
ENERGY  SAVINGS  FOR  RESIDENTIAL  HEATING  IN  TWO 
PAIRS  OF  BUILDINGS  ACHIEVED  BY  IMPLEMENTATION  OF 

ACTUALLY  CONSUMED  ENERGY  MEASURING

by

Branislav ŽIVKOVI], Maja TODOROVI], and Petar VASILJEVI]

Original scientific paper
UDC: 697.514

BIBLID: 0354-9836, 10 (2006), Suppl., 4, 79-88

The pa per pres ents re sults of heat ing en ergy con sump tion mea sure ments in
two pairs of build ings in community New Bel grade for two heat ing sea sons.
In flu ence of these mea sure ments on en ergy sav ings is also pre sented. The
mea sure ments were car ried out dur ing heat ing sea sons 2002/03 and
2003/04 in build ings in Block 34 and 63, con nected to the dis trict heat ing
sys tem “Beogradske elektrane”. The build ings in each pair have sim i lar ar -
chi tec tural and ther mal char ac ter is tics. One of the build ings in a pair was
“test” build ing and the other “con trol” one. In the “test” build ing the en -
ergy con sump tion for heat ing of each apart ment was mea sured, as well as
to tal en ergy con sump tion for the whole build ing in the sub sta tion. Oc cu -
pants were able to reg u late the heat ing sys tem. In the "con trol" build ing the
en ergy con sump tion was mea sured only for the whole build ing, and oc cu -
pants had al most no im pact on heat ing en ergy con sump tion. The com par i -
son of en ergy con sump tion for heat ing in the “test” and “con trol” build ings 
is given in the pa per, as well as anal y sis of the in flu ence of en ergy con sump -
tion mea sure ments on the achieved en ergy sav ings.

Key words: district heating system, heating consumption measurement,
allocators, energy savings

Introduction

This pa per has re sulted from the de vel op ment and re search pro ject “Im ple men -
ta tion and mon i tor ing of ef fects of heat flow me ters in pi lot-build ings in com mu nity New
Belgrade con nected to the dis trict heat ing sys tem PU Beogradske elektrane”, fi nanced by 
the Min is try of Sci ence, Tech nol ogy and De vel op ment of the Re pub lic of Ser bia. This
pro ject has been sup ported by Ger man gov ern ment through KfW bank, which had pro -
vided nec es sary equip ment for mea sur ing en ergy con sump tion for heat ing de liv ered by
dis trict heat ing sys tem.

Ob jec tive of the pro ject was to show po ten tial ben e fits of in stalled heat flow me -
ters to en ergy con sump tion for heat ing. The ob tained re sults show that en ergy sav ings are 
achieved with small in vest ment, with out sac ri fic ing ther mal com fort. 

Re search has been made us ing two pairs of build ings con nected to the dis trict
heat ing sys tem. All sub sta tions have been re con structed prior to the heat ing sea son. One
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of the build ings in each pair was a “test” build ing, in which mea sured was en ergy con -
sump tion for heat ing in ev ery apart ment. The other one was a “con trol” build ing in the
sub sta tion of which mea sured is only en ergy con sump tion of the whole build ing. Heat
flow me ters have been in stalled in all sub sta tions. In ad di tion, in “test” build ings there
have also been in stalled ther mo static ra di a tor valves and al lo ca tors on each ra di a tor. In
such a way, oc cu pants in “test” build ings have been given op por tu nity to con trol au to -
mat i cally en ergy con sump tion sup plied by district heat ing sys tem in ac cor dance with ac -
tual heat ing de mands, thus save en ergy to gether with sat is fy ing ther mal com fort. Re mote 
read ing and pa ram e ter set ting were also avail able.

Buildings description

One pair of build ings is lo cated in the Block 34, in Bulevar AVNOJ-a Street.
These build ings were built about 20 years ago with rel a tively good ther mal in su la tion
(av er age U-value is 0.7 W/m2K). The “test” build ing is in Bulevar AVNOJ-a Street
209-217, and has a base ment, ground floor, 6 floors and an at tic (fig. 1 left). There are 135 
apart ments in the build ing. To tal build ing area is 6653 m2. Heat loses for the whole build -
ing are 778.65 kW for the de sign con di tions, and installed heat ing ca pac ity is 854.982
kW. The “con trol” building is in Bulevar AVNOJ-a Street 183-193, with sim i lar
architectural and thermal char ac ter is tics and to tal build ing area of 7369 m2. There are 125 
apart ments in the build ing. Heat losses for the whole build ing are 716.713 kW for the de -
sign con di tions, and installed heat ing ca pac ity is 767.85 kW.
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Figure 1. Pilot-buildings in community New Belgrade, Blocks 34 and 63, where energy
consumption for heating was measured



