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n this study, GEPVP assesses the energy
and environmental benefits from
advanced double-glazing in the EU25

and compares them to the actual production of
CO2 emissions of the European flat glass indus-
try. It is shown that the CO2 emissions of the
European flat glass industry are almost negligi-
ble compared with the potential savings that can
be achieved and the total CO2 emitted by the
building sector.

At the level of the European Union (EU25),
the total CO2 emitted by buildings amounts to
765 million tonnes of CO2 per year, whereas the
architectural glass industry only releases 4.6
million tonnes of CO2 per year, with a potential
gain of 140 million tonnes of CO2 per year.

It may thus be concluded that the CO2 emit-
ted by the flat glass industry is greatly out-
weighed by the potential gains obtained by
using high performance insulating glass units.

INTRODUCTION
With the Kyoto Protocol being progressively

implemented at EU and national levels, govern-
ments are increasingly on the lookout for new
energy saving and CO2 reduction possibilities.
Industry is already targeted with emissions trad-
ing and will be required to seriously reduce its
CO2 emissions. Industries producing insulating
products, and, in particular, the flat glass indus-
try with its new advanced insulating glass units,
can do more than just reduce their energy con-

The implementation of the Kyoto Protocol in European Union countries
is leading governments and industries to look for ways to reduce their
consumption of energy. In this report, GEPVP, the European Association
of Glass Manufacturers, compares the total emissions of the flat glass
industry to produce glass, with the savings obtained by upgrading
single glazing and basic double glazing.
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sumption and CO2 emissions: they can also con-
tribute to a significant reduction in building sec-
tor related emissions.

This paper compares the total emissions of
the flat glass industry to produce glass with the
emission reductions it enables when its products
are used in buildings. It demonstrates that the
replacement of ordinary glazing, either single or
double, by low-E double-glazing, leads to CO2

reductions, which by far outweigh the emis-
sions, incurred at the production stage of all
types of flat glass for building.

With the application of the Kyoto protocol in
February 2005, the sooner the replacement of
ordinary glazing occurs the sooner these results
will be realized. The products are available on
the market. In many Member States the pay-
back time on investment is three years or less.

We are therefore requesting authorities to
seriously consider changing their building regu-
lations or legislation in order to require the
replacement of ordinary glazing with high per-
formance energy saving low-E double glazing
that would significantly reduce CO2 emissions.

LOW-E EFFECT ON DWELLING SPACE
HEATING AND CORRESPONDING CO2
EMISSIONS: BENEFITS OF SOLAR GAIN

With low-E double glazing, energy losses
through windows become so reduced that they
are more than compensated for by solar gains

CARBON DIOXIDE BALANCE

FIG. 2

coming from outside. This results in a positive
energy balance, i.e. the energy leaving the house
through the window is less than the energy com-
ing into the house through the windows due to
sunlight. The same applies to CO2 emissions,
meaning that there is a net reduction in CO2

emissions for the whole building.
Figure 2 illustrates this effect in the case of a

moderate climatic zone that can be found in
Austria, Belgium, Denmark, France, Germany,
Great Britain, Ireland, Luxembourg and The
Netherlands. When using single glazing, the
energy required for space heating would lead to
CO2 emissions (loss) amounting to 142 kilos of
CO2 per square metre of glazing each year. But
these losses are lowered by solar gains and the
balance of the two effects leads to an actual
emission of 84 kilos of CO2.

When using basic double-glazing, this bal-
ance emission decreases to 22 kilos of CO2 per
square metre of glazing each year. The use of
low-E double-glazing inverses this trend. The
net effect becomes a saving of 13 kilos of CO2

per square metre of glazing each year.

THERMAL PERFORMANCE OF GLAZING
The thermal performance of glazing is char-

acterized by its U* value (or heat loss factor),
which is a measure of the rate of heat loss per
square metre of glazing or other construction
material for a temperature difference of 1
Kelvin across the material. The lower the U
value of a glazing product, the lower the heat
loss, i.e. the higher the thermal insulation effect.
The calculation method of the U value is given
in the European standard EN 673. 

WORKING PRINCIPLE OF LOW-E GLAZING

FIG. 1
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(*In former French and German technical lit-
erature, the U value is called ‘coefficient k’ or
‘k-Wert’ respectively).

Three major types of glass products are used
in buildings:
1. single glazing: glazing made out of one sin-

gle pane of flat glass;
2. double-glazing: insulating glass unit consist-

ing of a combination of two glass panes in a
factory-sealed unit; and

3. low-Emissivity double glazing (low-E dou-
ble-glazing): insulating glass units with one
pane having a special coating (low-E glass).
They are characterized by the U and balance
U values given in Table 1.

SAVINGS OBTAINED BY UPGRADING
SINGLE GLAZING AND BASIC DOUBLE-
GLAZING 

Today in the EU15, about 478 million tonnes
of CO2 are lost annually by residential build-
ings. If all existing glazing in residential build-
ings in the EU15 were to be replaced by low-E
double-glazing, we would be saving 87 million
tonnes CO2 per year, which represents 18 per
cent of the total residential sector emissions.

