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1. Foreword: Potential,

process and objectives
________________________________________________|

This study of the German window market
is the latest in a series of surveys pub-
lished jointly by the VFF and BF at regu-
lar intervals over many years. It contains
the latest statistical information from the
associations, and the resulting calcula-
tions for potential energy savings from
replacing old windows in Germany's exist-
ing buildings.2 As in previous editions, this
study divides the existing window stock
into different types. This means we can
measure the true energy efficiency of the
country's current windows reliably. When
we calculate the energy-saving potential
of renovations, we also consider solar gain
from using transparent building materials.
The study continues to contain informa-
tion on measuring cost-effectiveness
based on the full cost of the windows, but
also considers the current 20 % subsidy
for new windows as ‘individual measures'’

under the Federal funding for efficient
buildings (BEG).3 We compare the cost-ef-
fectiveness of high-quality replacement
against replacement with the minimum
quality standard.

The cost-effectiveness calculation uses
the cost of saving 1 kWh by means of new
windows, which can then be compared to
the expected cost of purchasing energy if
the windows are not replaced. The energy
price used for comparison is 0.075 €/kWh.
This is slightly higher than the current en-
ergy price, and assumes the carbon price
has been introduced; this price is set to
rise inincrements until 2025, and will raise
the price of natural gas by 0.01 €/kWh.# If
the cost per kilowatt hour of energy saved
is lower than the energy price used for
comparison, then the replacement meas-
ure is said to be cost-effective.

Thus the present study intends to supply
all stakeholders with baseline data on the
renovation potential in existing German
windows. Given the increasing importance
of renovating Germany's building stock,
this will allow a serious look at the ques-
tion: 'When is it financially worthwhile to
replace my windows?

1 See VFF (2002), VFF-BF (2005), VFF-BF (2007),
VFF-BF (2008), VFF-BF (2010), VFF-BF (2011),
VFF-BF (2014) and VFF-BF (2017).

2 The study was compiled and revised by Univ.-Prof.
Dr-Ing. Gerd Hauser, Technical University of Mu-
nich and Dr. Rolf-Michael Liking in cooperation
with the Verband Fenster + Fassade (VFF) and the
Bundesverband Flachglas (BF).

3 For details, see RTG (2021)

4 First Act Amending the Law on Fuel Emissions

Trading of 3 November 2020, www.bgbl.de



Save more energy with new windows

2. Summary

Three outdated types of windows are
present in large numbers in current Ger-
man residential buildings: Single-glazed
windows (Type 1, 11 million window units),
double or coupled windows (Type 2, 39 mil-
lion window units), and windows with un-
coated insulating glass (Type 3, 185 million
window units). If all three categories, total-
ling 235 million window units, are replaced
with modern windows, some 53 billion
kilowatt hours of energy could be saved
and around 12.3 million tonnes less CO,
emitted each year.>

Replacing outdated windows not only
makes environmental sense, it is also very
cost-effective. The cost of saving energy
by replacing windows, when converted to
kWh of energy, already usually works out
lower than the cost of purchasing that
amount of energy at current prices.

If a window is going to be replaced an-
yway, for example because it no longer
meets functional requirements, then there
are two arguments for the planner and
client to consider which favour ‘doing the
job properly, if you are going to do it at all'
High-quality, energy-efficient windows
should be fitted, with a Uy-value of 0.95
W/(m2K) or above. Firstly, because the
environment will benefit as emissions are
reduced: this is climate protection in action.
Secondly, because their finances will bene-
fit, as energy costs are reduced; the Feder-
al funding for efficient buildings (BEG) and
the tax deductible nature of the renovation
are worth serious money.

Investing in new windows saves energy,
but it also improves comfort, convenience,
soundproofing and security. New windows
increase the value of the property too.

3. Existing windows:
The energy efficiency of
different types

The Federal Republic of Germany has
witnessed four phases of window con-
struction, closely linked to overall eco-
nomic developments and changes re-
lating to thermal insulation. From 1950
to 1978, the market was dominated by
single-glazed windows and double or
coupled windows.

The Insulation Act (WSchV0) was passed
in 1978, which brought more insulating
glass windows onto the market. From
1995 coated thermal-insulation glass
(low-E) gained in popularity. Windows
with triple thermal-insulation glass (2
low-E coatings) were introduced in 2005
and their market share has been growing
strongly since 2009.

5 Calculation includes solar gain.
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Totals for windows in Germany

Window stock in Germany

Double-glazed window with thermal-insulation glass (low-E)

Triple-glazed window with thermal-insulation glass (2 x low-E)

Type 1 Single-glazed window

Type 2 Double or coupled windows

Type 3 Window with uncoated insulating glass
Type 4

Type 5

Total

Window stock in units (1 WU = 1.3 x 1.3 m = 1.69 m2). Figures rounded. Source: VFF / BF, 2021

The energy properties of a window are de-
fined by its thermal transmittance® (U-value
or U-factor) which gives its transmission
heat loss, and by its overall heat gain (solar
factor or g-value) which gives its solar ener-

gy gain. Over the past 50 years, the U-value
of windows has improved by around 75 %
as the table below illustrates. The lower the
transmittance, the lower the heat loss.

2016 2020
million WU million WU
17 11

Ly 39

205 185

289 309

55 90

610 634

6The thermal transmittance is measured in W/
(m2K). Itis generally true that the lower the thermal

transmittance, the better the window is insulated.