The other pair of build ings is in Block 63, in Nehruova Street, older than the first 
pair and with poorer ther mal in su la tion (av er age U-value is 0.9 W/m2K). These are
high-rise build ings with a base ment, ground floor and 17 floors. The “test” build ing is in
Nehruova Street 61 (fig. 1 right). Sub sta tion is lo cated in the base ment. There are 70
apart ments in the build ing. To tal build ing area is 5282 m2. To tal heat losses for the de sign 
con di tions are 619.673 kW, and in stalled heat ing ca pac ity is 688.64 kW. Spe cific heat ing 
ca pac ity per square me ter of an apart ment is 130.5 W/m2. The “con trol” build ing is in
Nehruova Street 77 and is iden ti cal to the “test” build ing.

The obtained results of measurements

Mea sure ments have been made dur ing two heat ing sea sons. Re search has re -
sulted in de ter min ing sav ings of en ergy for heat ing, de liv ered by Dis trict Heat ing Com -
pany (DHC) “Beogradske elektrane”, for each heat ing sea son. Fig ures 2 and 3 show cu -
mu la tive en ergy con sump tion for heat ing in “test” and “con trol” build ings for two
heat ing sea sons.

En ergy sav ings in the “test” build ing in the Block 34 amount to 13.8%, i. e.
105 MWh in the heat ing sea son 2002/03, and 15%, i. e. 123.6 MWh in the heat ing sea -
son 2003/04. In the Block 63, the “test” build ing en ergy sav ings in both heat ing sea sons 
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Figure 2. Cumulative energy consumption for heating in “test” and
“control” buildings in the Block 34 for two heating seasons



are al most the same, i. e., 10.5% – 70 MWh. Cen trif u gal pumps with elec tri cally con -
trolled speed were in stalled in sub sta tions of “test” build ings, thus en abling work ing re -
gime with vari able flow. There are also sig nif i cant power sav ings for pumps op er a tion
in “test” build ings of about 40% – 2 MWh in each heat ing sea son.

En ergy con sump tion dis trib uted by dis trict heat ing sys tem was mea sured in reg -
u lar pe ri ods of time dur ing each heat ing sea son, thus en abling de ter mi na tion of en ergy
con sump tion per month. Ab so lute en ergy sav ings in “test” build ings achieved per month
are shown in figs. 4 and 5. Max i mum ab so lute en ergy sav ings are achieved dur ing colder
months and at the be gin ning of heat ing sea sons.
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Figure 3. Cumulative energy consumption for heating in “test” and
“control” buildings in the Block 63 for two heating seasons

Figure 4. Absolute energy savings in “test” building per month achieved in
Block 34 for two heating seasons



Since there is a dif fer ence be tween “test” and “con trol” build ings in the Block
34 (men tioned above in buildings de scrip tion) con cern ing the to tal apart ment area, it is
nec es sary to determine en ergy con sump tion per square me ter of an apart ment. Monthly
en ergy con sump tion per square me ter of an apart ment for "test" and "con trol" build ings
in Blocks 34 and 63 for two heat ing sea sons is shown in figs. 6 and 7.
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Figure 5. Absolute energy savings in “test” building per month achieved in 
Block 63 for two heating seasons

Figure 6. Monthly energy consumption per square meter of an apartment in the "test" and
"control" buildings in the Block 34 for heating season 2002/03 (a) and 2003/04 (b)



From the fig. 6 one can see that con sump tion per square me ter of an apart ment in 
the “test” build ing is higher in Jan u ary and March 2003, as well as in Feb ru ary and March 
2004. Since these pe ri ods were the cold est, oc cu pants in the “test” build ing had taken op -
por tu nity of heat ing sys tem reg u lat ing pos si bil i ties and  had in creased own ther mal com -
fort, thus en ergy con sump tion too, com par ing to the “con trol” build ing. In the Block 63
the “test” build ing had been sav ing en ergy dur ing both heat ing sea sons, since the en ergy
con sump tion per square me ter of an apart ment was lower than in the “con trol” build ing
for each month.

Rel a tive en ergy sav ings per month in “test” build ings are shown in figs. 8 and 9.
Max i mum rel a tive en ergy sav ings were achieved at the be gin ning and at the end

of heat ing sea sons. Dur ing these pe ri ods the out door tem per a tures were higher, as well as 
So lar heat gains, so oc cu pants in “test” build ings had reg u lated heat ing in the apart ments
avoid ing over heat ing. Rel a tive sav ings of less than 10% achieved dur ing colder pe ri ods
of heat ing sea sons are not neglectable, be cause there were sig nif i cant ab so lute en ergy
savings, as shown in figs. 4 and 5.