CO2 emissions due to all buildings (residen-
tial and non residential) at the level of EU25
may be estimated as follows:
- non-residential energy consumption is com-

monly admitted as representing 25 per cent
of all buildings’ consumption; and

- new EU members’ figures may be estimated
in a first approach to follow the population
ratio: 75 M inhabitants who joined an exist-
ing community of 375 M.
It thus appears that today, in the EU25, 765

million tonnes of CO2 are lost annually by build-
ings. The replacement of all existing glazing in
buildings in the EU25 by low-E double-glazing
will reduce these losses by 140 million tonnes.

CO2 EMISSIONS FROM GLASS
MANUFACTURING COMPARED TO ENERGY
SAVINGS

Figure 3 summarizes float glass production
in the EU15 from 1970 to 2001 and shows how

U value Balance U value
W/(m2.K) W/(m2.K)*

Single glazing Glazing 5.7 3.4
Window 4.7 3.1

Double glazing Glazing 2.9 0.8
(air filled) Window 2.7 1.3

Low-Emissivity Glazing 1.2 -0.5
double glazing Window 1.4 0.3
(argon filled)

Note: Glazing is just the glass, the window includes glass, a frame, and accessories
*Based on EN ISO 14438 applied to moderate climatic zone

THERMAL BEHAVIOUR OF DIFFERENT 
TYPES OF GLAZING

TABLE 1

Total Savings 
Country residential CO2  Savings (Mt)2) compared to

emissions (Mt)1) emissions (%)

Austria 15.720 0.81 5.2

Belgium 21.793 3.15 14.5

Denmark 5.672 0.82 14.5

Finland 6.784 0.39 5.8

France 86.493 15.35 17.7

Germany 116.725 22.72 19.5

Greece 11.310 1.75 15.5

Ireland 6.530 1.14 17.5

Italy 59.299 12.35 20.8

Luxembourg 0.984 0.16 16.3

Netherlands 20.567 3.28 15.9

Portugal 7.634 2.22 29.1

Spain 24.174 7.76 32.1

Sweden 8.146 1.98 24.3

UK 85.880 13.27 15.5

EU15 477.712 87.15 18.2

Sources:
1) CO2 inventory EC 2000 - direct CO2 emissions
2) Low-E glass in buildings - impact on the environment and on energy savings –
GEPVP publication 2001

TOTAL RESIDENTIAL CO2 EMISSIONS IN THE EU15 
COMPARED TO SAVINGS FROM LOW-E OPTION (IN %)

TABLE 2

> heat leaves through all parts of a building
(foundation, walls, windows and roof)

> two of the main sources of heat in a building
are: central heating and sunlight entering
through glazing

> even during winter, with advanced insulating
glazing, heat coming in with sunlight is
greater than the heat leaving the building
through the glazing

> therefore, there is less need for central
heating when the building has advanced
insulating glazing.

HEATING AND SOLAR GAINS: 
KEYPOINTS
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COMPARISON OF CO2 EMISSIONS

FIG. 4

CO2 emissions have decreased over that same
period thus resulting in a reduction of the spe-
cific CO2 emissions.

This reduction is due to two factors:
1) in the 70s, heavy fuel oil was the main

source of energy whilst natural gas is more
widely used nowadays; and

2) in parallel, the glass industry dramatically
reduced its energy consumption, which
decreased by more than 55 per cent since the 70s.

These two factors result in a decrease of the
specific CO2 emission by more than 60 per cent.

The manufacturing of one square metre of
low-E double-glazing leads to the emission of
25 kilos of CO2. However, the CO2 gain by
replacing one square metre of single glazing by
low-E double-glazing represents 91 kilos of
CO2 per year. Thus the CO2 emitted during pro-
duction is offset after 3.5 months use. In the
case of basic double glazing being replaced by
low-E double glazing, the offset time is about
10.5 months.

Figure 4 illustrates that the CO2 emissions of
the European flat glass industry are almost neg-
ligible compared with the potential savings that
can be achieved and the total CO2 emitted by the
building sector.

At the level of the European Union (EU25),
the total CO2 emitted by buildings amounts to
765 million tonnes CO2 per year whereas the
architectural glass industry only releases 4.6
million tonnes CO2 per year, with a potential
gain of 140 million tonnes CO2 per year.

We may thus conclude that the CO2 emitted
by the flat glass industry is greatly outweighed

by the potential gains obtained by using high
performance insulating glass units. We therefore
urge national authorities to change their build-
ing performance regulations so that high per-
formance low-E glazing is required in new and
refurbished buildings.

“We therefore urge national authorities to
change their building performance regulations
so that high performance low-E glazing is
required in new and refurbished buildings, and
to accelerate the change from existing single or
double glazing in buildings to low-E glazing.

Note: Acceleration could be obtained by
extending the scope of other European
Directives, e.g. the Energy Performance of
Buildings' Directive (2002/91/EC), to build-
ings of all sizes”.  ■

FLAT GLASS PRODUCTION AND CO2 EMISSIONS

FIG. 3
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