Thermal transmittance Uy, and and solar factor in existing buildings, by window type

Window type

1 Single-glazed window
2 Double or coupled windows

3 Window with uncoated insulating glass

4 Double-glazed window with thermal-insulation glass (low-E)

5 Triple-glazed window with thermal-insulation glass (2 x low-E)

Mainly installed

Up to 1978
Up to 1978
1978-1995
From 1995
From 2005

Average
Uy-value in W/(m?’K)

4.7
2.4
2.7
1.5
1.1

Average
solar factor in %

87
76
76
60
50

The figures are averages for the windows installed in these years. The stock consists of windows with frames of different depths and with different insulating properties and of glazing
with different thermal transmittances and solar factors (see table in Appendix 1). Source: VFF / BF

Modern insulating windows are made
from three panes of thermal-insulation
glass, two of which are coated (low-E
glazing'). In conjunction with the advanced
insulating and sealing technology used for
the frames, they achieve four times the
thermal insulation of single-glazed win-
dows. The coatings reduce the solar factor

compared to old, poorly insulating glass;
this effect is advantageous in summer but
leads to reduced solar heat gain in the win-
ter when the heating is on. We have usual-
ly taken these solar energy gains — which
are free of charge — into account in the cal-
culations for the present study. The win-
dow stock comprises windows of various

sizes, with frames of different depths and
constructions. The insulating glass panes
have different thermal transmittances. The
calculation of average Uy,-values is there-
fore based on the thermal transmittances
of glass and frame, taking into account the
proportions of different glass and frame
types (see Appendix 1).
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4, Modernisation potential in
Germany

Considering Germany's current environ-
mental policy objectives, both new con-
struction and potential energy savings in
existing buildings — whether residential
or commercial — are more important than

ever.

The present study examines the effects of
replacing windows in residential buildings
from an economic point of view, as well as
in terms of energy savings and CO, reduc-
tion. The calculations are based on replac-
ing the window types described above
with modern, triple-glazed windows using
thermal-insulation glass, which have a Uy~
value of 0.95 W/(m2K) and a solar factor
of 62 %.7 The potential energy savings are
illustrated in detail in the following over-
view. It shows that replacing single-glazed
windows (Type 1) is particularly effective.
However, replacing the large number of

windows with outdated, uncoated insulat-
ing glass (Type 3) is also cost-effective. The
greatest savings can be achieved in these
two areas.

Type 1 single-glazed windows, of
which there are still around 11 mil-
lion window units according to VFF
and BF figures, are particularly worth-
while targets for rapid replacement.
Taken as an average across all ages of
window, these have a very high thermal
transmittance (U-value): 4.7 W/(m?2K) and
above. The comparisons are made with
modern, triple-glazed windows using
low-E glass (Type 5), which have a Uy-
value of 0.95 W/(m2K) and a solar factor
of 62 %. Replacing single-glazed windows
would save around 491 kWh of energy,
or 49 m3 of natural gas, per window unit
each year.

The total energy-saving potential through
replacing single-glazed windows is there-
fore around 5 billion kWh and 1.2 million
tonnes of CO, a year.

However, replacing outdated, uncoated
insulating glass windows (Type 3) is also
recommended. Replacing these would save
around 222 kWh of energy, or 22 m3 of
natural gas, per window unit each year. Pro-
jections for replacing the vast pool of these
window units — 185 million — give an ener-
gy-saving potential of around 41 billion kWh
and 9.5 million tonnes of CO, a year.

7 The Uy,-value was chosen based on the require-
ments in the Federal funding for efficient build-
ings (BEG) to support individual energy-saving
renovation measures. In some cases, glass doors
that allow disabled people access do not need to

meet the given Uy-value.
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Energy-saving potential of windows, Germany 2020
Window types in existing buildings
Energy-saving potential Type 5 Type &4 Type 3 Type 2 Type 1 Total worth  Units
of windows, Germany 2020 Triple-glazed Double-glazed Uncoated Double or Single- renovating
thermal- thermal- insulating coupled glazed Types 1to 3
insulation insulation glass windows window
glass glass
Stock in Window Units, or WU
' 90 309 185 39 11 235 illion WU
(1WU = 1.69 m2) mien
Mainly installed from...to...
Uy-value before 1978 4.7 W/(m2K)
solar factor 87 %
Uy-value before 1978 2.4 W/(m2K)
solar factor 76 %
Upy-value 1978-1995 2.7 W/(m2K)
solar factor 76 %
Up-value since 1995 18-13 W/(m2K)
(double-glazed) solar factor 58 -63 %
Uy-value since 2005 0.8-1.1 W/(m2K)
(triple-glazed) solar factor 45 - 60 %
Given a degree day factor of
75 kKh and an annual heating
f f85 %
system usage factor of 85 % 222.0 176.0 491.0 kWh (WU*a)
(eg = 1.2), and including solar
gains, the energy savings in kWh
per WU (1.69 m2) will be:
Converted into m3 of natural gas Replacement not effective in 22.2 17.6 491 m3 (WU*a)
terms of energy savings
Energy-saving potential in bn.
billion kWh 410 69 >4 533 kWh/a
billion cubic
. il .
Converted into billion cubic metres 41 0.7 05 53 metres of
of natural gas
natural gas/a
Converted into million tonnes CO, 9.48 1.59 1.25 12.32 million tonnes

Source: Univ.-Prof. Dr.-Ing. Gerd Hauser, Technical University of Munich / Dr. Rolf-Michael Liiking

0,/a
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5. The cost-effectiveness of

new windows
|

Cost-effectiveness is calculated using dy-
namic annuity calculations that establish
the cost of energy savings per kWh, which
can then be compared to the expected
cost of purchasing energy. This compari-
son determines the cost-effectiveness of
a measure: when the cost of the energy
saved is lower than that of the energy that
would otherwise have been purchased, the
measure is said to be cost-effective.

