv. cent.), wood, district, gas, coke and kerosene. The number using a given
fuel as a backup fuel is given, followed by the number for each principal fuel that
also use a back-up. Because some dwellings use three fuels the former is greater
than the latter. Then all fuels are added to show the average consumption/dwelling
for each dwelling according to principal fuel but including back up. (We ignore

back-up fuel in dwellings using Kv, DH, kero and coke but there is certainly some
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electricity used here.) Then the total consumption of each fuel, aggregated by prin-
cipal fuel and in each kind of dwelling, is shown. The first row cannot be added to

the next three. The results are shown in the SFD Table.

Multi-family Dwellings.

The basis of this survey is the Energistatistiken for Flerbostadshus, » This docu-

ment gives the heated areas of all apartment buildings finished through 1978 as well
as those from Almannyttiga Bostadsorganisationer through 1979 (who comprise roughly
40% of the total stock). Additionally EI- och Fjarrvarmestatistiken (EOF) appears
yearly with consumption of electricity and district heating in apartments, as well
as number of subscribers. The latter are used to resolve conflicts in the data dis-

cussed below.

In 1978 there were about 2.05 x 10" apartments in MFD or in non-residential build-

ings; some of these were not covered by EFH (an unknown fraction) because they were
in buildings with more than 50% of the area used as offices, others because they
were too small; we guess that these numbers might comprise 100,000 dwellings. Thus
the basis for the present statistics is somewhat uncertain. Dwelling numbers are
not given in ESH-80, only areas. However, this uncertainty appears to have been
resolved in 1982; we used information from that year to estimate the area/dwelling
in 1980. When this information is included the total number of dwellings becomes
about 2.05 x 10”, close to the numberr in FOB-80. Thus there was almost no change
inthe number of dwellings between 1975 and 1980. Total consumption in these dwel-
lings for oil heat, district heat, and in a few cases kvarter central (groups of
buildings heated by a common oil fire) and electric heat are given, as are unit con-
sumption (energy/floor area). Lars-Goran Carlsson added up oil consumption indepen-

dently using EFH and EL; ultimately we adopted his figures for consumption.

In the present work we used data from other SCB publications to determine the mid-
year number of apartments using gas, and to estimate the consumption of electricity,
because the EFH electricity data are very incomplete. The number of gas-heated
dwellings lies in ‘"other”™ in EFH and is not studied by them. The number of DH-
dwellings given by SCB in DH data is considerably smaller than their proportion in
the total heated area in the EFH, but this turns out to be well explained by

differences in area/dwelling. The number of electrically heated dwellings agrees



264

very closely with the number given in SCB Elstatistiken; the remaining must be
heated by oil. These relationships are constant through the years covered by EoF

EFH, and SIND.

The calculations are shown in the MFD Table. First we show the midyear (my) figures
for numbers of apartmennts as given by SIND; for comparison endyear numbers of dis-
trict heat apartments (EoF) are shown in parentheses. (SIND does not breakdown
"other"™ into oil, centrals, gas, or other fuels.) We also show EFH figures for each
year, calculated by applying shares of total dwelling area (dw.area) to SINDs fig-

ures of total dwellings.

For 1980 we show the EFH living areas in each heating system, the percentage, and
the total heated area in all building for each heating systems. We add dwellings in
non-residential buildings and new dwellings. For completeness demolitions in that
period, mostly of oil and ‘'other", are also shown. Then the numbers actually
adopted are shown; specific consumption is used to derive total consumption for oil

and kv. centl, while sales are used to calculated electricity DH, and gas use.

For consumption, EFH gives the total consumption of oil in ° and an estimate of the
breakdown between light oil and heavier oils, allowing a rather precise conversion
to energy units with light oil at 35.6 MJ/liter and heavy oil at 38.9 MJ/1. We
reckon dwellings with kvartercentral as those heated by their own oil fires, using
the proportion of area in each kind to approximate the fuel consumed for these dwel-
lings. Kvartercentral are more efficient at converting fuel to heat than apartment
boilers, but there are some local transmission losses. Those few apartments whose
consumption/area from heat bought from kvarter central use about the same amount of
heat as dwellings in buildings with their own fires burning at roughly 80% conver-
sion efficiency. However, EFH shows only purchases of heat, or purchased energy,
not losses. These numbers (marked with *), when adjusted for 80% boiler efficiency,

yield about the same energy/area as those for own boilers.

