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Abstra
t

Solar radiation is an abundant free resour
e whi
h may be utilized in

the form of solar heated water. This is a
hieved in solar 
olle
tors, whi
h

unfortunately are expensive devi
es, and further the warm water must be

stored in a

umulators whi
h items also 
ost money. This paper shows

how we have optimised the situation for a blo
k-of-�ats in Sweden. In

order to �nd this point we have used the minimum Life-Cy
le Cost, LCC,


on
ept as a 
riterion. The best solution is therefore found when that 
ost

�nds its lowest value. It is also examined under whi
h 
onditions solar


olle
tors are part of the optimal solution and further it is 
al
ulated what

happens if this optimal point is abandoned, i. e. how mu
h will the LCC

in
rease if other than optimal solutions are 
hosen. LCC optimisation

almost always results in a heating system with low operating 
osts su
h

as distri
t heating. The installation 
ost must, however, be kept on a

reasonable level and expensive solar panel systems are therefore normally

avoided if the lowest LCC shall be rea
hed, at least for Swedish 
onditions.

For buildings where the only alternative energy sour
e is ele
tri
ity, solar


olle
tors seem to be on the rim of pro�tability, i. e. for an energy pri
e

of about 0.6 SEK/kWh.

INTRODUCTION

Solar 
olle
tors used for domesti
 hot water, and spa
e, heating are not very


ommon in Sweden but have found widespread use in other 
ountries, see e.

g. Referen
es [1℄ and [2℄ whi
h des
ribe some re
ent studies. This is to a part

the result of our 
old 
limate but also the fa
t that other energy sour
es with

reasonable 
osts are available, e. g. in the form of distri
t heating produ
ed

in Combined Heat and Power, CHP, plants. Solar appli
ations will therefore

be unpro�table 
ompared to the alternative solutions. In this paper we have

used the 
on
ept Life-Cy
le Cost, LCC, as a 
riterion for optimisation, i. e. the

best solution is a
hieved when the LCC for the studied building �nds its lowest

value. Hen
e, if solar 
olle
tors are found unpro�table the LCC, with solar


olle
tors in
luded, has been 
al
ulated to a higher value than was the 
ase if

they were abandoned. There are also other methods des
ribed in literature,

see e. g. Referen
e [3℄ where the LCC-
on
ept has been simpli�ed in order
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to gain in popularity. The 
al
ulations are many times 
omputerised in the

form of programs and the program used here is 
alled the OPERA model, see

Referen
e [4℄ for a detailed des
ription. The program was written in Fortran

77 and therefore it runs under almost all operative systems with only small

modi�
ations. (In this study an ordinary PC was used equipped with both

DOS and LINUX.)

The OPERA-model is designed for �nding optimal retro�t measures for ex-

isting buildings. Multi-family blo
ks of �ats was emphasized but single-family

houses or industrial buildings 
an be analysed as well. An existing building

is presented to the 
omputer model in the form of an input data �le 
ontain-

ing about 200 values des
ribing energy tari�s, U-values of the 
limate shield,

the 
osts for the building measures and so forth. It is not possible to des
ribe

the building in all detail in a paper of this length but a short presentation is

ne
essary. More details are also presentad in due 
ourse.

THE STUDIED BUILDING

The building 
onsists of 14 apartments and it is originally sited in Malmö,

Sweden, about 600 km south of Sto
kholm. The thermal shape of the building

is presented in Table 1.

Building asset Area U-value U×A-value

[m

2
℄ [W/m

2
×K℄ [W/K℄

Atti
 �oor 273 0.8 218.4

Floor 273 0.5 136.5

External wall 616 1.2 739.2

Windows east 75.6 3.5 264.6

Windows west 69.6 3.5 243.6

Total 1602.3

Table 1: Thermal 
onditions of the 
onsidered 
limate shield.

It must be noted here that Table 1 does not show the real 
onditions in the

building. To a part it as an a
ademi
 produ
t and the thermal shape is therefore

better in reality. This is so be
ause no retro�ts will �show up� if the real values

were used for e. g. the external wall.

Heat is also used for ventilation and it is assumed that 0.6 renewals per hour

of the building air volume is valid. (The Swedish building 
ode sets a value of

0.5.) The area of the apartments are 814 m

2
and 2.8 m between �oor and roof.