The calculations result in a price per kilo-
watt-hour of energy saved (in €/kWh).
Assumptions regarding the depreciation
period for the investment, the interest
rate and the rate of inflation are applied
when calculating this price (see Appendix
2 for the methodology).

The energy price used for comparison is
0.075 €/kWh. This is slightly higher than
the current energy price, and assumes
the carbon price has been introduced; this

10

increases in increments until 2025, and
will increase the price of natural gas by
0.01 €/kWh. If the cost per kilowatt hour
of energy saved is lower than the energy
price used for comparison, then the meas-
ure is cost-effective. The present study
leaves it to the reader to judge how energy
prices will change in future.

The calculations are based on modern win-
dows made of PVC, wood, wood-alumini-
um and aluminium, with average, standard
features and without extra options such as
locks, special safety features, mechatronic
controls, glazing bars. The average mar-
ket price for a new, modern triple-glazed
window measuring 1.3 x 1.3 m using
thermal-insulation glass was applied for
all materials (PVC, wood, wood-alumini-
um and aluminium). An average price for
2020 was derived, and weighted accord-
ing to the market shares for these types
of frame. Because aluminium is rarely

used for frames in residential buildings, a
weighted average price excluding alumin-
ium was also calculated. The price calcu-
lation included installation costs (without
removal and disposal) and VAT (currently
19 % in Germany).8

Given that the current Federal funding for
efficient buildings (BEG) subsidises the cost
of new windows as a standalone measure
at 20 %, the table below shows the prices
with this reduction and the resulting prices
for energy saved.

Shaded in green are all cases which meet
the cost-effectiveness criteria (i.e. where
the cost of energy saved is lower than the
cost of purchasing that energy at 0.075 €/
kWh).

8 Average prices rounded to whole euros.

As at May 2021.
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Cost of energy saved by window replacement (full cost calculation)
Replacement with a triple-glazed thermal-insulation glass window (U, = 0.95 W/(m2K) and g = 62 %)
Window types in existing buildings
Frame material Market Price per | Price per Type5 Type &4 Type 3 Type 2 Type 1
sharein% window | window  Triple- Double- Uncoated insula- Double or Single-glazed
in€ in€ glazed glazed ting glass coupled window

thermal-  thermal- windows

insulation  insulation

glass glass

without /. 20% Cost of energy saved in €/kWh without /./. 20 % subsidy

subsidy  subsidy
without  with  without = with  without  with

Wood 15.1 645 € 516 € 0.071 0.057 0.090 0.072 0.032 0.026
Wood-aluminium 9.1 750 € 600 € 0.083 0.066 0.104 0.084 0.037 0.030
PVC 58.5 490 € 392 € 0.054 0.043 0.068 0.055 0.024 0.020

Replacement not
effective in terms of

Aluminium 17.3 930 € TL4L € . 0.103 0.082 0.130 0.104 0.046 0.037
energy savings

Weighted average

residential window, 82.7 547 € 438 € 0.061 0.048 0.076 0.061 0.027 0.022

excluding aluminium

Weighted average for

) 100 613 € 490 € 0.068 0.054 0.085 0.068 0.031 0.025
all frame materials

Comparison cost for energy purchased: 0.075 €/kWh. Shaded in green: cost-effective
Source: VFF, average market prices for windows. As at May 2021. Univ.-Prof. Dr.-Ing. Gerd Hauser, Technical University of Munich/Dr. Rolf-Michael Liiking.

Replacing old, Type 1 windows (single- the 20 % subsidy, it also makes economic
glazed) clearly makes economic sense, sense to replace Type 2 windows (double
even without the 20 % subsidy, as for all or coupled windows) with frames made
common residential frame materials the from most materials, and for Type 3 win-

cost of energy purchased is higher than dows (uncoated insulating glass) with

the cost of the energy savings. Considering frames made from all materials.

11
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6. Investing in higher quality
vs the minimum standard

So far, we have presented the full cost of
replacing windows. Besides this, we are
also interested in the economic viability
of investing in the high-quality modern
windows described. These have a Uy-
value 0.95 W/(m2K) and a solar factor of
62 %. They are compared with a minimum
standard window — such as one being re-
placed for functional reasons other than
saving energy, e.g. breakage, malfunction,
wear and tear. For comparison, the min-
imum window standard required under
the 2020 Energy Act for Buildings (GEG)
is: Uy-value 1.3 W/(m2K), in practice this
means double-glazing with thermal-insu-
lation glass, with a solar factor of 60 %.

The market price for one such standard
window to meet the minimum require-
ments, measuring 1.3 x 1.3m and includ-
ing installation and VAT, was calculated as
described above. A weighted average price
was determined taking into account the
market shares for the various frame mate-
rials.9 Where windows need to be replaced
anyway for functional reasons, investing in
a high-quality modern window (Uy-value
0.95 (W/(m2K); solar factor 62 %) instead of
meeting only the minimum requirements
means an additional cost per .3 mx 1.3 m
window of between € 70 and € 76, includ-
ing installation and VAT, depending on the
frame material.