Total consumption of electricity for heating and hot water is taken from EoF using
the year total consumption of electricity in the apartments with electric heating,
minus the average for dwellings without heat to account for cooking and appliances.
Total consumption of DH is also taken from EOF, but for 1981 and 1982, uears for
which the EFH+EL sample is nearly comlete, this figure is close to that figure given

in EFH for 1981 or 1982.



265

EFH covers apartments that were finished by 1978. To add 1979 and 1980"s production
we note that the shares of fuel sources in dwellings granted funding in 1978-80 are
available; we assume that these shares can be applied to dwellings completed in 1979
and 1980. For 1979 only 60% of the new dwellings are added, for 1980 only 50% to
account for partial inclusion of 40% of the stock in 1979 (SABO) and the Tfact that
we used mid-year dwelling numbers for 1980. These additions are shown below. When
the total consumption of district heating given in ESH is compared with that given
by SCB-EL it is found that the former is a little less than the latter, correspond-

ing to the somewhat smaller number of dwellings included in the ESH.

RESIDENTIAL ENERGY USE IN SWEDEN IN 1980

To assemble 1980 energy use, we Ffirst determine the heating structure, separating
dwellings by type and whether or not they have central heat, as well as by fuel.
Energy use for heating and hot water is taken from a variety of surveys. Then we
split hot-water and heating, based on EBU and other material discussed in the text.
Cooking energy is taken from gas and electricity-industry statistics; the remaining
electricity is assigned to appliances. The results for 1980 (and many other years)
are shown at the end of the main text. We review here the method for each source or
end-use for 1980. Similar information was used for 1978, 1981, and 1982, while for
earlier years more appoximations were used, owing to the lack of surveys of both

heating structure and unit consumption.

Oil. Consumption in SFD is estimated from SCB/ESH with consumption in post-1976
dwellings estimated at 80% of pre-1976. Hot water assumed at 30% of corrected con-
sumption. MFD consumption calculated from SCB/EFH using their value of 1.04 GJ/m2
net living area corrected upward for 12% greater total area/ building and multiplied
by 62 m2/dwelling. [Includes "kvartercentral™ (heat centrals). A small number with
wood, Kkerosene, or coke may be included. Assume 33% of corrected consumption in

apartments goes to hot water.

Kerosene and coke. SFD estimated by noting that SCB/ESH finds a number of SFD that
did not have a central system (“panna"™ or electric) and did not use wood or electri-
city. Of these 18,000 nearly 8,000 used gas in 1980. We assume that 5,000 of the
rest used kerosene (fotogen) or LPG (gasol) and that none had central heating.

Those using an unspecified fuel that had a central system that could use wood were
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assumed to use coke. The number of apartments with these fuels is unknown, but we
suspect there were a few thousand with coke-fired systems and a few thousand with
kerosene stoves. The total consumption TFigures shown add to about 80% of the

residential/commercial deliveries of thee fuels.

Gas. MFD: Gas data are from SCB; the number of apartments with heat was estimated
from total consumption of heating subscribers divided by estimated 40GJ/dwelling;
5,000 hot water heaters estimated based on surveys of gas utilities conducted by LBL
covering period through 1979; unit consumption estimated from German data, and
agrees with material from Stockholm. MFD without heat assumed to have stoves only,
which probably introduces a small error by missing some hot water heaters; we assume
very little central heat/hot-water systems. Number of SFD given in Gas statistics
of SCB, using average of 1980 and 1979 year-end totals; all assumed to have central
heat and hot-water heaters; stoves in these dwellings counted under cooking, with
unit consumption based on data given for a few hundred SFD gas customers without

heating.

Wood. We assume all wood consumed in SFD according to patterns given by ESH. Con-
sumption in post-1976 homes calculated at 80% of the pre-1976 stock averages in ESH,
with shares as primary or back-up fuel estimated from ESH and new construction data.
From ESH it is known that about 28,000 dwellings use wood or wood or electricity but
do not have a boiler or combi-boiler (panna, combipanna); these are assigned non-
central heating or stoves, producing no hot-water. From the remaining 75,000,
20GJ/dw. are subtracted for hot-water production. The average heating therefore

reflects central and non-central heating.

Additionally 14.82 PJ was consumed in homes with oil or electricity as principal
heating fuels; these are shown and counted in the total heating for the entire
stock. Finally, 66,000 SFD are assumed to have wood cooking stoves, based on the
saturation of gas and electric stoves/ovens. It is not known how often these are
used. 3 GJ/dw is estimated as unit consumption, and the resulting 0.2PJ drawn from

the total wood used as a back-up fuel.