The ventilation rate will therefore be 1,367.5 m

3
/h. The density of air is 1.18

kg/m

3
while the heat 
apa
ity is 1.005 kJ/(kg×K), see Referen
e [5℄ p. 646. The

heat amount ventilated to the outside ea
h hour will therefore be
ome 1621.7

kJ/(K×h) or 450.4 W/K. Adding the losses from the thermal shield results in

2,053 W/K. The model uses monthly mean average temperatures for the last

30 years as 
limate input data and the year is therefore split in 12 segments.

Degree hours are generated whenever the desired indoor temperature is higher

than the outdoor temperature. In Malmö the average outdoor temperature for

January is 0.5

◦
C while it is assumed that 21

◦
C is used indoors. Hen
e 15,996

degree hours are generated in that month and the energy demand will be
ome
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32,839 kWh, see Table 2. (The values in Table 2 are fet
hed from the 
omputer

program and small di�eren
es therefore o

ur.)

MONTH DEG.- ENERGY- HOT- FREE SOLAR UTILIZ FROM SOLAR

NO HOURS TRANSM WATER ENERGY HEAT FREE BOILER PANELS

1 15996. 32893. 3500. 4167. 1201. 5368. 31027. 0.

2 14713. 30254. 3500. 4167. 2609. 6776. 26980. 0.

3 14582. 29987. 3500. 4167. 6078. 10245. 23245. 0

4 10800. 22209. 3500. 4167. 8998. 13165. 12548. 0.

5 7440. 15299. 3500. 4167. 12717. 15299. 3500. 0.

6 4320. 8883. 3500. 4167. 13200. 8883. 3500. 0.

7 2827. 5814. 3500. 4167. 12933. 5814. 3500. 0.

8 3199. 6579. 3500. 4167. 10900. 6579. 3500. 0.

9 5400. 11104. 3500. 4167. 7712. 11104. 3500. 0.

10 9002. 18512. 3500. 4167. 4109. 8276. 13746. 0.

11 11592. 23837. 3500. 4167. 1561. 5728. 21620. 0.

12 14136. 29069. 3500. 4167. 778. 4945. 27635. 0.

TOTAL 114008. 234440. 42000. 50004. 82796. 102183. 174257. 0.

Table 2: Energy balan
e in kWh for the test building sited in Malmö, Sweden.

The demand for domesti
 hot water heating was assumed to be 3.5 MWh.

Free energy from persons and applian
es have been 
al
ulated to 4.2 MWh ea
h

month while solar radiation through the windows has been 
al
ulated to 1.2

MWh for the �rst month of the year. For January all the free heat 
an be used

and it adds up to 5.4 MWh. Hen
e, the boiler must provide 31.2 MWh. In this

�rst 
al
ulation no solar 
olle
tors are thought to be installed and, subsequently,

all values in Table 2 are zero.

During summer there is no need for extra spa
e heating by using the boiler.

Free energy 
overs the demand. The boiler must, however, be used for domesti


hot water heating whi
h results in 3.5 MWh ea
h month. The question is now

if a solar heating system will result in a lower LCC 
ompared to the original

situation. Should su
h a system be designed for 
overing only the domesti
 hot

water demand or is it optimal to add extra solar 
olle
tors for spa
e heating

purposes as well? In order to solve this problem it is ne
essary to �nd out how

mu
h heat a solar 
olle
tor 
ould 
olle
t. Sweden is a very long and narrow


ountry where 
onditions di�er a lot between the north and south. In the north

of Sweden the sun is up 24 hours a day during some summer months. This

might result in a lot of heat from a solar 
olle
tor. The 
limate, however, is


old whi
h results in a high demand, and further the sun will not show up at all

during the winter. This paper therefore deals with two 
ases, one for the north

of Sweden, Kiruna, and one for Malmö in the south.

