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SYNOPSIS

The purpose of an energy conservation project carried out in
Norway 1979 - 82 was to demonstrate in practice how energy con-
sumption may be reduced both sicnificantly and cost-effectively
in existina buildings. The project included 28 commercial and
institutional buildings.

One of this buildings was a 14-storey office-block in Oslo, built
in 1971. The main reduction in energy consumption in the buil-
ding was achieved by thighteninag air leaks between concrete wall
elements and windows. The thightening was done by applving sea-
Ting compound in two critical type of joints in the facades.

The energy consumption has been measured one year before and

after the retrofittina. Thermocraphy was used to find the air
leaks and to verify the tightening afterwards. In addition
pressure tests were carried out by using the buildings ventila-
tion system, in order to obtain an estimate of the total infiltra-
tion. The leakage at 50 Pa was reduced from about 6,3 ach to
about 3,0 ach.

The retrofitting including some changes in the ventilation
systems and running time resulted in a reduct%on in the energy
consumption with 705.500 kWh/year or 95 kWh/m"~ year. The pay-
back period (including all project costs) was 1,2 years.

THE MAIN PROJECT

This energy conservation project was a co-operation project bet-
ween research organisations, HYAC-contractors and -consultans
and building owners. The purpose was to demonstrate in practice
how energy consumption may be reduced both significantly and
cost-effectively in existing commercial and institutional
buildings.

The project was co-ordinated by NVEF (the Norwegian assosiation
for HVAC-contractors and -producers) and included 28 buildings
spread all over Norway. Each building got a project team con-
sisting of HVAC-contractor, -consultant, -control contractor
and -user. The Norwegian Building Research Institute assisted
the project teams with measurements and computer calculations.

The project was carried out in 1979-82. 1In this period the pro-
ject teams suggested a total of 327 energy saving measures with
less than 3,5 years payback period. Because some building
owners did not manage to finance all suggested measures only
170 measures were carried out in the project period. This re-
duced the energy consumptign in 27 of the buildings with 12,5
~mill kWh/year = 74,4 kWh/m", year which correspond to 23% reduc-
tion.
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2.1

The proaect is documented in a main report and a short version
renort! in Norwegian covering all 28 buildings.

The building in this case study

Construction. 14 storeys, tot.3f1oor area ,= 7400 m2.

Tot. heated volume = 24.200 m© = 1729 m™/storey.
Concrete wall-elements of sandwich-type.

Concrete floors and columns. Double glazed windows. Built in
1971.

Heating. A1l electric. Electric room units 1nduct108 units)

under all windows. Outdoor design temperature = -20

Ventilation. 2 main systems with rotary heat exchangers, 70%

efficiency. Electric main batteries. Separate system for floor

no. 14 with recirculating air at night. Induction units under
all windows, diffusers in inner zones. Ectraction = -control
valves in all rooms.
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Fig. 1. The case bui]ding. Herslebs gate 19, Oslo
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3.1

RETROFITTING MEASURES

Reducing air infiltration

The first site visit revealed high air infiltration rates through

. slots between the wall elements. This was later documented with

thermography and pressure tests. Because of the infiltration it
was impossible to keep the rooms sufficient warm in the winter
time with the electric room units. Therefore the ventilation
had to run all night at outdoor temperatures below 0°C. Even
with rotary heat exchangers this costed a 1ot of enerqv for
heating the supply air.

The two leak points (slots)

T under all windows was tight-
< ened by applying sealing
ififvid v compound from inside. Easy
e 9 access was made by removing
the front panels of the
induction units.
The Teak point over the
windows was very difficult
to reach and was therefore
Teft untightend.
Leak
The cost for the tightening
including removing and re-
placing of front panels
was kr. 85.000,- for the
whole building.
After the tightening the
i indgor temperature was over
< 20 °C a1l the winter with
5‘3 the ventilation turned off
§§§ in the nights and weekends.
DG
§§§ The reduction in infiltra-
! ;ﬁ? tion and ventilation energy
5 4B was approximately
(7.7 e PR o 340.000 kWh/year.
T 59 4o e f’_;
I
0
X
e
AXE:
Fig. 2

Wall construction and leak points
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3.3

4.1

Other measures

Humidification stopped. Before the project started the humidi-

fiers in the ventilation svstems was set to qive 60% R.H.

The measure was here simply to turn the humidifiers completely
off without telling the office workers. This saved aporoxi-
mately 200.000 kWh/vear without any costs and with very few com-
plains. Because of hygroscopic heat exchangers the hum1d1ty
never got under 30% R.H. :

Rebuilding top floor ventilation systems, recirculation.