Cost of energy saved compared to a minimum-standard window

The cost per kilowatt hour of energy saved
will be between 0.029 and 0.031 €/kWh,
as shown in the table below. This is far
below the comparison price for purchas-
ing energy (0.075 €/kWh). In the case of
window replacement that is due to take
place anyway, deciding to invest in the
high-quality modern windows described
therefore makes economic sense in all
cases. Indeed, when the 20 % subsidy is
deducted from the price of the high-qual-
ity, modern window, the subsidised prices
are consistently lower than the prices for
windows meeting the minimum require-
ments, so higher-quality replacement ac-
tually saves money,.

9 Average prices rounded to whole euros.

As at May 2021.

Replacement with a triple-glazed thermal-insulation glass window (U, = 0.95 W/(m’K) und g = 62 %) instead of a window meeting the
minimum Building Energy Act (GEG) requirements (Uy, = 1.3 W/(m’K) and g = 60 %)

Frame material Market share
in %

Wood 15.1

Wood-aluminium 9.1

PVC 58.5

Aluminium 17.3

Weighted average
residential window, 82.7
excluding aluminium

Weighted average for all

) 100
frame materials

Comparison cost for energy purchased: 0.075 €/kWh. Shaded in green: cost-effective

12

Price per triple-glazed window Price per mini-
with thermal-insulation glass, in €  mum GEG-
d
without /209 ~ cwndad
. . window, in €
subsidy subsidy
645 € 516 € 569 €
750 € 600 € 678 €
490 € 392€ 420 €
930 € TLL € 856 €
547 € L3B € L76 €
613 € 490 € 541 €

Cost of additional energy saved,

in €/kWh
without 1.20%
subsidy subsidy
0.031 -0.022
0.030 -0.032
0.029 -0.012
0.030 -0.046
0.029 -0.016
0.030 -0.021
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7. Replacing windows makes
sense

It makes financial sense to replace win-
dows, due to the energy savings. These
in turn prevent CO, emissions and help
achieve climate policy objectives, which is
why the Federal funding for efficient build-
ings (BEG) subsidise replacements.

High-quality, modern windows also make
for more modern buildings than outdated,
existing windows. They improve:

B User comfort (because better-in-
sulated glass surfaces have higher
surface temperatures)

B Ease of operation

B Ease of care (e.g. surfaces)

B Security

B Noise protection

and, more broadly:

B Sustainability/environmental
properties

B The asset value of the property

B |ts attractiveness to tenants.

If these effects were quantified, they would
certainly improve the cost-effectiveness of
replacing windows even further. It would
be possible to quantify them, but this
would require making assumptions, some
of which may be debatable. In any case, it
is clear that investing in new windows will
bring the modern benefits described above.
From an environmental policy perspective,
it is necessary to replace all single-glazed
windows in any case; it also brings clear ad-
vantages to owners of both residential and
non-residential buildings.

For windows dating from before 1995
which have frames and seals that are still
in good condition, replacing the uncoat-
ed insulating glass with modern, low-E
thermal-insulation glass is a worthwhile
option. Generally the replacement will be
with double-glazing using thermal-insu-
lation glass, because the existing window
frames and rebates are not wide enough
for triple-glazing.

Since 1 January 2021, the Federal funding
for efficient buildings (BEG) has combined
many existing support programmes under
a single umbrella, and it is therefore now
easier to apply for support. The BEG has
also expanded the horizons for support:
new, attractive proposals have been add-
ed which better meet the needs of indi-
vidual property owners. In addition to the
BEG, tax incentives and the support for
energy consultants also remain in place.

13



Appendix 1

Windows sold in Germany10 U-values, as at 06-2021 1971 1972 1973 1974 1975 1976 1977 1978
Figures for the window market

Wood In millions of units* 5.6 6.8 7.0 7.6 7.0 6.7 6.4 6.3
PVC 1.0 13 1.7 2.0 25 3.0 3.6 4.2
Aluminium *1 Unit = 1.69 m* 5.7 63 6.1 6.0 5.5 4.9 5.1 4.8
Wood-aluminium 0 0 0 0 0 0 0 0
Total market 12.3 14.4 14.8 15.6 15.0 14.6 15.1 15.3

* Source: VFF
Market share of glass types

Single glazing Ug=58 W/(m2K)  30.0°% 30.0% 30.0% 30.0% 30.0% 30.0% 30.0% 20.0%
Double or coupled windows Ug: 2.8 W/(m2K) 70.0% 70.0 % 70.0 % 70.0% 70.0% 70.0% 70.0 % 70.0 %
Insulating glass 4/12/4 (uncoated) Ug=2.8 W/(m2K) 10.0 %
Double-glazed thermal-insulation glass 1st generation Ug= 1.4 W/(m2K)

Double-glazed thermal-insulation glass 2nd generation Ug=12 W/(m2K)

Double-glazed thermal-insulation glass 3rd generation Ug=1.1 W/(m2K)

Triple-glazed thermal-insulation glass Ug=0.7  W/(m2K)

Glass types in millions of m*

Single glazing Lt 5.1 5.3 5.5 53 52 5.4 3.6
Double or coupled windows 10.2 11.9 12.3 12.9 12.4 121 12.5 12.7
Insulating glass 4/12/4 (uncoated) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.8
Double-glazed thermal-insulation glass 1st generation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Double-glazed thermal-insulation glass 2nd generation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Double-glazed thermal-insulation glass 3rd generation
Triple-glazed thermal-insulation glass