SOLAR COLLECTOR CALCULATIONS

We have used a 
omputer program written in C for Windows 95 in order to


al
ulate how mu
h heat it is possible to utilize from a solar 
olle
tor. The

position of the sun is 
al
ulated for ea
h hour during one year. Further, data

for 
lear, half 
lear and over
ast days are used in order to �nd monthly mean

values for the available heat. The lo
ations on the earth surfa
e is for Malmö,

longitude 13.1

◦
E, latitude 55.2

◦
N and for Kiruna, 20.3

◦
E, 67.5

◦
N, i. e. even

north of the polar 
ir
le. The tilt angle between the solar 
olle
tor and the

earth has been varied between 0 and 90

◦
. When the angle is zero the 
olle
tor

is lo
ated �at on the ground while it is verti
al when the angle is 90

◦
. The
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olle
tor was fa
ed exa
tly to the south. For a detailed des
ription of the solar


al
ulations, see Referen
e [6℄. The performan
e of the 
olle
tor is strongly

dependent of the temperature inside the 
olle
tor, see Referen
e [7℄ page 251 or

[8℄. Here 60

◦
C is used whi
h normally is used for domesti
 hot water in Sweden.

The overall U-value of the 
olle
tor has been set to 5.0 W/m

2
×

◦
C. A method

found in Referen
e [7℄, page 281, is used for the solar 
olle
tor output. The


olle
tor 
ontributes only if the absorbed solar radiation ex
eeds the thermal

losses from the warm 
olle
tor. In Figures 1 and 2 it is shown how available

energy from ea
h square meter varies depending on the tilt angle and month of

the year for the site Malmö.

Figure 1: Solar 
olle
tor output in Malmö where a tilt angle of 0

◦
is shown in

the front.

Figure 2: Solar 
olle
tor output in Malmö where a tilt angle of 90

◦
is shown in

the front.

The maximum monthly value, 49.7 kWh/m

2
is present for July and a tilt

angle of 30

◦◦
. Adding values also for the other months, however, show that an

optimal solar 
olle
tor should be tilted about 45

◦
resulting in 292 kWh/m

2
for

one year.
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If the building was lo
ated in Kiruna, i. e. 
lose to the ar
ti
 
ir
le, the

following would apply, see Figures 3 and 4.

Figure 3: Solar 
olle
tor output in Kiruna where a tilt angle of 90

◦
is shown in

the front.

Figure 4: Solar 
olle
tor output in Kiruna where a tilt angle of 90

◦
is shown in

the front.

The maximum value for one month, 29.7 kWh/m

2
is present for July and

for a tilt angle of 45

◦
. Optimum performan
e from the solar 
olle
tor 
al
ulated

for one year, 140 kWh/m

2
, was found for a tilt angle of about 53

◦
.

THE SOLAR HEATED BUILDING

In Table 2 it is shown that the heat demand for the studied building is about

3.5 MWh in the summer. If all of this must be 
overed by use of solar 
olle
tors,

approximately 70 m

2
must be used for Malmö 
onditions while approximately

twi
e this area is ne
essary in Kiruna. If, however, an even larger area is imple-

mented more heat 
an be produ
ed but some of this solar 
olle
tor heat 
annot

be used during the summer. In Table 3 the 
onditions are shown for a solar
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olle
tor area of 200 m

2
whi
h is the approximate available area on the roof of

the building.

MONTH DEG.- ENERGY- HOT- FREE SOLAR UTILIZ. FROM SOLAR

NO HOURS TRANSM WATER ENERGY HEAT FREE BOILER PANELS

1 15996. 29410. 3500. 4167. 1081. 5650. 27260. 402.

2 14713. 27050. 3500. 4167. 2348. 7653. 22897. 1138.

3 14582. 26811. 3500. 4167. 5470. 13757. 16553. 4120.

4 10800. 19856. 3500. 4167. 8098. 18245. 5111. 5980.

5 7440. 13679. 3500. 4167. 11445. 17179. 0. 9220.

6 4320. 7943. 3500. 4167. 11880. 11443. 0. 9260.

7 2827. 5198. 3500. 4167. 11640. 8698. 0. 9220.

8 3199. 5882. 3500. 4167. 9810. 9382. 0. 8460.

9 5400. 9928. 3500. 4167. 6940. 13428. 0. 6800.

10 9002. 16551. 3500. 4167. 3698. 10865. 9186. 3000.

11 11592. 21313. 3500. 4167. 1405. 6132. 18681. 560.

12 14136. 25990. 3500. 4167. 700. 5039. 24450. 172.

TOTAL 114008. 209609. 42000. 50004. 74516. 127471. 124138. 58332.

Table 3: Energy balan
e for a 
ase where triple glazed windows and solar 
ol-

le
tors were implemented as retro�ts.

