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Lee Schipper

BRIEF SU~n·1ARY

Swedish homes use 30 - 50% less heat, adjusted for climate and house
size, than do homes in the US~ Swedish technology often saves energy
at lower cost per unit of energy saved than the for similar technolo
gies in the US~ Moreover, Swedes have saved energy because it was
profitable to do so; they were not forced to do so by draconian regu
lationSe Instead a healthy partnership of private initiative, public
financing incentives and research and demonstration, and a long time
horizon on the part of house buyers, builders, and occupants, combined
to provide the greatest indoor comfort in the GECD at the lowest COSt0

The technical achievements that allowed these savings in Sweden are
transferrable to the United States and should be economically attrac-

ve in the US as well~

__ only fundamental policy fference between Sweden .and the ~ ~

greater use of incentives in eden to reinforce a national com-
quality housing, for 1 Swedes, It for the long

run~

on Sc pper, Lawrence Berkel ey Lab to
study on energy efficiency in buildings, BlDoing Better:

for the Second Decade88~ at the Un;vo of California,
t , 1984@ Opinions are strictly those of the author

not ly ect those of the project sponsors, the German
1 Fund, Washington, DC, through the American Council for an Ener-

i Economy, and the Swedish Council for Building Research,
Teknis Foreningen in Stockholm@ The full report of the

in om the Cold is ng edited and will be available--,.,.:;;;;..--- ----500n0
Author~s address: e 3125, Bldg0 90, Lawrence Berkeley Laboratory,

ey, CA USA 94720~

** A desc ption of energy use trends in Sweden is found in Energy and
Buildi Vol~ 6, Nr@ 1, in an article by the author~
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Introduction

SCHIPPER

During 1982 and 1983 a team led by the author investigated residential
energy conservation achievements and policies in Sweden.** The major reasons
for the study were:

'8 Homes in Sweden use 1ess energy for heat; n9, adj usted for cl imate and
house size, than homes in any other DECO country, yet maintain the highest
standard of indoor thermal comfort0 (Fig0 1 shows energy end uses in
Swedish homes over time, while Figs~ 2a and 2b show distribution of prin
cipal fuels, and Fig& 3 space heating use (in useful energy terms) for a
variety of countries.)

8 Since 1973 older homes in Sweden have reduced heating needs by between 15
- 25%, primarily through the use of added insulation and other technical
changes0 In contrast, most of the savings observed in homes in the US and
el sewhere have been achieved by reducing temperatures and other short
term, simple measures measures such as caulking@ (Figure 4 shows energy
use trends in single-family dwellings heated by oi1- red central heating
systems in a ety of countries over tilne.)

~ Homes It in Sweden nee 1973, and particularly those It since 1978,
are cons i y more effi ci ent than those that were bui 1t before 1973,

world leaders in heating ciency& (Fig0 5 shows k values f Swed-
ish ngle a ly dwellings as a func on of year built, givien both

ce as surveyed codes0 K-values are culated taking into
thermal dges and other fdctors and are typically only 10%

hi measured ues~ In US ts, R values are obtained by invert-
i k-values plyi by 5~60)

It housi technologies could save a great deal
energy in United States at a low initial cost, particularly in new

housi Advanced technologies were pushing energy needs even lower~ There-
i many aspects of how Swedes keep their heating bills low,

reasons as well as the policies that supported technical
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Swedish Housing

TECHNICAL AND ECONOMIC FINDINGS

SCHIPPER

The technical reasons for Swedish achievements include high insulation
levels (even in older homes), rnultipl~ glazing, efficient heating systetflS,
good installation and upkeep of components, and Inore recently, use of heat
pumps and other new heating technologiese Houses built today use levels of
insulation equivalent to nearly twice those found in walls and windows in the
colder parts of the US and 25-35% greater than those used in attics in the US~

By contrast, lifestyle per se only plays a minor role in achieving energy
savings in Sweden@ Indoor temperatures in Sweden are the highest in the OECD,
and hot water consumption is almost as high as in the United Statese Exhaust
air hot-water heat pumps have entered the market in Sweden to reduce hot water
costs considerably@