Proportion of ‘warm-edge’ glazing (Psi value of 0.06)

Average Ug.value W/(m2K) 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.4
U-values for frame types
Wooden single window (hardwood) U=1.9 W/(m2K) 30.0% 30.0 % 30.0% 30.0% 30.0% 30.0% 30.0% 30.0%
Wooden single window (softwood) U=15 W/(m2K) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Wooden double window (hardwood) Us=1.4 W/(m2K) 70.0% 70.0 % 70.0 % 70.0 % 70.0 % 70.0 % 70.0 % 70.0 %
Wooden single window (Type 1) U= 1.1 W/(m2K)
Wooden single window (Type 2) U=09 W/(m2K)

Average Us-value W/(m2K) 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
PVC window (two-chamber) U=22 W/(m2K) 1000% 1000% 100.0% 100.0% 100.0% 100.0%  100.0%  100.0 %
PVC window (three-chamber) U=1.8  W/(m2K)
PVC window (multi-chamber, Type 1) U= 1.4 W/(m2K)
PVC window (multi-chamber, Type 2) U= 1.1 W/(m2K)
PVC window (multi-chamber, Type 3) U=09 W/(m2K)

Average Us-value W/(m2K) 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
Aluminium window, "Rahmenmaterialgruppe” 3 Us=7.0 W/(m2K) 1000% 1000%  100.0% 100.0% 100.0%  100.0% 100.0%  100.0%
Aluminium window, "Rahmenmaterialgruppe” 2.3 U=5.0 W/(m2K)
Aluminium window, "Rahmenmaterialgruppe” 2.2 Ug=38 W/(m2K)
Aluminium window, "Rahmenmaterialgruppe” 2.1 U=3.0 W/(m2K)
Aluminium window, "Rahmenmaterialgruppe" 1 U=2.2  W/(m2K)
Aluminium window, today (Type 1) U=19 W/(m2K)
Aluminium window, today (Type 2) U= 1.4 W/(m2K)
Aluminium window, today (Type 3) U= 1.1 W/(m2K)
Aluminium window, today (Type 4) U=0.9 W/(m2K)

Average Us-value W/(m2K) 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0

Wood-metal window (Type 1 U=17 W/m2K) 1000% 1000% 1000% 1000% 1000% 1000% 1000%  1000%
U=13  W/(m2K)
U= 1.1 W/(m2K)

U=0.9  W/(m2K)

Wood-metal window (Type 2

)
)
Wood-metal window (Type 3)
)

Wood-metal window (Type 4

Average Us-value W/(m2K) 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
All window frame materials Average Us-value W/(m2K) 4.1 4.0 3.9 3.7 3.7 3.5 3.5 3.4
Average Uy-value, all windows as per table W/(m2K) 3.8 38 38 3.7 3.7 3.6 3.7 3.4
Average Uy -value 1971 - 1978 3.7

Average Uy-value 1979 - 1994

14



1979

7.0
55
5.0

17.5

0.0%
50%
95.0 %

0.0
1.0
19.7
0.0
0.0

2.8

95.0%
0.0%
5.0%

1.9
100.0 %

2.2
90.0 %
10.0 %

6.8
100.0 %

1.7
3.4
3.0

1980

7.1

6.3

4.7

18.1

100.0 %

0.0
0.0
21.4
0.0
0.0

2.8

100.0 %
0.0%

19
100.0 %

2.2

100.0 %

5.0
100.0 %

1.7
2.8
3.0

1981

6.2

5.7

3.2

15.1

100.0 %

0.0
0.0
17.9
0.0
0.0

2.8

80.0 %
20.0%

1.8
100.0 %

2.2

100.0 %

5.0
100.0 %

1.7
2.6
3.0

1982

55
5.2
2.7

13.4

100.0 %

0.0
0.0
159
0.0
0.0

2.8

80.0 %
20.0%

1.8
100.0 %

2.2

90.0 %
10.0 %

4.9
100.0 %

1.7
2.6
29

1983

53
5.0
2.3

12.6

100.0 %

0.0
0.0
149
0.0
0.0

2.8

80.0 %
20.0 %

1.8
90.0 %
10.0 %

2.2

70.0 %
30.0%

4.6
100.0 %

1.7
25
28

1984

55
49
23

12.7

100.0 %

0.0
0.0
15.0
0.0
0.0

2.8

80.0 %
20.0%

1.8
80.0 %
20.0%

2.1

50.0 %
50.0 %

4.4
100.0 %

1.7
2.4
AC)