Fig ures 10 and 11 show the mea sured en ergy con sump tion of each apart ment in
“test” build ings dur ing two heat ing sea sons.

The “test” build ing in the Block 34 con sists of 5 lamels (Bulevar AVNOJ-a No.
209, 211, 213, 215, and 219). Each lamel has be tween 22 and 35 apart ments. Fig ure 10
shows only en ergy con sump tion of apart ments in Bulevar AVNOJ-a 213, in lamel 3. En -
ergy con sump tion was mea sured in all 135 apart ments in the build ing, but in this pa per is
given a di a gram of en ergy con sump tion of apart ments in lamel 3, as rep re sen ta tive data.
Di a grams of en ergy con sump tion for other four lamels are more or less sim i lar. As it is
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Figure 7. Monthly energy consumption per square meter of an apartment in the “test” and
“control” buildings in the Block 63 for heating season 2002/03 (a) and 2003/04 (b)



ob vi ous from the figs. 10 and 11, en ergy con sump tion dif fers a lot be tween apart ments.
In this case en ergy con sump tion per apart ment is af fected by many fac tors, such as: po si -
tion in the build ing, ori en ta tion, to tal apart ment area and, of course, oc cu pants' will ing -
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Figure 8. Relative energy savings per month achieved in
“test” building in the Block 34 for two heating seasons

Figure 9. Relative energy savings per month achieved in "test" building in the Block
63 for two heating seasons



ness to save en ergy for heat ing. Since there were no changes in tar iff sys tem, which
means that oc cu pants still pay fixed price for heat ing de pend ing only on the apart ment
size, there was no stim u la tion for oc cu pants to be ra tio nal con cern ing en ergy con sump -
tion for heat ing.
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Figure 10. Energy consumption per square meter of each apartment in Lamel
3 (Bulevar AVNOJ-a Street 213) of “test” building in the Block 34 for two
heating seasons

Figure 11. Energy consumption per square meter of each apartment in “test”
building in the Block 63 for two heating seasons



Ta ble 1 shows av er age an nual en ergy con sump tion per square me ter of an apart -
ment in each build ing for two heat ing seasons.

Table 1. Average annnual energy consumption per square meter
for two heating seasons

Heat ing
sea son

Av er age annual en ergy con sump tion [kWh/m2]

Block  34 Block  63

“Test” “Con trol” “Test” “Con trol”

2002/03 114 117 111 124

2003/04 105 111 111 124

Conclusions

On the ba sis of the ob tained re sults, pos si ble sav ings eval u a tion has been made
for the scope of the “New Bel grade” heat ing plant, as well as for the whole city. It is nec -
es sary to em pha size that en ergy sav ings were ac com plished with out tar iff sys tem change, 
which means that the “test” build ings oc cu pants still pay flat sum for heat ing in de pend -
ence of the apart ment size, and not in ac cor dance with ac tual en ergy con sump tion. Re -
sults  can be ap plied to all dis trict heating systems in Serbia.

Re sults ob tained by mea sure ments of en ergy con sump tion for heat ing in each
apart ment  in  two “test” build ings, with to tal area of  12000 m2, show en ergy sav ings of
180 MWh of  heat en ergy in each heat ing sea son, which is pro por tional to fuel sav ings of
23 t per year. If all the apart ments in the scope of the “New Bel grade” heat ing plant ap plied
the same mea sures (in stall ing of ra di a tor valves with ther mo static heads and al lo ca tors on
each ra di a tor), the es ti mated en ergy sav ings would amount to 52800 MWh per year, which
is pro por tional to fuel sav ings of 6750 t per year. If the re sults are ap plied to the whole city
of Bel grade, sav ings in DHC “Beogradske elektrane” will be 115000 MWh per year, i. e.
14700 t of fuel per year.

With the cor re spond ing tar iff sys tem change along with charg ing ac tual en ergy
con sump tion from the dis trict heat ing sys tem, con di tions for mo ti vat ing us ers to save en -
ergy would be formed. On the ba sis of ex pe ri ences reached dur ing this re search pro ject
and ex pe ri ences of other East Eu ro pean coun tries with sim i lar win ter cli mate con di tions,
eval u a tion shows much higher sav ings. They would be about 324000 MWh per year of
en ergy from dis trict heat ing sys tem in Bel grade, i. e. 41000 t per year of fuel sav ings.

In or der to achieve these sav ings nec es sary is to pro vide:
· technical conditions for energy savings for apartment heating (thermostatic radiator

valves), and
· oc cu pants' mo ti va tion for heat ing en ergy sav ing (mea sure ment of en ergy con sump -

tion from dis trict heat ing sys tem and charg ing the ac tual en ergy consumed).
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