The table is a result from the OPERA model. Triple glazed windows were

optimal in the original 
ase but solar 
olle
tors were too expensive to take part.

Therefore, in order to as
ertain that the 
olle
tors were in
luded in the optimal

solution, a very low 
olle
tor pri
e has been applied, about 1 SEK/m

2

olle
tor

area. (1 US $ equals 9 SEK.) Be
ause of the better window status, triple-glazing

is introdu
ed instead of double paned windows, the amount of transferred heat

through the 
limate shield is not exa
tly the same in Tables 2 and 3. Note

also that the amount of solar heat transferred through the windows is de
reased

be
ause of this extra glass pane.

An example might elu
idate the situation. For July there is a demand of

5,198 kWh for spa
e heating and 3,500 kWh for domesti
 hot water heating.

Free energy whi
h 
ould be used for spa
e heating adds up to 4,167 from the

applian
es and 11,640 kWh from solar radiation through the windows. However,

only 5,198 are needed and the rest is of no value. The 3,500 kWh for hot water

heating is a
hieved from the solar 
olle
tors and subsequently 8,698 kWh is

utilized. The available amount, however, adds up to 25,027 kWh. If a still

larger solar 
olle
tor would be implemented this extra heat must be useless, at

least during July. Therefore, if a solar 
olle
tor of a 
ertain size is found to be

in
luded in the optimal solution it is not ne
essary that the same will happen

for a larger or smaller area of 
olle
tors. The situation is presented in more

detail in Table 4 where the implemented area of solar 
olle
tors are 
hanged

while the rest of the input data are the same.

The available output from the 
olle
tors is doubled for a doubled square

area but the demand from the boiler is not de
reased to the same amount as the

available heat is in
reased. This is also evident on the total LCC whi
h be
omes

lower for an in
reased 
olle
tor area but not to the same rate as available energy

in
reases. This phenomenon is also present when other retro�ts are 
onsidered.

If one retro�t is supposed to save A kWh and the other B kWh, the 
ombination

of the retro�ts will not save A + B kWh but slightly less. This is so be
ause

the heating season gets shorter.
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Area LCC From boiler From solar 
olle
tors

[m

2
℄ [MSEK℄ [MWh℄ [MWh℄

10 1.19 154.0 2.9

50 1.14 142.4 14.6

100 1.10 131.9 29.1

200 1.07 124.1 58.3

300 1.04 116.4 87.5

400 1.02 109.6 116.6

500 1.00 104.9 145.8

1000 0.93 84.3 291.6

Table 4: LCC for the building and boiler demand when solar 
olle
tor area is

varied.

THE SOLAR COLLECTOR COST

The 
ost for implementing solar 
olle
tors in a building has been split in two

parts. One part for the a
tual 
olle
tors and one part for the hot water a

u-

mulator. The reason for doing so is due to the present value 
al
ulations, whi
h

are numerous in LCC optimisation. The a

umulator is supposed to have a long

servi
e life and it is not repla
ed during the studied number of years. The 
ol-

le
tors on the other hand are repla
ed ea
h 20 years and this 
ost emerges year

0, year 20 and year number 40. A salvage value is of 
ourse withdrawn when the

period of 50 years is rea
hed. The a

umulator is always needed be
ause the

solar energy must be stored from sunny days, to nights and 
loudy days. Hot

water is, however, not the only medium for solar heat storage purposes. Con-


rete, 
erami
s and salt 
ould also be used but mostly for larger appli
ations, see

Referen
e [9℄. The thermal size of the a

umulator is of vital importan
e for the

overall performan
e of the solar energy system, see Referen
e [7℄ p. 382 but in

this study we have modeled the 
ost for the a

umulator as a value in SEK/m

2


olle
tor area. In order to 
al
ulate the present value 
ost, used in Life-Cy
le

Costing, further data are needed. One example of the 
onditions is the assumed

life in years for the 
olle
tor but also the a
tual 
ost for the 
olle
tor and 
osts

for the installation must be 
onsidered. In the OPERA-model the 
osts and

other solar 
olle
tor input data are presented as found in Table 5.

