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ABSTRACT

This study is based on the analysis of approxi-
mately 1000 questionnaires, which include in-
formation about the incomes, the oil and elec-
tricity consumptions as well as characteristics
linked to the type, the size, the existing thermal
insulation materials and the indoor air tempera-
tures of the buildings.

The data were normalised according to the
outdoor air temperature as well as according to
the surface area of the building. Then an attempt
to correlate the two investigated parameters
with income was made.

At first four different building categories
were considered (non-insulated apartments, in-
sulated apartments, non- insulated detached
houses, insulated detached houses). Following
this categorisation, it is evident that a better ap-
proach can be achieved considering exponential
laws.

1. INTRODUCTION

Nowadays it is evident in building design that
the construction should aim to:

- Use materials which are environment-
friendly and do not harm the inhabitants
health.

- High energy efficiency combined to the low-
est possible cost not only of the construction
but also of the subsequent energy demand for
heating and cooling.

- The protection of the outdoor environment
by minimising emissions and by avoiding
bad microclimatic changes.

Public and residential buildings in Europe

have an energy consumption of 40% of the total
energy demand (Brussels, 2001). In particular,
from the energy consumed in residential build-
ings 57% is for space heating, 25% is for water
heating, 11% is for electrical appliances and
lighting and 7% is for cooking. Evolution of
building energy consumption shows a continu-
ous increase and considering the climatic
changes, the heating energy consumption is ex-
pected to increase up to 70% until 2030. How-
ever, in Greece the above consumption are
much higher considering that 77% of the build-
ings are not insulated. This percentage is the
highest between the European countries.

The energy saving measures in the building
sector, not including the use of renewable en-
ergy, can be summarised below:

- Replacement of old boilers, which can lead
to reduction of about 5% of the total heating
consumption.

- Insulation of old buildings.

- Reduction of energy consumption through
bioclimatic building design, optimising the
solar gains for natural lighting, heating, natu-
ral ventilation and cooling. It has been calcu-
lated that such an optimisation can reduce
energy consumption up to 60% while amelio-
rating the outdoor air quality.

Given that oil isthe mainly used fuel for cen-
tral heating units, it is evident that not only the
cost for the Greek economy but also the aggra-
vation of the atmosphere by emissions are
overwhelming quantities. Therefore, it is neces-
sary to study in detail the existence of the rela-
tion between income, residential building qual-
ity, residentia buildings characteristics and en-
ergy consumption.
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Table 1: Regression lines (y = ax”) between consumptions and surface area (x). R represents the correlation coefficient.

Type of building Electrical consumptions (z;) Oil consumptions (z,)
Non-insulated apartments 7, = 158.5x" " R = 0.429 2,=356.1x""" | R=0.428
Insulated apartments 7,= 277.1x%% R =0.316 2,=7975x°® | R=0.337
Non-insulated detached houses | z, = 392.3x%% R=0.301 2,=365.6x"%" | R=0419
Insulated detached houses 7, = 474.2x>' R=0.417 2,=625.1x*"® | R=0518

2. STATISTIC RESEARCH

The statistic research was based on a series of
questionnaires (National Statistical Organisation
of Greece, 1993) that covered the city of Athens
and provided with information about approxi-
mately 1000 residential buildings. From these
residential buildings 57% are apartments and
43% detached houses. More than 75% of these
buildings were constructed after 1970 and the
main source for space heating is oil (94%). As
far as the insulation is concerned, aimost half of
them are insulated while less have double glaz-
ing units.

The indoor temperature at which the users
turn on the heating units varies between 15 and
25°C. Approximately, 45% of the users turn on
the heating system when the indoor temperature
IS between 18 - 20°C, while the operating time
of 60% of the heating units varies between 5-9
hours.

According to the above information, a corre-
lation between the oil consumption, the electric-
ity consumption and income was attempted.

It should be noted that the value for the en-
ergy consumed for heating has been normalised
according to the outdoor temperature for the pe-
riod that the questionnaires refer to, so that the
results would be independent of the tempera
tures observed during that period.

3. RELATION BETWEEN CONSUMPTION
AND SURFACE AREA

In this paper, four categories were generated ac-
cording to the type of the residential building
and the existence or not of insulation in each
one. Therefore the four categories are:

- Non-insulated apartments.

- Insulated apartments.

- Non-insulated detached houses.
- Insulated detached houses.

At this point other parameters such as the

floor, the neighbouring with other apartments,
the existence of double glazing units, the use of
air-conditioning etc, were not taken into ac-
count.