1985

52
5.1
2.1

12.4

100.0 %

0.0
0.0
14.7
0.0
0.0

2.8

80.0 %
20.0%

1.8
70.0 %
30.0%

2.1

30.0%
70.0 %

4.2
100.0 %

1.7
23
29

1986

5.1
5.4
2.7
0.1
13.3

100.0 %

0.0
0.0
15.7
0.0
0.0

2.8

80.0 %
20.0%

1.8
60.0 %
40.0 %

2.0

10.0%
90.0 %

3.9
100.0 %

1.7
2.3
2AC

1987

53
5.5
3.1
0.2
14.1

100.0 %

0.0
0.0
16.7
0.0
0.0

2.8

80.0 %
20.0%

1.8
50.0 %
50.0 %

2.0

100.0 %

3.0
100.0 %

1.7
2.1
2.8

2.8

1988

5.4
53
35
0.2
14.4

100.0 %

0.0
0.0
17.0
0.0
0.0

2.8

80.0 %
20.0%

1.8
40.0 %
60.0 %

2.0

100.0 %

3.0
100.0 %

1.7
2.2
2.8

1989

6.6
5.7
38
1.0
17.1

100.0 %

0.0
0.0
20.2
0.0
0.0

2.8

80.0 %
20.0 %

1.8
30.0 %
70.0 %

1.9

100.0 %

3.0
100.0 %

1.7
2.1
2.8

1990

7.3
6.6
4.2
0.4
18.5

90.0 %
10.0 %

0.0
0.0
19.7
22
0.0

2.7

80.0 %
20.0%

1.8
20.0 %
80.0 %

19

100.0 %

3.0
100.0 %

1.7
2.1
2.7

1991

7.3
85
4b
0.5
20.7

89.0 %
11.0%

0.0
0.0
21.8
2.7
0.0

2.6

80.0 %
20.0%

1.8
10.0 %
90.0 %

1.8

100.0 %

3.0
100.0 %

1.7
2.1
2.7

1992

7.6
9.3
4.7
0.7
22.3

88.0%
120%

0.0
0.0
23.2
3.2
0.0

2.6

60.0 %
40.0 %

1.7

95.0%
5.0%

1.8

100.0 %

3.0
100.0 %

1.7
2.0
2.6

1993

8.0
10.0
48
0.6
23.4

83.0%
17.0%

0.0
0.0
23.0
4.7
0.0

2.6

60.0 %
40.0 %

1.7

90.0 %
10.0 %

1.8

100.0 %

3.0
100.0 %

1.7
2.0
2.6

BFJ

Bundesverband
Flachglas

1994

7.6
11.7
52
0.7
25.2

66.0 %
34.0%

0.0
0.0
19.7
10.1
0.0

2.3

60.0 %
40.0 %

1.7

85.0 %
15.0 %

1.7

100.0 %

3.0
100.0 %

1.7
2.0
2.4

10 Figures up to 1990 for the Federal Republic of Germany (West Germany)
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Appendix 1

Windows sold in Germany, U-values, as at 06/2021 1995 1996 1997 1998 1999 2000 2001 2002 2003
Figures for the window market

Wood In millions of units* 7.4 6.8 6.5 5.9 5.4 46 35 35 2.8
PVC 12.3 121 12.6 121 12.1 10.7 8.6 8.1 7.2
Aluminium * 1 Unit = 1.69 m* 5.2 5.1 L4 39 35 35 3.1 26 2.6
Wood-aluminium 0.7 08 08 08 08 0.8 0.7 0.6 06
Total market 25.5 24.7 24.3 22,6 21.8 19.5 16.0 14.7 13.2

* Source: VFF
Market share of glass types

Single glazing Ug=58 W/(m2K)

Double or coupled windows Ug=28 W/(m2K)

Insulating glass 4/12/4 (uncoated) Ug=28 W/(m2K) 410% 200% 17.0% 150% 9.0% 50% 5.0% 4.0 %
Double-glazed thermal-insulation glass 1st generation Ug=14 W/(m?K) 590% 80.0% 830% 850% | 450% | 300% 200% 60%
Double-glazed thermal-insulation glass 2nd generation Ug=12 W/(m2K) 460% 650% 750% 90.0%  100.0%
Double-glazed thermal-insulation glass 3rd generation Ug=1.1 W/(m2K)

Triple-glazed thermal-insulation glass Ug=0.7  W/(m?K)

Glass types in millions of m*

Single glazing 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Double or coupled windows 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insulating glass 4/12/4 (uncoated) 12.4 58 4.9 4.0 23 1.2 0.9 0.7 0.0
Double-glazed thermal-insulation glass 1st generation 17.8 23.4 239 22.7 11.6 6.9 3.8 1.0 0.0
Double-glazed thermal-insulation glass 2nd generation 0.0 0.0 0.0 0.0 11.9 15.0 14.2 15.7 15.7

Double-glazed thermal-insulation glass 3rd generation
Triple-glazed thermal-insulation glass

Proportion of ‘warm-edge’ glazing (Psi value of 0.06)

Average Ug.value W/(m2K) 2.0 1.7 1.6 1.6 1.4 1.3 1.3 13 1.2
U-values for frame types
Wooden single window (hardwood) Us=19 W/(m2K) 600% 600% 600% 600% 600% 400% 400% 400% 4O.0%
Wooden single window (softwood) Us=15 W/(m2K) 400% 400% 400% 400% 400% 600% 600% 600% 60.0%
Wooden double window (hardwood) Up= 1.4 W/(m2K)
Wooden single window (Type 1) U= 1.1 W/(m2K)
Wooden single window (Type 2) U=0.9 W/(m2K)

Average Us-value W/(m2K) 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
PVC window (two-chamber) Up=2.2  W/(m2K)
PVC window (three-chamber) Us=1.8 W/(m2K) 80.0% 700%  60.0% 500% 40.0% 30.0% 20.0 % 10.0 % 5.0 %
PVC window (multi-chamber, Type 1) U= 1.4 W/(m2K) 20.0% 300% 40.0% 500%  60.0% 700% 80.0% 900% 95.0%
PVC window (multi-chamber, Type 2) U= 1.1 W/(m2K)
PVC window (multi-chamber, Type 3) U=0.9  W/(m2K)