District Heating. SCB-EoF gives the number of DH subscribers at year end 1978 and
1980, and total consumption, for SFD and MFD. Total numbers of dwellings are also
given. ESH gives a greater number of SFD with DH that existed in 1976 than can be
accounted for by those that existed plus conversions; when new DH SFD are included

the total is far greater than given in SCB-EOF. Consequently the SCB-EOf figures
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are used and the difference ascribed to confusion between heating centrals and DH.
10,000 dwellings are added to centrals and counted with oil. For MFD, the unit con-
sumption obtained from multiplying the specific consumption given in EFH by 62 m’ /dw
agrees well with that obtaining by manipulating the consumption and number of dwel-

lings given in EoF.

Hot water was subtracted from heat by assuming 20GJ/dwelling for SFD (about 20% of
total consumption) and 17.3 GJ/dw for MFD, based on an estimate by Stig Nilsson of
HSB, Stockholm.

Electricity. Total electricity consumption comes from EOF, 1981. We count all
agricultural households though the number of subscribers is significantly less than
the number of homes on farm property given in SCB:ESH. To this is added all con-
sumption from other SFD. For MFD, all consumption including collective deliveries
is added to 25% *“‘fastighets forvaltning™ (building maintenance, 1ie. collective
spaces in apartments), Summing these gives consumption in all permanent dwellings as
well as a number of secondary residences. (SCB counts summer homes separately;
these are not included here.) Because of dual subscriptions and secondary
residences, the number of subcribers overestimates number of dwellings. Thus the
unit consumption Tfor appliance electricity is based on first the number of homes

counted as electric subscribers, then the number counted in the heating data.

Electric heat/hot water consumption for SFD derived from ESH; For MFD it is taken
from EOF noting for each kind of subscriber the unit consumption with and without
heat; the values without heat are subtracted from those with heat to obtain
heating+hot water, weighing average of direct and collective deliveries for MFD.

Water heat is subtracted based on assumptions (see below) to obtain space heating.

So-called hidden heat, or electric heat from portable or permanent heaters used in
homes that do not use enough electricity to get the electric-heat tarriff (“dolda
elvarme™) is considered here as explained above and in the notes for 1981 and 1982.
The ESH survey asked respondents both what they had for principal heat system and
what fuels they actually used. The number of respondents who did not have electri-
city as the basis for their principal heating system, nor had a combi-boiler for
fuel and electricity, but who declared they used electric heaters for a secondary
source (Tabel 17 and 32 in ESH) is about 25,000. But 34,000 homes said they used
electricity as a back-up for oil or oil plus wood. While it is likely that some of

the latter group used more electricity than fuel, it is also likely that many of the
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new homes not counted in ESH-80 used some electricity for hidden heat. Hence we

believe that 50,000 SFD with hidden electric heat is a reasonable estimate.

Hot water is assumed to be electric in all electrically heated dwellings, and sub-
tracted at 3.3MWH/MFD and 5MWH/SFD based on EBU 1975. We estimate that an 300GWH is
consumed for water heating in homes not heated with electricity (~60xI0~ hot water
heaters @-5000 kWh/device). These are indicated in several surveys carried out by
Vattenfall under 'separate hot-water'™; in 1978 we counted 100,000 of these but
assume that at least 50,000 are now counted through our increased counting of

electrically heated dwellings, namely, those using electricity as "hidden heat".

Electric stoves are estimated to use 750 kWh/unit, 900 in SFD and 550 in MFD, some-
what higher than used in CDL but consisent with earlier studies and data from Den-
mark. The numbers of dwellings are extrapolated from CDL81 data for 1978, keeping

in mind the decrease in gas stoves and increased use of wood in SFD. The satura-
tions for SFD and MFD are applied to 1.48 and 2.09x10® dwellings respectively.

When the totals for heat, hot water, and cooking are subtracted from total electri-
city, the remainder is ascribed to appliances. Hot-water preparation in washers (as
much as 400kWh/SFD with both kinds) is included here for consistency with data from
other countries. It 1is not known what fraction of washers heat their own water.
Additionally the total consumption in secondary dwellings is left in, since it can-
not be properly separated out. Thus two figures are given for electricity per dwel-
ling, one based on the number of dwellings used for estimating heating structure,
the other based on the total number of subscribers to electricity. The latter is

used in calculating the the ratio of appliance electricity to disposable income.

