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EVÂLUAlION OF ENERGY SAVINGS BY }IEÄSURE}'ENÎS I,JI'EN IMPLE-MENÎING EXÎENSIVE ENERGY CONSERVATION MEASURES IN NINE
BLOCKS OF FLAÎS

A, Nilson
B"!el- Dahlgren AB, Fröfäsregaran l04

S-421 3l Västra Frölunda, "Sweden

:l:_:rl9:]:den- Project (1,2) rs one of six si¡nilar projecrs,sn-lcr] _havg been going on in Sr¡eden f or the last f our yeàrs inmultlfamily houses át dlfferent places. They have åii U""r,initiated by rhe Swedfsh Councfl fär Buildinã-ñ".r""i"¡l--

Introductlon

Descrlption of the buildings

The Guldheden project consists oare situated in Gothenburg, wher
temperâture approximately èquals

fn
et
+7

,n"
he
C.

similar houses, whlch
annual average outdoor

Ä short description. of. the bulldings is given in Figure Itogether with sone basic data conceining ü-values etc-beroreretrofits.

Implernented neasures

In order to equalize the houses, as much as possible, beforecar.rying out the extenslvc measures, a number of noie basic
ECM were implemenred in all houses.' Thev i."irãå¿ äã5J"tr",.,tof the heatlng and ventilating systens, flow .rt" .Àiui"tor=

+
ô
ô

t:

t
t



3q2

for cold and ho! tap I'ater' windproofing of çindows' and

additional thermar ri35råîiå"'of thà ãiii"'"it¡ blor¡n mineral

îlii: .;:i :,fi tî ": l;:å :t;iï";i:,:ifu ruii'"":fl " :;":ä;o::'l:;
Process.

In tr.,o of the houses, no additional measures ltere carried out'

These houses are ;;"ä"";-"i;ãi"-t"''t"-ãúJãtt"" to the 
' 

other

seven "test ouj"ttËÏì-.,tãt" 
-different-cåÃbinations of other

;";;;.";-;"re iñPlemented (Figure 2) '

Additional thermal insulation of external valls with O'12 m

mineral r'¡ool reduce"-ïh; U-value t" "pttã*' 
0'30 W/m2'X' The

other houses 'iri" i"' i"t"iãl"a lå[er on with the same

technique '

Conversion of windoçs, by. addi,ng.an-extra pane on the--lnslde

of the casenent, 'ããüå"t-tn" 
u-"arue"iã-ãp'pto"' 2'10 t{/m2'K'

Nelt triple ef"'iiä--i" stair- ""tiã"u'tã" 
nas matnlv a

consequence or tne'rEtrãiit or exÈernal çalls'

The exhaust alr heat pumps. ":,y:"tt 
f or both taP Ìtater heatln¿

as çell as ro' 
-=påt"' heatinE' 'i;t- 

dtffeient ' 
operatln¿

srraregies can be,lËåì="¡"rä--f?io.iiy rs gfven errher to tap

"'iäi-f,ãåting 
or to space heating'

Heasurements and evaluatlon ¡nethods

remperatures in il"Ii:"::;":::, ::Îi: ::"]:ïÏ'":å ,;: :ilåi::
air' inside "to--tT":'J;t;â"t;;;i""uslv uslng nicroconputers'
temperature' $ere r

Additionat measurenents were also carried out for the heat

purnps, in order [ä=Ëtãr""i; the coeificienr of performance

(CoP) and t¡e s"asåi"i'iãtiot'"nce factor (SPF)'

Two methods are used to evaluate.the the savings' the before-

afrer rnerhod and,'är-å compremenr, , ail-tå"t-rõf"ren." method

(3), accordins to til Ë.pãîíiãr'itr'¿"=Iã"-pr"" in Figure 2'

Annual enerSy consumption for 
-sDace 

heating has been

calculated u'ins-"iËl' ener["v' tiã;;;"t;--iãtñ"tqu" (])'

Different models iot'Ïi" ";;;;ï'"isnåi"" 
have been used'

When usin¡i the enerBy signature of a house' it is easy to eva-
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luate the energy savings also for a "nor¡nalized" indoor tempe-
rature, even if you do not always reach that specific leve1.
This method to recalculate the measured energy savings, is
valuable when you nant to analyze the savings from a specific
measure, implemented in houses r¡ith different indoor tempera-
tures. We have used a "normalized" temperature of +2O.5oC,
together with real measured fndoor Èemperatures.