Swedish buil ng industry, and homeowners/occupants have achieved
these savings lower costs than the cost of obtaining energy& Data from
ABV, one of Swedenlls lders, showi consumption in similar houses

It ever- ng thermal the investments required
use over 19705 about $750 US per house (at 7@6

[SEK] to 1 ~ Compared to cost of ectricity, this
of 25%/year 0 More improvements are more

ve, sh consumer money@ Indeed, the pri-
seen been to reduce the cost-------

the evements in Sweden should
our compa son, economic as 10

ly ly energy, have

development of high-tech, low-
forces have ways been present to

Swedish government has used
-- interest subsidies other

minimum property standards, but has
ons with aggressive research, support of

on, and support private sector i tiativeso This
to a hi standard of housing quality unknown to the average house or

occupant in the US~
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Swedish Housing SCHIPPER

The Swedish achievements in energy efficiency have not arisen primarily
out of a system of forcing regulations, but rather out of a need, recognized
by all segments of society, to achieve a high level of indoor comfort and
hygiene at a reasonable coste

8 While building codes have played an important information role in showing
consumers and builders the approximately economic levels of insulation and
in stimulating the building community to reduce the heating needs of new
homes, they have not yet forced energy conservation upon builders or occu-
pants~ Actual energy-say; practices in Sweden have ways exceeded code

rements~

8 The system of home loans has acti vely encouraged i ncreasi ngly greater
thermal performance by y removi the fi cost er a

de ety of ng investments~ Thus carrot, not ck,
has been the primary policy instrument in Sweden0

It is important to note, however, that energy conservation has always been
embedded in a icy that has been important for decades, if not cen-

es, in the Swedi sh pol i cal tradi on ~ When concerns over energy were
increa th 1973 1 Embargo, few new agencies, actors, or arrangements
were Government, the 'late sector, and vate i viduals to

s is not to policies put in place after 1973 were
were 1 matched to exi policies

ow of information and research, (i@ee, the sermon) was
inc to accompany the increased use the carrot&

yes for new and exi ng homes
mary mulusfor savings in exist-
gni increases in 1 pricese

on sting in Sweden before and after 1973 and
, however, it is doubtful that the achievements since

ng new dwellings would have occurred~ The well...,
, however, contri buted over many decades to the ease

sci sts and companies developed even more energy effi-
--~-~~ces after 19730

anll::\V"nU,1 rll"'\ftH::~o~'U~·r.,on programs and i

'Ie, but the
11

a

home loan system for new housing (described in part in the Appendix)
about 90% of all ngle-family and nearly 100% of all mul family

lings during the past two decades0 The loans are subsi zed in; ally but
the rate of interest rises by 1/2% each year until it reaches the market rate0
Down payments are atively low" Si nee the early 19605 the system al so
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Swedish HouSin9 IPPEH

fi nanced conservati on measures beyond those very simp1e mea sures dernanded by

building codes~ The prifnary reason for these measures -- nimal insulation
-- were hygienic and structural, the avoidance of moisture and rot <II Any
feature of a new home required by code was financed by the loan system (see
the Appendix), and measures introduced expressly for the saving of energy have
generally been cost-effectiveo

The retrofi t program of loans and grants was successful in stilnul at; ng
substantial investment in conservation in existing homeso In all, the program
provided nearly $850 million (at 1983 exchange rates) in low-interest loans
and grants, and a smaller but important sum in interest subsidies that
affected over one-hal f of the bui 1di n9 stock ~ However, as many owners of
single-family dwellings made conservation investments without state aid as
with state aid, suggesting that while the program was sufficient to cause sav~

ings, it not have been entirely necessary@ It is 1i Y, though, that the
program ded a valuable demonstration effect, causing many retrofits and

ngs in period between 5 1978 when real oil
, were e, inducing some investlnents in newer,

r ly lings (for which heat is by

program a stronger e in
se may not made~

1i or ty

on campaigns of the 19705 were
were n i ng U in the sense of

ogies or requi ng
wi nforced

ons in 1 use constantly dur
use was creeping back up towards

were instituted ng the
a more ac st It is too

are many regions of the United
are more aggressive than those in

that market forces ayed a key role in Sweden in stimu-
investments the purposes of reducing energy costs in new