Climate corrections were made by dividing actual heat consumption by the ratio of
degree days to those in a normal year, 1.116 for 1980. This differs somewhat with
methods used by SIND and elsewhere. The Ffigures in the "heat" column are
uncorrected, but all vratios and indicators apply to corrected heat and total con-

sumption. Totals shown for "corrected"” may be re-worked with the information given.
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DERIVATION OF STOCK FIGURES, SFD, 1980

TOTAL DH CENTRALS OIL OIL OIL,EL GASCOKE WOOD WOOD EL OTHER
+WOOD -WOOD +EL
E-STAT 1345 48.97 20.24 457.33268.4215.5+8.9 - - 101.36 154.88 250.0617.55
(103)
GJ/DW
PJ -> 98.75 < <
RECLASS 48.97 20.24 752.12 <- <- 7.46.5 79.4 39.3+109.,7250.06 -
(io3)
(non-CH)31.5 - - - - - - - 22.0 6.5 3
2-FAM 60 - 44 = < . 4 6 30
(103)
NEW 140 24 2.5 16 8 <- - - 1 6 82
(103)
RENNOV 62 - 36 <+ < b v 5 7 14
(103)
(non-CH) 3 - - - 2 1 -
TOTALS
103 1615 63 - 863 < <~ 7.85.5 122 <> 550 3
GJ/DW 99 -> 124.9 .. e 115 105 105CH e 46.0CH 50K
* * % * % .. w ew .. .. 50non-CHw . *
PJ

Note: Figures separated by + refer to the division of raulti-fueld homes into the

first and second fuels, respectively, or to the two(three) fuels used in a home

given under "oil or "electricity".



103
E-STAT,
(Total)

/I, 103
(Net)

-

IN OFFICES,106m2
#, 103

TOTAL ESTAT, 106m2
TOTAL, 103

NEW, 106m2

NEW, 103

NOT IN ESTATx106m3
NOT IN ESTAT,103
TOTAL, 106m2
TOTAL, 103

®

UNIT CONS, GJ/m2

UNIT CONS, GJ/UNIT
TOTAL PJ

NOTE:

component.

DERIVATION OF STOCK FIGURES:MFD,

TOTAL DH
106m2 132.9
1888(?) 848
116.9 54.1
% 100
7.33 1.08
67 (?) 10
140.2
1955 858
1.1
23.6 16.0
3.5?
67? 40
144.8
2042 921
100 45.1
.. 0.81
60.45
55.7

61.9

69.8
4.6
46.5

0.15

1.35

51

->

—_—>

0.73

52.05

->

5.06

900
54.1
3.93

5.39
49

949

1040
51

1.04
73.4
76.3

Consumption of electricity very uncertain

61.8

48.9
3.2
46.3

0.18

1.8

51

2.4

16

63
3.1

0.71
53.3
3.4

because

1980

CENTRALS OIL ELECTRIC OTHER:

3.46

10.5

0.7

2.75

0.53
4.8

26->

0.1

->

of
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GAS WOOD  COKE
0.80

0.6

12 5 2

4.3/2.7 2.5/3 2.5/2

non

0.3 0.3 0.2

heating/hot-water

Consumption of centrals estimated as close to that of oil.



DERIVATION OF STOCK FIGURES:

TOTAL DH CENTRALS

-STAT.103 1575 267.1 20.4
GJ/dw - - 131.7
PJ - - 2.7

CB. 103 1630 73.5 —

PJ - 43 -

-FAM. 103 38 - -

eclass.lOP” 1630 67.1 ->
(non-CH) (33) - -

EW 103 17 4 0.25
GJ/dw — 80 100
PJ - 0.32 0.025

OTALS, 103 1630 71.1 (20.6)

) 100 4.4 (1.7)

j7dw 108 130 123.10

Backup)

otal, PJ -  4.62 ->

Backup)

OolL

495.0

139.4

690

20

803.3

1.0

100

1+

804.5

49.4

+12.93w+

990+

10.4w+1.09e

SFD,
OlL OIL,EL
+WOOD +WOO0D
218.7 30.6/18.5
103.40+ 91.80+

43.7w 17.0w+22.25e

22.60+ 4_.510+
9.55w 1.09e
<- <-
<- <-
<- <-
80 <-
0.02w <-
(220) (50)
(13.4) (3.1)
- 107.8
11.35e