Life of 
olle
tors 20 years

Life of a

umulator 50 years

Colle
tor installation 
ost, type C1 0 SEK

Colle
tor installation 
ost, type C2 2,000 SEK/m

2

A

umulator installation 
ost, type C1 0 SEK

A

umulator installation 
ost, type C2 1,000 SEK/m

2

Table 5: Assumed 
osts and input data for solar equipment in the OPERA-

model.

When equipment su
h as a boiler or a solar 
olle
tor is installed there are a

number of things that must be a
hieved �rst. For instan
e, the old boiler must

be demolished and 
arried to the s
rap yard. Su
h 
osts are not dependent of
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the thermal size of the new equipment but are nonetheless important be
ause

they might make the whole installation unpro�table. These 
osts are presented

as C1 in Table 5. The a
tual output dependent 
olle
tor 
ost, however, is shown

in C2. Even if the C1 
ost is zero in this example it is important that the model

are able to deal with su
h a 
ost stru
ture.

Present value, PV, 
al
ulations are numerous in Life-
y
le 
osting. First an

interest rate must be set, here 5 % is used, and a proje
t life assumed, here 50

years. For a 200 m

2
solar 
olle
tor implementation the following 
osts apply,

note that a salvation value is withdrawn from PVsc.

PVsc = 2000×200× [1+1.05−20 +1.05−40
−

1

2
×1.05−50]+1000×200 = 790 kSEK

When the values in Table 5 are used in the OPERA model, solar 
olle
tors

no longer are parts of the optimal solution. If 
olle
tors are pro�table or not

depend on a number of input data, e. g. the interest rate and, of 
ourse of the

pri
e for the 
olle
tors. In order to examine this a so 
alled sensitivity analysis

is performed. For a start the 
ost is set to a level where solar 
olle
tors are

optimal to install. Therefore, the a

umulator 
ost has been set to zero and the


olle
tor 
ost to 500 SEK/m

2
whi
h result in solar 
olle
tors at least for some


ombinations of data. The 
olle
tor area has after this been varied from 10 -

300 m

2
while the interest rate has been varied between 2 to 10 %. The resulting

LCC and 
olle
tor status are shown in Figure 5.

Figure 5: Sensitivity analysis of variations in solar 
olle
tor area and interest

rate.

If the interest rate is high, i.e. 10 %, about 50 m

2
is optimal. If a low rate is

appli
able, say 2 %, the area should be about three times larger. Similar graphs


an be drawn for a number of 
ases where input data are varied. Important is,

however, to noti
e that the optimal solar 
olle
tor area depends on a number

of other parameters than the a
tual 
ost. For a number of su
h 
ases solar


olle
tors will not be parts in the best solution.
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For northern Sweden the installation 
ost must be still lower if solar 
olle
tors

are going to be optimal to install. In Table 6 an energy balan
e for the building,

now a
ademi
ally lo
ated in Kiruna, is presented, 
ompare with Table 2.

MONTH DEG.- ENERGY- HOT- FREE SOLAR UTILIZ. FROM SOLAR

NO HOURS TRANSM WATER ENERGY HEAT FREE BOILER PANELS

1 24701. 50794. 3500. 4167. 1201. 5368. 48926. 0.

2 22645. 46567. 3500. 4167. 2609. 6776. 43290. 0.

3 22246. 45745. 3500. 4167. 6078. 10245. 39000. 0

4 17640. 36274. 3500. 4167. 8998. 13165. 26609. 0.

5 13615. 27998. 3500. 4167. 12717. 16884. 14614. 0.

6 8496. 17471. 3500. 4167. 13200. 17367. 3604. 0.

7 6026. 12392. 3500. 4167. 12933. 12392. 3500. 0.

8 7812. 16064. 3500. 4167. 10900. 15067. 4497. 0.

9 11448. 23541. 3500. 4167. 7712. 11879. 15163. 0.

10 16740. 34423. 3500. 4167. 4109. 8276. 29647. 0.

11 20016. 41160. 3500. 4167. 1561. 5728. 38932. 0.

12 23138. 47581. 3500. 4167. 778. 4945. 46135. 0.

TOTAL 194524. 400009. 42000. 50004. 82796. 128092. 313917. 0.

Table 6: Energy balan
e in kWh for the existing test building sited in Kiruna,

Sweden.

