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MENTING EXTENSIVE ENERGY CONSERVATION MEASURES IN NINE
BLOCKS OF FLATS

A. Nilson
Bengt Dahlgren AB, Frofdstegatan 104
5-421 31 Vidstra Frolunda, Sweden

Introduction

The Guldheden Project (1,2) is one of six similar projects,
vhich have been going on in Sweden for the last four years in
multifamily houses at different places. They have all been
initiated by the Swedish Council for Building Research.

The objective was to implement wvarious enerpgy conservation
measures (ECM) and, by advanced measurements, evaluate the
savings and profitability from different combinations of such
measures. Another important objective was to study and docu-
ment the planning, design and implementation process and the
prospective obstacles to this kind of measures.

A final evaluation of the implemented measures was carried out
during 1985. Since then, we have continued our measurements,
but now with less intensity and control. This paper presents
the Guldheden Project and some of the results from the final
evaluation and what has happened during the heating season
1985/86.

Description of the buildings

The Guldheden Project consists of nine similar houses, which
are situated in Gothenburg, where the annual average outdoor
temperature approximately equals +7 C.

A short description of the buildings is given in Figure 1
together with some basic data concerning U-values etc before
retrofits.

Implemented measures

In order to equalize the houses, as much as possible, before
carrying out the extensive measures, a number of more basic
ECM were implemented in all houses. They included adjustment
of the heating and ventilating systems, flow rate regulators
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luate the energy savings also for a "normalized" indoor tempe-
rature, even if you do not always reach that specific level.
This method to recalculate the measured energy savings, is
valuable when you want to analyze the savings from a specific
measure, implemented in houses with different indoor tempera-
tures. We have used a "normalized” temperature of +20.5°C,
together with real measured indoor temperatures.

Energy savings for different combinations of measures

Some preliminary results have been reported (4,5)
final results (6). In this paper
the most important final results.

and some
we will give an overview of

Analyzing bought energy for space and tap water heating for
each house, before and after retrofits, we have achieved
results according to Figure 3. As can be seen from this
figure, the energy consumption varies between the houses
before retrofits, mainly due to differences in indoor
temperature and air change rate. This of course has affected
the energy savings for identical combinations of measures.

Measured data from Figure 3, indicate energy savings of
approx. 15-45 2, based on the energy consumption before
retrofits. All figures are based on the area of the
apartments including the stair enclosures.

To analyze the energy savings for different ECM correctly,
however, you have to analyze the energy consumption for space
heating separately. Our measurements have namely shown that
the energy consumption for tap water heating and for laundry
driers have changed during the experiment . These changes will
affect the energy savings for such measures as additional
thermal insulation, conversion of windows etc.

These are some of the results of such an analysis of different
combinations of meagures:

o The basic measures have provided savings of approx. 40
kWh/m2,year, with a range of variation between 30
kWh/m2,year and 45 kWh/m2,year.

o The combination of basic measures, triple glazing in
stair enclosure and exhaust air heat pump, provided
savings of approx. 60 kWh/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
heat pumps.

o The combination of basic measures, additional thermal
insulation of external walls, conversion of windows to
triple glazing and new triple glazing in stair

-.;I.--------u -
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enclosures, provided savings of approx. 85 kWh/m2,year.

o The “total retrofit” provided savings of approx. 100
kWh/m2,year with the same conditions for the heat pump
as above.

lyze the
For those houses where we have been able to ana

energy savings fér single measures separately, we have the
following results:

o For new triple glazing in stair enclosure, no guaranteed
savings have been provided.

o Conversion of windows to triple glazing, haxe prov%ded
savings of approx. 15 kWh/m2,year. At our normalized
temperature” (+20.5 oc), the savings would have reached
the level 20 kWh/m2,year.

After the final evaluation, we have conti?ued some measure-
ments for 1.5 years. The energy consumption for space hea-
ting, seems to have jncreased with approx. & % as an aver?%e
during 1985/86 for most of the houses camEared to thﬁ results
from 1984/85. This is wvalid at the normalized" indoor
temperature. For house 1 we have got a decrease of approx.

3% instead.

11 to that
The decrease in house 1 seems to correspond we
amount of energy, which we have calculated to be the dewand to
dry out the moisture in the old external walls during the
first year after the implementation of the additional thermal

insulation.

i have been carried
During 1985/86 our monitoring and control
out w%th less intensity than before. Surely, this fact can
explain some of the increases mentioned above.

Some of the increase in house 4 , however, can be explained b§
the fact that the average outdoor temperature in January a?
February 1986 was approx. 50¢ lower than at the same time q
1985. The exhaust air heat pump, namely, can not deliver a?}
energy for space heating when the outdoor temperature E :
extremely low., This fact does not affect the heat pqu tt?
much in house 9, because there we have been able to lqaeﬁ e
water supply temperature to the radiators more than in house
4. This has been possible, because of the “"total retrofit”.

Energy savings for the exhaust air heat pumps

The output of the exhaust air heat pumps in houses 4 and 9 ;5
approx. 25 kW each. During the heating season 1985/86 the
operational time was approx. 7000 h in both houses.
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Approximately 55 % of the total energy output from the heat
pumps has been delivered to tap water heating and approx. 45
% to space heating. The COP was measured to approx. 3.2,
considering only the heat pumps, and approx. 2.5, also
considering the auxiliary pumps etc.