Energy savings for different combinat.ions of neasures

Some prel imina ry
final results (6)

resul ts have been
In this paper Ì¡e

rted (4,5) and some
give an overview of

re po
çill

the most irDportant final results.

Analyzing bought energy for space and tap water heating for
each house, before and after retrofi Ls , tle have achieved
results accordlng to Flgure 3. As can be seen from thls
figure, the energy consumptlon varLes betrreen the houses
before retroflts, nainly due to differences fn lndoor
ter!ìperature and alr change rate. thls of cot!rse has affected
the energy savlngs for ldentlcal comblnatfons of neasures.

Measured da ta from Fi gure 3
approx, 15-45 Z, based on
retroflts. All figures are
apartments includlng the stâir

, indicate energy savings of
the energy consumption before
based on the area of the

enclosures.

analysis of different

To analyze the energy savings for dlfferent ECM correctly,
however, you have to analyze the energy consumptlon for space
heatlng separately. Our rDeasurements have namely shown thnt
the energy consumptlon for tap water heating and for latrndry
drlers have changed during the experirnent These changes will
affect the energy savings for such neasures as addltlonal
thermal insulatlon, conversion of wlndows etc.

These are some of the results of such an
conbfnations of neadures:

o

o the basic ¡neasures have provided savings of approx.
kl,¡h/m2,year, çith a range of variation between
kl,lh /m2, year and 4 5 kt,lh /m2, year .
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The combination of basic measures, triple glazing in
stair enclosure and exhaust air heat pump, provided
savings of approx. 60 kl,Jh/m2,year. Here we have taken
into account the reduction of the energy consumption for
space heating,given by our concept for the exhaust air
heaL pumps.

o the combination of basic measures, additional thermal
insulation of external r.ralls, conversion of windor¡s to
triple glazing and nekr triple glazing in stair



enclosures ' Provided

o the "totar retrofit"
kWh/m2,Year with the
as above '
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savings of aPProx'

provided savings
same conditions f

For those houses,
energY savings for
fol lowing resul ts :

çhere we have
single measures

been able to
separatelY,

After the
ments for

o For new triple glazing in-stair enclosure' no guaranteed
- 

såuittg" havä beèn Provided '

o Conversion of vindovs to triple gLazínl" have provlded

savinss of appro*' 
--ri 

twh l'2'yeár ' A[ our "nornalized
i.åå"?ãtr.";'(izo.l õõ), the sáíings would have reached

the level 20 kl^lh lmT,Year '

nal evaluation, we have contfnued some neasure-
I wpars- the enerqy consumption for space hea-

á i""ã-i"".eased wi[Ê approx' 4 -7 as an average

ã Ïã.-tã"i "r 
ttt. ¡ðu""!'compared to the results

I 
-"ilï"--i" valid åt the ;'nornalized" indoor

'¡o.^.'tãu=ã t "" have goL a decrease of approx'

fi
l

ting, seems t
durlns f985 /B
from -1984/85

tempera ture.
3% instead.

the decrease ln house 1 seems to corresDond well to that

amount of energy, ";;;;;" 
Ëãu"-c"ftulated to be the demand to

drv out the .oistulã"i"- lrre old exÈernal çalls during the

fiist year after thä itff"t""t"tion of the additional thermal

lnsulation.