<-
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1981
GASCOKE WOOD WOOD  EL [OTHER
+EL
- - 126.1 189.1 394.8 14.85
- - 112.5 42.7w 69.55e 50
+46.22e
- - 14.2  8.0w+ 27.46e
8.74e
7.0 - — - 561.0
0.8 0 0 o [ ] -
- - 3 - 5 -
7.1 6 129.1 189.1 409.8 2.0
- - () ®) - @
0 o o4 1.651 10.02
0 0 8 35e+30e 50 -
0 0 0.03 0.06w+ 0.50

0.05e

7.1£.5 129.5 190.8 419.8 2-04

0.4C1.4 7.9 11.7 25.7 0.1

100110 46.le+ 66.6e 50

42 .25w

0.80.7 14.23w 8.79%+ 28.0e 0.1

8.06w

142w
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NOTES: 1) of which 0.65 wood, 1.0 electricity; 2) of which 0.5 heat pumps; 3)
approximate number of dwellings in two-family dwelling buildings by fuel, as extra-
polated from SIB 1977. These are not broken down by fuel combination. 4) probably
kerosene

Figures in parentheses are not to be counted in row or column totals, but instead
represent subsets.

The total for oil includes centrals and combinations with other fuels. The figures
for electricity and wood include 50,000 existing wood + el (and 500 new) counted as
wood in the 1981 matrix. We estimate that about 30,000 of these and the 50,000 using
oil and electricity were not ‘'electric heating"” customers, using "hidden (dold)
heat”. Vattenfall estimates hidden heat to use about 3PJ of electricity, which is
averaged over the more than 10" non-heat SFD. If 750kWh/dw is subtracted from their
use, we obtain the average use in homes without any electric heat, 4.5 MWh/home.
(This figure is subtracted from the electricity use figures given in ESH for each
home that did use electric heat to get the heat (+ hot water) portion.) If these use
100GJ wood and 20.7 GJ el each, then the remaining wood + el homes use 21.7GJ wood
and 55.2 GJ el each. Using this ™reclassification” we arrive at 180,000 ‘wood
heated” homes (50,000 with electric as a secondary source) and 560,000 "electri-
cally” heated homes, of which 140,000 have wood as well. In 1981 there were approxi-
mately 560,000 SFD subscribing to electric heat. Under this scheme the "wood"
heated homes 96 GJ/dw wood (17.23 PJ wood and 1.04PJ el) while the electrically
heated homes used 63.7 GJ/dw el (total 35.7 PJ el and 3.1 PJ wood). The intensity of
electricity use agrees well with that given by SCB for electrically heated homes in
1981. We presume that as many as 25,000 wood and oil heated homes used electricity
for hot water.

Non-central heating is counted as homes using only wood without any boiler, or those
using no boiler and no wood (and not gas), and a small number of electric and elec-
tric + wood combinations.



E-STAT, 106m2
Area/unit3

#, 103

UNIT CONS, GJ/m2
UNIT CONS, GJ/dw
TOTAL CONS, PJ

IN OFFICES, 106m2
/I, 103
UNIT CONS, GJ/m2

TOTAL CONS, PJ
TOTAL, 103

TOTAL #, 103

NEW, 106m2
NEW, 103

UNIT CONS, new3, GJ/m2

DERIVATION OF STOCK FIGURES:

TOTAL
142.2
71.26
1995.6

5.35
47.63

4.4
147.33
2017

0.6
8.8
0.69

UNIT CONS, new, GJ/UNIT

TOTAL new, PJ

TOTAL, 106m2
TOTAL, 103

-
(non-CH)4,103

UNIT CONS, GJ/UNIT5

TOTAL PJ

0.41

148.1
2052
100
10.5
62.2
127.7

DH
68.4
72.98
937
0.77
56.2
52.7

1.86
16
0.84
1.60
70.26
953

6.5
0.86
45
0.36

960
47

DH
54.66

MFD,

1981
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CENTRALS OIL2 ELECTRIC OTHER