Average Us-value W/(m2K) 1.7 1.7 1.6 1.6 1.6 1.5 1.5 1.4 1.4
Aluminium window, "Rahmenmaterialgruppe" 3 Ug=7.0 W/(m2K)
Aluminium window, "Rahmenmaterialgruppe” 2.3 U=5.0 W/(m2K)
Aluminium window, "Rahmenmaterialgruppe” 2.2 Ug=3.8 W/(m2K)
Aluminium window, "Rahmenmaterialgruppe” 2.1 U=3.0 W/(m2K) 1000% 950% 900% 850% 800% 700% 650% 450% 30.0%
Aluminium window, "Rahmenmaterialgruppe” 1 U=22 W/(m2K) 0.0% 50% 10.0 % 15.0 % 20.0% 30.0% 35.0% 50.0% 55.0%
Aluminium window, today (Type 1) U=19 W/(m2K) 5.0% 15.0 %
Aluminium window, today (Type 2) Up= 1.4 W/(m2K)
Aluminium window, today (Type 3) U= 1.1 W/(m2K)
Aluminium window, today (Type 4) U=0.9  W/(m2K)

Average Us-value W/(m2K) 3.0 3.0 2.9 2.9 2.8 2.8 2.7 2.5 2.4

Wood-metal window (Type 1 Us=1.7 W/(m2K) 1000% 1000% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0°
U= 13 W/(m2K)
U= 1.1 W/(m2K)

Us=0.9  W/(m2K)

Wood-metal window (Type 2

)
)
Wood-metal window (Type 3)
)

Wood-metal window (Type 4

Average U¢-value W/(m2K) 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
All window frame materials Average Us-value W/(m2K) 2.0 2.0 1.9 1.9 1.8 1.8 1.8 1.7 1.7
Average Uy-value, all windows as per table W/(m2K) 2.2 2.0 1.9 1.9 1.7 1.7 1.7 1.6 1.5
Average Uy-value 1995 - 2001 1.9

Average Uy-value 2001 - 2007
Average Uyy-value 2008 - 2016
Average Uy-value 2017 - 2020
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2004