Durlng 1985/86 our monitoring . and control have

out sith less lntenslty than- before' Surely'
år.prãi""".iã-ãr t¡" lncreases nentioned above'

Some of the increase ín house 4 ' however' can be explained by

the fact that th" ãuã'"g" outdoor temperåture.. in January and

February leB6 was ";;;;;:-;;ð--1ã"::-lhan 
at the same tlme ln

1985. The exhaust äir heat punp' namely' -can not dellver any

enerpv for =p"." fiå"i;;' "t;t''the. oúidoor temperature is

extrãmelv toç. Tht;=';;;ï ¿å"" not affect the heat pump that

¡nuch in house 9, u"ã'u"ã-irtãi" r"e have been able to lower the

uater supply a"tp"tliu;; 
";;-irt" i"dl"tors more than in house

h. This has ¡""" på"!iir"l-uÀ1"""" of the "total reÈrofit"'

The output
approx . 2 5

operational

Energy savings for the exhaust air heat pumps

of the exhaust air
ktl each. Durin¡;

time was aPProx.
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of
or

85 kl.lh ln2,Yeat

approx. 100
the heat PumP

Approximately 55 I of the total energy output from the heat
pumps has been delivered to tap ltater heating and approx. 45
Z to space heating. The COP was measured to approx. 3.2'
consldering only the heat pumps, and approx. 2,5, also
considering the auxillary pumps etc.

The net average energy savlngs from the installations of hear
pumps have reached a level of approx. 35 kl,Ih/n2,year.

the variatlon of the COP for different periods during the
heating season is shown in Figure 4. As can be seen from this
figure, the COP for the complete installation is extremely
lower in the summer than in the tinter. It depends on an
extra fan, instalJ.ed to compensate for the pressure drop over
the filter and the cooling coil, vhich is operating during the
çhole year.

Comparison betrreen neasured and calculated energy
consurnption daÈa after retrofiLs

In the beginning of the energy saving Process' you have to
carry out sorne calculations both of the expected energy
savings and Èhe economic profitability. In order to analyze
rrhich differences you get betrreen neasurements and
calculations, rre have carried out some calculations ¡lith the
conputer nodel MSA (7), which in some parÈs is based on the
BKL-rnethod (8). thls nodel uses monthly energy balances as a

base for the calculations.

si s differences of approx . + l-

ana I
!¡e

yze
have

the
the

been carried
this fact can As a resulÈ of thls anal

occurs ln houses, where
up to - 20 Z ln hous
implemented.

v
f have been lmplemented
e 9, çhere the "total retrofiL"

The differences seem to be greater in houses with more
comprehensive measureb implemented than in others. Besides
lmperfections of the model and errors in the measurements' w€

have come to the conclusion that mainly four other factors can
contribute to an explanation. These factors are:

o llolsture in the external walls.

to 7.

and
t¡a s

o Extra
walls
out to

shading effects of
were insulated and
the facade.

the uindows lthen the external
the old windows were not moved

heat pumPs in houses 4 and

the häatìng season f9B5/86
7000 h in both houses'

9 ls
the

o The length of the heating season is shorter in theory
than in practice.

js grcater for thc oltl
neu one of sheet metal.

o The absorption of solar energy
surface of plaster than for the



Correcting the calculations
;;;-;;i dirrerences or about
â good aBreenent '

for
+l-15

these extra energY demands'
""i-iot 

"rr 
housei' This is

Conc lus lons

The Guldheden Project has shown' that large energy savfngs can

be achieved in ""i"iing'ìuiïîi"åiiv 
h';;;;; when-extensive ECÌl

are combine¿ rn6 t'tii'-Titt"d to the speciflc houses'

lteasurements, carr-ied ouL for more than three years after the

imolernenrarion "t 
;;r:;;";l- 

't'år" 
shown thaL as an averaSe

thäse savings also råtain ' However ' 
'li'tätã is a risk 'that the

savings will decrea;;;-ii you stop monitoring the buldings'

Good agreement can be achieved--betr¡een calculated and neasured

data of energy to"ãi*piion' However' vãu rt""" to use-a good

model , know f Ls 'ìï'i;;;;;"s"- and uå"'-i"put data of good

the most important thing is to 
-inplement 

the

rrect vay and to to;;;;i Èhen very carefully'

l;;':";;'kinà-of an-energv managemenÈ svsren'

qual i tY.

None the less '
measures in a co
preferablY bY us
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Figure l. Description of buildings before retrofits