n9 homes~ Yet market forces were nforced by ous pol icies
extended i duals m and companies 8 me horizons to make high-

energy savi ogies the rule, not exceptionQ
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Unfortunately, the marketpl ace alone -- hi gher energy pri ces in the
United States will probably not support transferring or reproduction of these
achievements in the US, because of enormous know-how barriers and perceived
financial barriers in the building industry, financial and real-estate insti
tuti ons and pr~cti ces, and the percept; ons of US consumers/homebuyers them
selves, who move inore often than do Swedes 8 While insulation levels have
increased roughly with oil prices in Sweden, overall achievements in the US
still lag considerably behind heating costs, particularly with respect to
walls, windows, air-tightness, heat recovery, and indoor air quality technolo-
gies@ In 1981, homes in Sweden had on average twice the effective levels of
wall insulation as homes in Minnesota! While most of the 20% reduction in
energy use per household in the US (since 1973) has been caused by behavior
changes and very simple (Ulow-cost, no-cost U

) retrofit measures, most of the
similar reductions in Sweden were caused by substantial retrofit measures

mulated in part by government fu~ds, but based in the tradition of comfort
at low cost~ Thus, the US achievements are fragile; they could be reversed by
a temporary axation pressures from energy price increaseSe

ess, it would be impossi e to simply Ulegiate U

ght in US~ Housing policy, not energy policy one, must
in which energy efficient buil ng practices are to be

However, the carrot, not the ck, is the most important policy
Energy pol icy goal s be . expressed through the actors and

ready ve in the housing area, such as builders, 1i es,

create
encouraged~

instrument~

i ons

1
i measure the US could undertake to stimu-
on ces i s to remove the as agai nst

inherent in the American housing process~

n9 energy-related investments in mortgages
nst loan applicantls affordability teria,

would lower the applicant's future space-conditioning

measures d taken by Federal, State, or local author; es
i

Inc R&D in the area of housing and energy, including developing
1 s or other indicators of home performance;
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Swedish HoUSin9 IPPER

Supporting a widespread information and testing program to demonstrate the
savings that good building practices in the US have achieved in some
areas;

Supporting a massive builder and owner/occupant education effort;

Supporting a widespread research, demonstration, and education program on
retrofit;

Encourage the pricing of energy at its replacement cost$

At present, the most attracti ve opti on for US bui 1ders and homebuyers
seeking to reduce their comfort costs may be to purchase Swedish technologies
or manufactured houses, whose energy ..... sayi n9 properti es have been i dated

years of experience in Sweden, as this proje f nd$ These technologies
and houses coul convince US builders, nancers, and homebuyers, that energy
e ciency in homes is affordable, economically attractive~ Joint ventures
among Swedi American might be an attractive option~
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APPENDIX: The Loan

SCHIPPER

for Finane; Conservation in New Homes~

The following table shows the part of the federal home-loan form in Sweden for
single family dwellings that pertains to energy. Basically, the loan amount is
constructed from the bottom up, based on the size and features of the house~

The system finances all basic necessities but puts a cap on the unit cost of
most items, such as washers, tile, or window$@ After the entire loan is cal
culated by the builder/prospective owner, it is submitted to the local housing
authority, who usually allows the actual cost to exceed a guideline value by

15%, which in turn allows quite a bit of flexibility in design and in choice
of features& Any costs above these must be financed privately&