28
7.2
2.4
0.6
13.1

90.0 %
10.0%

0.0
0.0
0.0
0.0
139
1.5

1.2

40.0 %
60.0 %

1.7

50%
95.0 %

1.4

15.0%
65.0 %
20.0%

2.3
100.0 %

1.7
1.6
1.5

2005

23
6.5
2.2
0.6
11.6

75.0%
20.0%
5.0%

0.0
0.0
0.0
0.0
10.3
2.7
0.7

1.2

40.0%
60.0 %

1.7

100.0 %

1.4

50.0 %
50.0 %

2.1
100.0 %

1.7
1.6
1.5

1.5

2006

25
7.2
2.3
0.6
12.6

26.0%
65.0 %
9.0%

0.0
0.0
0.0
0.0
3.9
9.7
1.3

1.1

40.0%
60.0 %

1.7

100.0 %

1.4

30.0%
70.0 %

2.0
100.0 %

1.7
1.6
1.4

2007

2.1
6.4
2.4
0.7
11.6

10.0 %
80.0 %
10.0 %

0.0
0.0
0.0
0.0
1.4
11.0
1.4
3%
1.1

40.0%
60.0 %

1.7

100.0 %

1.4

30.0%
70.0 %

2.0
100.0 %

1.7
1.6
1.4

2008

2.0
6.4
25
08
11.7

85.0 %
15.0 %

0.0
0.0
0.0
0.0
0.0
11.8
2.1
8%
1.0

30.0%
65.0 %

5.0%

1.6

95.0 %
5.0%

1.4

24.0%
70.0 %
5.0 %
1.0%

1.9

86.0 %
10.0%
4.0 %

1.6
1.6
1.4

2009

2.1
6.8
2.4
08
121

75.0 %
25.0%

0.0
0.0
0.0
0.0
0.0
10.7
3.6
16 %
1.0

25.0%
60.0 %

10.0 %
5.0%
15

88.0 %
8.0 %
4.0 %
1.4

14.0 %
70.0 %
10.0 %
50%
1.0%
1.8
69.0 %
20.0%
8.0 %
3.0%
1.5
1.5
1.3

2010

2.1
7.1
2.4
08
12.5

60.0 %
40.0 %

0.0
0.0
0.0
0.0
0.0
89
5.9
30%
0.9

10.0 %
74.0 %

10.0 %
6.0%
1.5

60.0 %
320%
80 %
1.3

70.0 %
22.0%
7.0%
1.0%
1.7
38.0%
44.0 %
12.0%
6.0%
1.4
1.4
1.3

2011

2.1
7.4
2.4
09
12.9

55.0 %
45.0%

0.0
0.0
0.0
0.0
0.0
8.4
6.9
40 %
0.9

84.0%

10.0 %
6.0%
1.4

55.0 %
350%
8.0%
1.2

50.0 %
39.0%
10.0 %
1.0%
1.6
25.0%
53.0 %
15.0 %
7.0%
1.3
1.3
1.2

13

2012

2.1
7.5
2.4
1.0
13.0

50.0 %
50.0 %

0.0
0.0
0.0
0.0
0.0
7.7
7.7
50 %
0.9

84.0%

10.0%
6.0%
1.4

51.0%
40.0 %
9.0%
1.2

40.0 %
46.0 %
13.0%
1.0%
1.6
15.0%
59.0 %
18.0%
9.0%
1.3
1.3
1.2

2013

2.1
7.6
2.4
1.1
13.1

45.0%
55.0 %

0.0
0.0
0.0
0.0
0.0
7.0
85
55 %
0.9

84.0%

10.0 %
6.0%
1.4

48.0%
41.0%
9.0%
1.2

10.0%
74.0 %
15.0 %
1.0%
1.4

70.0 %
20.0%
10.0 %
1.2
1.3
1.2

2014

20
7.7
2.4
1.2
13.4

44,0 %
56.0 %

0.0
0.0
0.0
0.0
0.0
7.0
89
58.0 %
0.9

80.0 %
4.0%
10.0%
6.0%
1.4

46.0 %
45.0%
9.0%
1.2

50%
82.0%
12.0%
1.0%
1.4

68.0 %
22.0%
10.0 %
1.2
13
1.2

2015

2.0
7.7
2.4
1.2
13.4

42.0%
58.0 %

0.0
0.0
0.0
0.0
0.0
6.7
9.2
62.0%
0.9

76.0%
8.0%
10.0%
6.0%
1.4

45.0%
46.0 %
9.0 %
1.2

84.0%
15.0%
1.0 %
1.4

67.0%
23.0%
10.0 %
1.2
13
1.2

1.2

2016

2.1
8.0
25
1.2
13.8

41.0%
59.0 %

0.0
0.0
0.0
0.0
0.0
6.7
9.6
62.7%
0.9

74.0%
10.0%
10.0%
6.0%
1.4

44.0 %
47.0%
9.0 %
1.2

84.0%
15.0%
1.0%
1.4

66.0 %
24.0%
10.0%
1.2
13
1.2

2017

2.1
8.2
2.6
13
14.2

40.4%
59.6 %

0.0
0.0
0.0
0.0
0.0
6.8
10.0
62.8%
0.9

72.0%
10.0%
120%
6.0%
1.4

43.0%
48.0%
9.0 %
1.2

82.0%
16.0%
20%
13

60.0 %
30.0%
10.0%
1.2
13
1.2

2018

2.2
8.3
2.7
13
14.4

40.1%
59.9 %

0.0
0.0
0.0
0.0
0.0
6.8
10.2
66.2%
0.9

70.0 %
10.0%
14.0 %
6.0%
1.4

42.0%
48.0%
10.0 %
1.2

80.0 %
17.0%
3.0%
13

54.0 %
36.0%
10.0%
1.2
13
1.1

2019

2.2
8.4
2.8
1.3
14.8

39.7 %
60.3 %

0.0
0.0
0.0
0.0
0.0
7.0
10.6
70.0 %
0.9

68.0 %
10.0%
16.0 %
6.0 %
1.4

41.0%
49.0 %
10.0 %
1.2

77.0%
19.0%
3.0%
13

48.0 %
42.0%
10.0%
1.2
1.2
1.1

1.1

BFJ

Bundesverband
Flachglas

2020
Preliminary
23

8.8

29

1.4

15.3

39.5%
60.5 %

0.0
0.0
0.0
0.0
0.0
6.9
10.6
74.0 %
0.9

66.0 %
10.0 %
18.0 %
6.0%
1.4

40.0 %
50.0 %
11.0%
1.2

75.0 %
20.0 %
4.0 %
1.3

42.0%
48.0 %
10.0 %
1.2
1.2
1.1

17



Appendix 2

Explanation of the

calculations
|

a) Assumptions for heating period and
total solar radiation

B Heating period according to DIN
4108-2; degree-day factor 75 kKh
(assumption for partially renovated
building stock: updated values for
specific CO, emissions from energy
sources observed, in accordance with
GEMIS 5.0)

B (alculation method: simplified (heat-
ing period balance method according
to EnEv).

Annual heating requirement:
Qn = For ™ (Hy + Hy) = MyplQs + Q)
[kwWh/a]

B The useful heat gains (Qg) from solar
radiation are dependent on window
orientation and are derived from the
total solar radiation (I yp) during the
heating period, taking into account
reduction factors such as the frame
(30 % of the window) and dirt and
shading per m2 of window surface:
Q. =0.567 * Is yp

B Degree of use of heat gain 1p =09

B Average value of total solar radia-
tion in the heating period per square
metre

B window surface facing north, south,
east and west:
ls Hpon average = 306 kWh/(m?a)

18

b) Assumptions about heating systems

B Equipped with low-temperature or
condensing boilers: ratio of primary
energy to domestic energy consump-
tion 1.20

B Thus the reduction in heating required
due to window replacement yields a
reduction in heating energy demand
as follows:

BQe = 1.2%AQ, = 1.2 * (Fgr * AUy, -
Ag* nupt Qo) [KWh/(m2FFa)]

B Energy source for heating: natural gas
with specific emissions of 0.231 kg/
(kwh) CO,-equivalent [GEMIS 5.0].
The Energy Act for Buildings (GEG)
makes slightly different calculations
for natural gas, with specific emis-
sions of 240 g/(kwh) CO,-equivalent.

c) Basis of the cost-effectiveness

calculation

The cost of energy saved

(Pgin in /kWh) is derived from the
energy saved (AQg) and the annuity
costs (K) of the investment:

Pein = K/DQg

The annuity costs of the measure are
the product of the annuity factor a
and the investment costs I: K=a * |
The annuity factor a depends on the
real interest rate p and the lifetime n
of the investment, according to this
formula:

a=p/(1-(1+p)-n)

The nominal interest rate py = 2,0 %
The rate of inflationi= 1,3 %

The lifetime n = 48 years

The resulting effective interest rate
p=0.69%
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