4.57
72.43
63.1
(0.79)
(69)
4.62

0.05
0.4

0.98
0.05
5.62
63.5

0.9
0.86
56
0.05

64.4

KVC
4.56

62.9
68.58
905
1.01
69.3
63.5

2.82
26.09
0.98
2.75
65.72
931.1

0.5

56
0.03

931.6
45

OIL
64.8

4.74
70.83
66.9

0.29

5.03
69.9

0.95

70.9

<3755
(2.9)5

1.63 <- <-

22.9

0.32

1.95
25.9

26:4 3 3
1:
6.5 3 1
35 73/30
0.39 0.3 0.1
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NOTES: 1) In from SIB 1977, average gross floor area (vaningsyta, vy) per dwelling
was 88.82 m2 for DH, 79.65 m2 for oil and centrals, 72.71 m2 for electric, and 87.75

m2 for "other". Relative to the average (83.81 m2 vy or 75.43 m net floor area

(lagenhets yta)), these Ffigures were 1.06, 0.95, 0.869, and 1.047. These figures
can be used to transform the relative heated area of apartments into relative
numbers. In FOB-80, there are 1,995,600 apartments in residential buildings and
48,000 in non-residential buildings. From this figure we derive the average heated
floor space per apartment (including about 13% non-residential space in apartment
buildings), and from the differences in rooms/dwelling for each kind of heat in
residential buildings, (3.232 for all apartments, 3.31 for DH, 3.29 for centrals,
3.11 for oil, 3.21 for el) we estimate differences in area, and thereby the average
area/dwelling, thence the number of dwellings from the areas given in EFH. For 1982
the actual values were 1.03, 0.972, 1.003, and 0.99, as given by EFH. These values
are remarkably close to those obtained by averaging the the values derived above
from SIB with those derived from FOB.

2) Using the total quantities of #1 and #3-5 oil given in EFH, the average energy
content of oil used was 36.54 MJ/1.

3) Estimated by the author, based on unit consumption for the most recent buildings
(76-80) and an average new dwelling size of 68m2 total heated area.

4) Gas from gas statistics; coke and kerosene estimated from delivery statistics and
1980 FOB (for kerosene non-central). Central heat with wood estimated from 1980FOB;
residual of non-central not gas or kerosene thought to be wood (kakelugnar, stoves),
and probably some electricity as well.

5) From Elec, and Dist. Heat. Stat., including all individual and collective
deliveries as well as 1/4 of "fastighetsforvaltning”, excluding 2.5 Mwh/apartment
for appliances.



DERIVATION OF STOCK FIGURES

TOTAL DH CENTRALS OIL  OIL OIL,EL
-WOOD -WOOD
r. 1572.0 70.6 20.1 388.0 175.8 105.8
dw - - 132.8 89.4 80.71
lip) +48.74w  +13. 1w
+28.37e
- - - 75.78 (15.7)  (8.54)
+8.57w +1.38w+3e
+3e
B, 103 ’ 80 _ _ _ _
LYl 35 0 0 15 <- <-
ss. 103 1607 70. > 704.7 <~ <-
dw - 82 125.0 127.9 89.4 80.1
- - (2.51) 78.29 ( ) ')
D3 -1982 14 3.4 0.28 0.5 0.34 <-
-1981 34 8.3 0.5 1.3 0.6 <-
dw - 75 100 105 70 <-
- (0.66) 0.084 0.25  <- <-
+0.03w+0.01e
5, 103 1655 82.3 (20.94) 708.3 (283) <-
) 100 5.0 (1.3) 42.8 (10.7) (6.4)
- 79 124 110.9  <- <
P> 48.7w 13 .1w+28.4e
PJ - 6.48 (2.59) 78.62 < <

JP)

10w+ 3.0e

FOR HEAT AND HOT WATER,

SFD,

1982

GAS COKE WOOD WOOD

6? —

6.2 6.5

0.7 0.65

0 80

+EL

121.0 211.9
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EL OTHER

448.6 30.2

119.045.32e+ 69.12 -

4572w

45.72w

14.4

+9._69w

+9.69w

126 211.9

115 -

0.5 1.4

1.0 3.3

100 35e+30w

9.6e 31.0le -

6357 -
15 0
463.6 17.5
66.9 -
7.6 0.3
18.5 0.56
50 -

0 0.040.15 0.165e 1.3le -

6.2 7.0 127.8

0.4 0.4

- 99

~0.7-0.714.55

0.14w

216.1
7.7 13.1
114 45_0e
45 . 4w
9.77

9.83w

492.5 18.42

29.8 1.1
66_0e (50)
32.3 -
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NOTES: 1) approximate number of dwellings in two-family dwelling buildings by fuel,
as extrapolated from SIB 1977. These are not broken down by fuel combination. 2)
probably includes 2000 kerosene; gas and coke have been removed.