No retro�ts have yet been implemented. It is obvious that mu
h more heat

is used and spa
e heating is needed for all months ex
ept for July. The boiler

must provide 314 MWh ea
h year while Table 2 shows 174 MWh for the same

building sited in Malmö. In order to in
lude solar 
olle
tors in the optimal

solution the OPERA program has been run several times with di�erent solar


olle
tor data. This resulted in a solar 
olle
tor 
ost of about 250 SEK/m

2
and

about 150 m

2
seems to be the optimal total area. An energy balan
e for this


ase is presented in Table 7.

MONTH DEG.- ENERGY- HOT- FREE SOLAR UTILIZ. FROM SOLAR

NO HOURS TRANSM WATER ENERGY HEAT FREE BOILER PANELS

1 24701. 25904. 3500. 4167. 1081. 5248. 24156. 0.

2 22645. 23748. 3500. 4167. 2348. 6605. 20643. 90.

3 22246. 23329. 3500. 4167. 5470. 10834. 15995. 1197.

4 17640. 18499. 3500. 4167. 8098. 14875. 7124. 2610.

5 13615. 14278. 3500. 4167. 11445. 17683. 95. 3405.

6 8496. 8910. 3500. 4167. 11880. 12410. 0. 3735.

7 6026. 6320. 3500. 4167. 11640. 9820. 0. 4395.

8 7812. 8192. 3500. 4167. 9810. 11552. 140. 3360.

9 11448. 12005. 3500. 4167. 6940. 13625. 722. 1620.

10 16740. 17555. 3500. 4167. 3698. 8342. 12713. 477.

11 20016. 20991. 3500. 4167. 1405. 5573. 18917. 2.

12 23138. 24265. 3500. 4167. 700. 4867. 22898. 0.

TOTAL 194524. 203996. 42000. 50004. 74516. 121436. 123401. 20891.

Table 7: Energy balan
e in kWh for the retro�tted test building sited in Kiruna,

Sweden.

Table 6 shows the situation where no energy saving measures are imple-

mented while Table 7 shows the building where optimal retro�ts are added.

Note that the demand of heat from the boiler is more than halved in Table 7.

This is so be
ause extra insulation was found optimal on both the atti
 �oor

and the external walls. Weather-stripping as well as triple-glazed windows were

other measures whi
h were found optimal to implement.
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ALTERNATIVE ENERGY SOURCES

In the 
ases above solar energy 
ompeted with heat from natural gas or dis-

tri
t heating whi
h have assumed running 
osts of about 0.25 SEK/kWh. Su
h

heating systems are not always available. Multi-family buildings in Sweden are

many times heated by �ring oil in a boiler or sometimes even ele
tri
ity is used.

Su
h systems have 
onsiderable higher operating 
osts and, hen
e, solar 
olle
-

tors might be favorable. It is, however, di�
ult to examine the resulting LCC

from su
h high running 
ost systems by using the OPERA-model. This is so

be
ause the program always 
hooses the 
heapest way to a
hieve the desired

indoor temperature. In order to examine the total LCC of the building if heat-

ing systems with high operating 
osts are installed, a small C-program has been

designed where it is possible to 
hange input data and see the resulting LCC.

The situation is not optimised whi
h makes it possible to implement for example

an oil-�red boiler even if this results in a very high LCC. For a start we used

the 
osts in Table 5 and an assumed high oil pri
e of 2 SEK/kWh just in order

to a
hieve that 
olle
tors were part of the optimal solution.

Solar 
olle
tors, about 100 m

2
, were therefore found optimal and the result-

ing LCC was 
al
ulated to 7.79 MSEK, 
ompare with the LCC in Table 4. If no

solar 
olle
tor was implemented a LCC of 8.54 MSEK was present, i.e. higher.

For an oil pri
e of 0.5 SEK/kWh it is 
heaper to avoid solar panels, the LCC

was 2.549 MSEK while a 
olle
tor area of 10 m

2
did result in a LCC of 2.555

MSEK. About 50 m

2
yield the lowest LCC for an oil pri
e of 0.6 SEK/kWh, see

Figure 6.

Figure 6: Life-Cy
le Cost in MSEK for a varying energy pri
e and solar panel

area.