Then for each building category a correlation
between the electricity or the oil energy con-
sumption and the surface area of the building
was attempted.

It isevident (Table 1) that the consumption is
correlated to the surface area in a power-law
fashion and al the correlations are statistical
significant in the significant level of 0.05
(R>Roos (critical)). This statistical significant
result allowed the normalisation of the con-
sumption values according to the relations in ta-
ble 1. The constant a of the relation for the insu-
lated buildings is greater than that for the non-
insulated ones, which primarily seems uncom-
promising. However, by calculating the average
income for each type of building, which was 11
— 34% higher for the people living in insulated
houses, this diversification can be justified.

4. ELECTRICAL CONSUMPTION AND IN-
COME

As a first approach the relation between the
normalised values of electrical consumptions
(kWh/m?year) and income (x) for each of the
categories previously defined.

It is obvious for al 4 categories (Figs. 1a, b,
c, d) that the optimum regression line is loga-
rithmic, i.e. a statistical significant linear corre-
lation exists between the logarithmic values of
income and normalised values of the electrical
consumption (kWh/m?year). In all cases a statis-
tical significant decreasing tendency for the
consumption is observed as a function of in-
come, approximately 2 - 5 kWh/mear for
every 1000 euros raise of income. It is also evi-
dent that, the consumption of electricity in
apartments is of this order of magnitude regard-
less of the existence of insulation. Moreover, the
consumption in detached houses is dightly
higher, especialy in insulated detached houses,
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where the decreasing tendency of the consump-
tion in relation to income is more significant.

5. ENERGY CONSUMPTION FOR HEATING
AND INCOME

In order to extract a relation between energy
consumption for heating and income x the resi-
dential buildings were categorised as stated pre-
viously. The optimum regression line was loga-
rithmic (Figs. 1a, b, ¢, d) and statistical signifi-
cant in the significant level of 0.05.

Generdly, a dtatistical significant negative
correlation is observed between consumption
and income, which varies from 2 to 9
kKWh/mPyear per 1000 euros raise of income. In
this case the consumption in detached houses is
higher than in apartments which can be attrib-
uted to the fact that the walls of detached houses
are exposed to outdoor conditions.
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Figure 1a: Apartments without insulation.
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Figure 1b: Insulated apartments.
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Figure 1c: Detached houses without insulation.
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Figure 1d: Insulated detached houses.

6. CONTRIBUTION OF DOUBLE GLAZING
IN THE REDUCTION OF ELECTRICAL EN-
ERGY CONSUMPTION

The categories defined previously were divided
into two sub-categories depending on whether
the building had double glazing windows or not.
The purpose of this was to investigate the im-
pact of double glazing units on energy con-
sumption for heating.

Asshown in Table 2 only in the case of insu-
lated buildings the existence of double glazing
contributes in the statistical significant con-
sumption decrease (t values are greater than the
critical value 1.96 at the 0.05 significant level).
The presence of double glazing especialy for
the non-insulated detached houses does not of-
fer any reduction of energy consumption for
heating due to the fact that all walls are exposed
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Table 2: Mean values of oil consumption (KkWh/m?year)
and t values statistics of the differences of the mean.

Typeof building | DOUA® | Sindle |
glazing | glazing

Non-insulated 1294 | 1324 1.65

apartments

Insulated apart- 1340 | 139.8 | 2.72ss.

ments

Non-insulated

detached houses | 146 | 1479 | 013

Insulated de-

tached houses 1037 | 1700 | 205ss

to the outdoor conditions.

7. CONCLUSIONS

The first general conclusions drawn from the
study of the electrical and space-heating energy
consumption of approximately 1000 residential
buildings situated in the greater region of Ath-
ens can be summarised below:

1. The normalised values of electrical consump-
tion and the respective monthly income val-
ues are related logarithmically. The observed
negative correlation is statistical significant
for all cases. Furthermore, the observed re-
duction of consumption with the increase in
income is significant.

2. The energy consumption for space heating is
inversely proportional to income for all types
of buildings. These parameters are related by
a logarithmic law and have a statistical sig-
nificant reduction in consumption (2-9
kWh/m®year) for every 1000 euros increase
of the income.

3. The presence of double glazing units in resi-
dential buildings results in a statistical sig-
nificant lower mean value of space-heating
energy consumption only for the case of in-
sulated residences. Especidly in non-
insulated detached houses no reduction in
consumption is observed.
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