Non-central heating is counted as homes using only wood without any boiler, or those
using no boiler and no wood (and not gas), and a small number of electric and elec-
tric + wood combinations, about 15,000.

Figures in parentheses are not to be counted in row or column totals, but instead
represent subsets. The total for oil includes centrals and combinations with other
fuels.

The totals for electricity and wood include 50,000 existing wood + el that used more
than 11 m~ of wood and had electricity and a wood boiler. These are probably not
electric heating subscribers, nor are most of the el + oil + wood users (37,500) or
el + oil users (68,300). Instead, they fall into the "hidden heat" category. Aver-
age consumption in the latter two groups was somewhat less than the 15,000 kwWh/yr
(including appliances) that makes electric heat subscription profitable. Altogether
these 155,000 homes represent approximately the excess of electric heating users
over the estimated number of subscribers in 1982 (mid-year). We classify all that
use oil as "oil", and we devide "electric + wood " by noting that 50,000 homes using
an average of 100 GJ of wood and 20.7GJ of electricity (those using about 21 m of
wood or more) as we assumed for 1981) account for 5PJ of wood and 1.04 PJ of elec-
tricity, while the remaining wood + el homes (162,000) consumed 29 GJ/dw of wood and
54 GJ/dw of electricity. It is assumed that SFD with no electric heating or hot-
water used 4.6MWh (16.6 GJ) for appliances and cooking.

Thus 635,000 homes using electricity consumed 40.24 PJ of electricity as heat and
10.5 PJ for appliances, for a total of 79.9 GJ/dw or 22.2 MWh, close to the value
estimated by Vattenfall. Another 155,000 homes consumed 4.85 PJ of electricity as a
second fuel. Total oil consumption was 78.62PJ, while total wood consumption was
34.38PJ. The value for district heating consumption, from SCB, was presumed to
cover all dwellings herein, although the mid-year SCB estimate, 81,000 dwellings,
was slightly less then our own. Gas consumption was estimated from the 1981 SCB
statistics (pending 1982 data), and coke was estimated from the 1982 delivery
statistics
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DERIVATION OF STOCK AND CONSUMPTION FIGURES FOR HEAT AND HOT WATER: MFD, 1982
TOTAL DH  CENTRALS OIL1 FE|ECTRIC OTHER
(Gas Wood Coke)

E-STAT, 106m2 143.5  74.3 4.75 57.74  4.56 2.1
#, 103 1970 996 64 816 65 29

Area/unit3 * 72.85  74.63 71.3 70.76  73.05 72.41
Area,% of avg 100 102.5 97.7 97.2 1.003 99.4
Area/unit,net 63.81 65.15 65.2 61.8 67.71 62.83
UNIT CONS, GJ/m2 - 0.731 0.882 0.953

UNIT CONS, GJ/UNIT - 54.54 62.9  64.66

TOTAL CONS, PJ - 54.28 4.02  54.76

Lokaler

OFFICES,106m2 5.96 1.9 0.01 2.65 0.18 1.16
Total, 107 ~70 22.3 0.1 31.1 2.1 13.6
Total Cons., PJ - 1.69 - 2.46 - -

TOTAL ESTAT, 10°m2 2040 64.1 847.1  66.1 38.0

Total Cons., PJ - 1.69 - 2.46 - -

(non-CH), 103

NEW, 106m2 6
NEW, 103 10 -6 0.5 1.5 2 0.1
UNIT CONS3, GJ/m2 0.6  (0.75) 0.75 0.6

UNIT CONS3, GJZUNIT 43 (53) 53 5

TOTAL NEW, PJ - 0.25 0.03 .13 0.05

TOTAL4, 103 2050 1024 64.7 848.6  68.1 42.8
UNIT CONS, GJ/UNIT - 51.5 (65) 66 35 50
TOTAL PJ* <118.5> 54.0 > 61 2.6 1.1

NOTES: See notes for MFD 1981. All Consumption figures were divided by 0.983 by SCB
to represent a climate correction.

1) Calculated from 1982 Report giving both numbers and areas. Note values very close
to those used for previous years. 2) Using the total quantities of #1 and #3-5 oil
given in EFH in 1982, the average energy content of oil used was 36.54 MJ/1, as in
1981. We counted oil of uncertain type at this value. 3) Estimated as slightly
below the averages in 1982 for all apartments with each heating source built between
1976 and 1981.
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