Note that the energy part essentially allows the first cost of the house and
thereby the size of the loan, to expand to include costs extra insulation,
a heat pump, or other important enprgy-saving features, without appearing to
penalize the builder or buyer through a higher first cost~ Affordability, and
the approval of the loan, are not therefore, jeopard; zed by energy saving
investments, nor on the presences of other features that increase the durabil
i safety, or ve 1; the house! Indeed, some energy ng

become even more attractive with greater effie;

correct,

ays (lines 220,221, 222) increase in proportion to the
k (l/R) and amount required by code; nee an infinite

y a nite increase in the loan, the lder/buyer is
making i on uneconomical1y thick@ In fact,

these lines is very ose to that which is economically
yes ni savings@

in 1i ne
. increases wi increasing efficiency, through

comb; ned, the purchased an exhaust.... a; r
pump -- line 304 -- becomes motivated0

sloan home loans available initially at a very low rate
increases by 1/2 percentage point per year

market rate of interest @ Thus is a subsi dy
to deduction of interest payments from tax liabil-

until 1983@ It can be mated that this system
consumers B and builders' time horizons up to a 20 year
purposes of inves ng in conservation measures that are

expensi y -- installed when a house is rst built@ From
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Swedish Housing SCHIPPER

a Swede's point of view, a dollar saved each year during the coming life of
the mortgage (30 years or more) has a present worth of about $20 not n0
any increases in the price of energy~ By contrast, the US consumer appears to
demand a very hi gh ra te of return and a very short payback ti rae, ~l/h i ch can be

estimated to yi el d a present worth of $5 on conser"vati ani nvestrnents .. This
low regard for the futur(~ is hard to rt-:concile the·: lead t'imes and
enormous i nvestrnents requi red to make i nves tments in energy securi ty 0
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New Home Loan Form ("Laensbostadsnaemden ee
)

Energy Component

Line/Item Amount/unit Units
Amount

Sought--Apprcve.

220 Attic
221 Attic
222 Floor

(Oe2-k) *250
(O.3-k) *500
(Oe3-k) *250

Area
Area
Area

2500
15000
8500

(COP - 1@2)*lO 000
11000
2500
4000
800
1000

house
house

1
1
1
1
1
1
1

Col1* Area.
house

500
1200

2000

Heating Systems
230 Hot-water heater
231 Oil or woodchip boiler
231 Electric boiler or hot-air
232 Heat pump
233 wood boiler incl electric backup
234 Heat storage -- electric

solid fuels
235 Solar collector (max 6250)
236 Timed thermostat for electric heat
237 Block central connection
238 District connection
239 Heat distribution for air-

or system
240 Hot water meter - flow

301 Exhaust air fan 20 living area

302 Stove hood with fan 650 1
303 Air-to--air heat 1000 + 30 1 + m2 area.
304 Exhaust-air HW heat pump 2000 + 30 1 + m2 living area

NOTE: For the units, house means **, lee, one per structure, while
means that, and increases with the number of dwellings per structuree Costs
for district and block centrals are not Where the number 1 is
the unit is the number of installations~

from the loan form oelt
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FIGURES AND T LES

gures on the following pages illustrate some important facets residential
energy use in eden, particularly the low value of ating@ Figure 1 shows
the eva1uti on of energy use per d 11 i ng in Sweden rough 19810 gure 2
shows e percentages ngle-f ily mul ly using fferent

s for space heating (and in almost every case, for hot water as well) from
19630 3 shows use ( ng energy, that
is, ene 11 to rooms minus conversion losses in lers) for a
variety countries studied@ gure 4 shows space heating energ use in oil
heated n91 mily 1iTo ing fi gures are corrected
for heated house area imate, that is, number of non~o~

fi shows the eval on k (or U)* values in newly built swedi
durin ues for ls and lings are shown* The gure
ves thealues by in during ear@ T

approximate values in R-units for S den and f Minnesota,
dest in US, and , on the most of

inverse an R value: the thicker the insulation
In Sweden U ( R) values are always calculated to

take into account that ally red th veness of
as thermal bri caus wo s Therefore,
1ues 0 the en quot s i nsu-
are j the nominal v ue insulation,

""'F\.~g"".,;y..», wi ttl regard for impact of or
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EXAMPLE: WALL B-VALUES, SWEDEN AND
UmSm

1987

1985~70

1973

1975

1977

1977

1980/1

1983

1984

cede

Practice

Practice

Practice

o cede

Practice

Practice

Practice

ELAK cede

FIG~ 6

Sweden

Ru 8

R10-13

R17e8

R20

R18.5

R22

R25

R25m30

R32
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u.s. (State)

R11 13 (Minnesota)

R15 18 (Minnesota)