With the pri
es valid in Sweden today solar 
olle
tors seem to be pro�table

for an energy pri
e of about 0.6 SEK/kWh. Note that the LCC only slowly

in
reases if the solar 
olle
tor area is in
reased. If the proprietor de
ides to

implement solar heating it is therefore better to use a larger area if input data

are un
ertain. The question is now if su
h pri
es are appli
able and, hen
e,

solar 
olle
tors of interest.

The proprietors of multi-family buildings normally have several options when
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it 
omes to the design of the heating system and, therefore, su
h expensive heat

sour
es as ele
tri
ity is abandoned. OPERA therefore reje
ts solutions where

ele
tri
ity is used in resistan
e heating boilers. Heat pumps, run on ele
tri
ity,

might however be of interest. The running 
ost is by this de
reased whi
h in

turn results in that solar 
olle
tors will no longer be part of an optimal retro�t

strategy. In Sweden and Norway there is, however, a large building sto
k with

single-family houses heated with ele
tri
ity and many larger su
h buildings as

well. Further, these buildings usually are not lo
ated in denser parts of the 
ities

and distri
t heating is be
ause of this not available. Oil- or wood-�red boilers


annot be used be
ause there are no 
himney et
. Ele
tri
ity is therefore the

only option. With the nowadays deregulated ele
tri
ity market it is not easy to

predi
t the ele
tri
ity pri
e and be
ause of this know if solar 
olle
tors apply

in our blo
k of �ats. We have therefore used a real ele
tri
ity tari� from yet

another Swedish town, Norrköping 1999. For somewhat larger buildings where

more than 10 MWh are used, the tari� in Table 8 applied.

Working days during November to Mar
h, 06-22, 0.77 SEK/kWh

Other time 0.52 SEK/kWh

Subs
ription fee for a fuse size of 100 A, 3-phase, 400 V 10,937 SEK/year

Table 8: Ele
tri
ity tari� T17 for Norrköping 1999.

The pri
es in
lude ele
tri
ity taxes and V.A.T. If 100 A is not enough a

demand tari� is used instead, see Table 9, whi
h shows the fees for using the

grid.

Subs
ription fee, �xed 3,750 SEK/Year

Demand fee 281.25 SEK/(kW×Year)

Energy fee, November - Mar
h, 06 - 22, 0.075 SEK/kWh

Other times 0.0625 SEK/kWh

Table 9: Ele
tri
ity demand tari� for Norrköping 1999.

It is also ne
essary to buy the a
tual ele
tri
ity and the 
osts were 0.616 and

0.416 SEK/kWh for winter working days and other times respe
tively. Be
ause

of su
h high running 
ost the OPERA program tries to de
rease the use of

ele
tri
ity by e. g. adding extra insulation on the external walls. The tari� in

Table 8 was appli
able be
ause the ne
essary 
urrent was as low as about 60

A due to several su
h retro�ts. Solar panels were, however, not 
ompetitive.

The normalised ele
tri
ity pri
e, i. e. the total 
ost for ele
tri
ity divided by

the amount of kWh was 
al
ulated to 0.65 SEK/kWh and solar 
olle
tors, with

pri
es a

ording to Table 5, emerged as optimal devi
es when this average pri
e

was 0.75 SEK/kWh. They are therefore not optimal to install but if energy

tari�s in
rease or if solar 
olle
tors 
ould be a
hieved to somewhat lower pri
es

these devi
es will be of interest for many house owners in Sweden.
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CONCLUSIONS

Solar 
olle
tors seems to be unpro�table for use in Swedish multi-family build-

ings, at least with the pri
es and 
onditions appli
able today. This depends to

a part on the 
heap alternative heat sour
es whi
h are available, e. g. distri
t

heating or sometimes even natural gas. For the south of Sweden the 
ost for

solar 
olle
tors must be redu
ed by about 75 % if they are going to take part

in an optimal retro�t strategy while still 
heaper 
olle
tors must be used in the

north of the 
ountry. There are, however, sites where neither distri
t heating

nor natural gas are available. If the alternative heat sour
es are oil-�red boilers

or ele
tri
ity heating, solar 
olle
tors might be pro�table if they are redu
ed

in pri
e with about 25 %. Single-family, and smaller multi-family buildings in

Sweden, on the other hand, are many times heated with ele
tri
ity and they are

very expensive to 
onvert to other heating systems. With the tari�s used today

solar 
olle
tors are therefore on the rim to be
ome pro�table energy 
onservation

measures.
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