The net average energy savings from the installations of heat
pumps have reached a level of approx. 35 kWh/m2,year.

The variation 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 winter. It depends on an
extra fan, installed to compensate for the pressure drop over
the filter and the cooling coil, which is operating during the
vhole year.

Comparison between measured and calculated energy
consumption data after retrofits

In the beginning of the energy saving process, you have to
carry out some calculations both of the expected energy
savings and the economic profitability. In order to analyze
wvhich differences you get between measurements and
calculations, we have carried out some calculations with the
computer model MSA (7), which in some parts is based on the
BKL-method (8). This model uses monthly energy balances as a
base for the calculations.

As a result of this analysis, differences of approx. +/- 10 %
occurs in houses, where few measures have been implemented and
up to - 20 % in house 9, where the "total retrofit” was
implemented.

The differences seem to be greater in houses with more
comprehensive measures implemented than in others. Besides
imperfections of the model and errors in the measurements, we
have come to the conclusion that mainly four other factors can
contribute to an explanation. These factors are:

o Moisture in the external walls.
o Extra shading effects of the windows when the external
walls were insulated and the old windows were not moved

out to the facade.

o The 1length of the bheating season is shorter in theory
than in practice.

o The absorption of solar energy is greater for the old
surface of plaster than for the new one of sheet metal.
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calculations for these extra energy demands,

Correcting the
2 for all houses. This is

you get differences of about */-15
a good agreement.

Conclusions

The Guldheden Project has shown, that larpge energy savings can
be achieved in existing multifamily houses, when extensive ECM
are combined and well fitted to the specific houses.
Measurements, carried out for more than three years after the
implementation of measures, have shown that as an average
these savings also remain. However, there is a risk that the
savings will decrease, if you stop monitoring the buldings.

Good agreement can be achieved between calculated and measured
data of energy consumption. However, you have to use a good
model, know 1ts limitations and use input data of good

quality.
None the 1less, the most important thing is to implement the

measures in a correct way and to control them very carefully,
preferably by using some kind of an energy management system.

References

Nilson A. and Stadler c-G, It pays to save
energy in apartment buildings. Lessons from the Energy
Conservation Block Project. Report G18:1986, Swedish
Council for Building Research, Stockholm 1986.

(1) Anderlind G.,

(2) Nilson A., Fischer M., Nordberg M. and Walter A., Guld-
hedsprojektet. Energisparkvarter i Gbteborsg. Energiom-
bypgnad i ett 50-talsomrade. Report R36:1987, Swedish

Council for Building Research, Stockholm 1987 (finnl

report in Swedish).

(3) Fracastoro G.V. and Lyberg M.D., Guiding principles
concerning design of experiments, jnstrumentation and mea-
suring techniques. International Energy Agency (IEA),

Annex 111, Document D11:1983, Swedish Council for Building
Research, Stockholm 1983.

Nordberg M. and Walter A., The

(4) Nilson A., Fischer M.,
full-scale study of the

Guldheden Project. A

effectiveness of energy conservation measures in nine
blocks of flats. CLTIMA 2000 Proceedings, vol. 3,
Copenhagen August 1985, VVS Kongres ApS, Charlottenlund
1985.

4

347

(5) Ni i
) Nilson A., Fischer M., Nordberg M. and Walte: A., The

(6)

(7)

(8)

Guldheden Proj

. ject. A full-scale

;ggs:;;gslon measures in nine blgg;gy g§ ?gergy

Proceedings o£ the  ASHRAE/DOE/BIECC Conference on Thermal

Clearwater geacﬁhe E;;eiéor Envelopes of Buildings 11?
r ’

Atlanta, Georgia 1986. 8 BEcember 59 E205,  ASHRAES

Nilson ) y
Evaluatioﬁ o?nd Walter A., The Guldheden Project
Sorre ot Tl energy conservation measures in e
e santaacs by measurements. Proceedings for the ?;gz
Busloings vo!rgz( Summer $tudy on Energy Efficienc i
Buildings, vol. EngirgsEfBg1lding Technologies ), Amezicag
S gy ficient Economy, Washington, D.C.
Nilson A., The MSA
. -method. A
n A computerized
bziigi:;;ngn;hefpotential gf energy sgvings for nggiidioi
afional Toom OEL;HE Zggas;ing stock of buildings ataa
R roceedings, vol.
gen August 1985, VVS Kongres ApS, Cha%léttenlung,lgggenha_
Ada : '
met:zgn Eé and Kgllblad K., The BKL-method. A simplified
Document Dﬂtlggz icéweﬁ?iﬁgé mort e toR ity Tee==c
S ] ouncil for Building Research,
General © Nine houses built 1952-1

r \ o Eight to Ten storeys, 3.

T N © 332 apartments.

Externgl o Concrete , light [ i

L L fxle Concrete ,d ghs\;:rl?h' toncrete as insulalion,

L ol-value 0,92 W/m? K

L L Attic floor o Concrete,minerd wool .

5 oU-value 0,711 W/mZ K

t Indows o Two pane \inked casement.

L tin o District heati

Lo rooms. in each house - Porote epporotus

1 L Yentilation o Mechanical exhaus! air,

o Air change rate approx.0,8 h -1
/ Temperatures o Apartments 21,3 °C {average). '

Figure 1. Description of buildings before retrofits