The top floor contained canteen, kitchen and meeting room with
separate ventilation systems for outdoor air only without heat
exchangers. These systems was running all the time. The measure
here was: Rebuilding one of the systems to allow recirculation
in nichts and week-ends controlled by a time switch. The two
other systems was simply turned off when not in use by mounting
time switches. These measures costed kr. 16.400,- and saved
approximately 165,500 kWh/year.

Payback time

The total energy reduction was 705.500 kWh/year corresponding to
28,6% reduction. The measured energy consumption for heating
and ventilation the second heating season is here corrected to
the same outdoor temperature-time as the first heating season.

With a price for electric energy of kr. 0,21/kWh (1980) this

gives a net payback time of 0,7 years. Including project costs
the payback time is 1,2 years.

AIR INFILTRATION ENERGY LOSS

The yearly energy consumption for ventilation and heating was
measured together. Lack of information of running time for the
ventilation makes it difficult to separate the different heat
losses. Measuring the building leakage at 50 Pa before and

after tightening allows however an approximate calculation of the
infiltration loss. This was done with the computer program
ENCORE?, together with the cauculation of the transmission loss.

Measured pressure difference inside/outside

The measurements of pressure distribution was done in connection

.with the thermography before and after retrofitting, see fig. 3.
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i Before treatment

144 ___Syst. 3 ty =-2,2°C
12 - x—-—x Supply only
x——~—x Extract only
10 Syst. 2 p SR x Normal vent.
2 84 ¢ 0 ek~ After treatment
> t, = 0°C
2 g
;,E; 6———© Supply only
4% N Syst. 1 ©——-© Extract only
\ . Qe=n==- © Normal vent.
2-
T T T i u| T T
-40 -30 -20 -10 0 +10 +20 +30 +40 Pa
Fig. 3. Pressure distribution, inside/outside
4.2 Measured air flow

Syst. 1: Supply, normal and extract fan stopped 25.900 m3/h

Supply, only extract fan running = 800 "
Extract, normal = 28.200 "
Syst. 2: Supply, normal = 24,300 "
Supply, only extract fan running = 1,200 "
Extract, normal = 22.500 "
Extract, only supply fan running = 200 "
Syst. 3: Supply and extract, design values = 11.400 "

The air flow was measured the same day as the pressure distribu-
tion after treatment was measured. Method: Ducttraversing with
calibrated hotwireanemometer, type TSI 1650, according to Nordic
guidelines?3.

The air flow before treatment was measured by the project team

in March 1979. These measurements correspond within - 10% to
our measurements in Dec. 1980.
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4.3

Calculation of building tightness

Measurements of pressure differences inside/outside were carried
out only as a control for the thermography and are therefore com-
plete only in 4, - 7. storey. Using this data and measured air
flow in svstem 1 it is possible to calculate approximate values
of building tightness before and after treatment.

The formula used has been tested by Railio*.

M50 = nm

50 Pay0,7
e

Before treatment:

a)

b)

c)

Supplv - extract (fan stopved) = 25.900-800 = 252100 mo/h
Air changes: n_ = 25.100/ (7 +1729) = 2,07 h”!
Measured over-pressure = (7 + 6)/2 = 6,5 Pa

Air changes at 50 P_: ngo = 2,07 (50/6,5)">7 = 8,63 h”’

Extract - supply (fan stopped) = 28.000 m3/h (approx.)

Air changes: n_ = 28.000 (7+1729) = 2,31 !

Measured under-pressure = (30 + 15)/2 = 22,5 Pa
Air changes at 50 Pa: ng = 2,31 (50/22,5)°%7 = 4,04 h™'
Mean leakage number: ng) = (8,63 + 4,04)/2 = 6,3 h!

After treatment:

a)

b)

c)

Measured over-pressure = (30 + 30)/2 = 30 Pa
ngg = 2,07 (50/30)%7 = 2,96 n”’
Measured under-pressure = (40 + 30)/2 = 35 Pa
ngy = 2,31 (50/35)%7 = 2,97 7!
Mean leakage number: ng, = 3,0 h!
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4.4

Energy consumption senarated on the users

A11 the measured and calculated energy consumption for dif-
ferent use together with the measured (temperature-corrected)
total comsumption before and after retrofitting is shown in

fig. 4.
350
300 -
2501 237,4 ~
=]
% 174,1 - a7
£ 200-
ES 105,8
4
150 4
100 -
50 - :
54,8 misc.
0 7.8 h.water - -
1979-80 1980-81  Year
Saving: 95,3kWh/m?y = 705500kWh/y = 28,6
Fig. 4. Energy consumption before and after retrofitting
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