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Technical note

Multiglazed windows: potential for savings in
energy, emissions and cost

GF Menzies BEng PhD CEng MEI and JR Wherrett MA MSc PhD
School of the Built Environment, Heriot-Watt University, Edinburgh, UK

This paper details case studies undertaken in four office buildings in Edinburgh,
Scotland. Analyses were undertaken of the energy requirements to maintain
room temperature in each building. Alternative high performance window
specifications were analysed and compared to results for existing specifications.
Comparisons were made between the additional embodied energy and asso-
ciated emissions, and financial cost required to install higher performance
windows at the initial build stage, and the potential savings in life-cycle energy
and running costs. Results showed substantial savings can be made over the
lifespan of windows by optimizing specification. Payback periods for energy and
financial cost for some window systems were within acceptable limits, when
specified in the initial build. The financial payback periods for replacement
windows were higher, emphasizing the need for sustainable and energy efficient
choices at the initial design stage.

Practical application: This paper contains recent case study findings and practical
issues relating to the embodied energy of materials and components used in
multiglazed windows; and life cycle costing issues which prevail in all current
building sectors. Many construction professionals are calling for more detailed
and widely available information relating to the sustainability of building
components. Pressure is rising for manufacturers and suppliers to meet this
demand effectively.

1 Introduction many factors to consider in the selection of

multiglazed (double- and triple-glazed) win-

Worldwide, windows are responsible for a
disproportionate amount of unwanted heat
gain and heat loss between buildings and the
environment.! In the USA, over 3% of total
energy consumption is lost through windows,
in Sweden this figure is 7% and in Britain 6%
for residential buildings alone.®> There are
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dows. These include thermal, aural and visual
performance, choice of materials, design, dur-
ability and cost; inevitably trade-offs have to
be made.

Previous studies have questioned profes-
sionals within the building industry to
examine issues of design and selection of
multiglazed windows.* The selection of win-
dows is dominated by technical, visual and
financial considerations, with capital cost
being an overriding issue. Sustainable
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development is frequently overlooked—few
specifiers consider long-term costs, embodied
energy or the policies of manufacturers. While
there is a willingness in the architectural
community to take on board environmental
and sustainability issues, little is actually being
seen in on-the-ground changes. Lack of in-
formation is cited as an impediment to
architects who wish to use more sustainable
components, while suppliers appear reluctant
to deliver information without believing a
demand exists.

This study investigates energy, emissions
and cost savings achievable through improved
window performance as part of a wider study
into professional preferences for the design
and selection of sustainable multiglazed win-
dows. By producing easily understandable
figures of potential savings, it is hoped that
this research will help to address the problem
of lack of information evident in the multi-
glazed window industry and therefore assist
specifiers in making selections based on sus-
tainability measures as well as financial and
technical considerations.

2 Multiglazed window alternatives

Building life-cycle energy studies imply that
energy efficiency may_ be more effective than
increased insulation.” Well oriented, high
performance windows can be a major part of
this energy efficiency. Windows can provide
architects with a significant opportunity to
conserve energy, as well as belng a major part
of the character of a building.® The design

components that can strongly influence energy
conservation and window sustainability are
numerous.

Low-emissivity coatings allow a high pro-
portion of the visible light in the solar
spectrum to be transmitted, but block much
of the other wavelengths respons1ble for solar
heat gains.”® Optimization of the glazing gap
thickness can significantly improve energy
efficiency,” while larger widths Prowde extra
resistance up to a certain limit. Suppres—
sion of convection in the window cavity using
argon, krypton and sulphur hexafluoride
is beneficial,'”> whilst in certain latitudes
triple-glazed, argon filled, low-e coated units
are considered to be one of the most cost-
effective solutions."*'* Choice of frame mate-
rials can have a profound effect on the overall
window U-value,'®!'® and the life-cycle assess-
ment.'®

In terms of window lifespan, researchers
believe insulating glass units should last in situ
for between 20 and 60 years. Asif'” undertook
a survey of companies and developers to look
at the estimated lifespan of various window
frame materials. Table 1 compares the average
results from the survey to Varlous estimates
found in the literature.”® ** Recent research
indicates that although uPVC windows may
last between 25 and 40 years, the current trend
is to replace windows after approximately 10
years of use, leading to a scenario where
wmdows become a ‘disposable’ building com-
ponent

Single-glazed timber framed windows have
the lowest embodied energy of any window
unit. The payback period for more thermally

Table 1 Lifespan and embodied energy of window units, various frame types

Frame material Embodied energy (MJ)?

Survey results (years)?

Literature review range (years)

Aluminium 5978 43.6 35 to 60
uPVC 2657 24.1 25 to 30
Timber 738 39.6 35 to over 60
Aluminium-clad timber 899 46.7 45

2Embodied energy and survey results from Asif."”
Embodied energy figures are for window units measuring 1.2 m by 1.2 m, with argon gas infill.



efficient windows, such as double-glazed units,
may be as short as one year; however, high-
tech glazing systems, such as triple-glazing
with inert gas in the cavities, may not recover
their embodied energy even after 100
years.”** The embodied energy of different
frame types varies considerably (Table 1), with
timber the lowest, followed by aluminium-clad
timber, uPVC, steel and aluminium.'”-?°

Plastic materials used in window frames
have several important life-cycle issues.
Although they have good thermal efficiency,
production of plastics has significant environ-
mental impacts. Plastics are not easily recycl-
able, with both incineration and landfill
options leading to further environmental
impacts.”* While aluminium has a high embo-
died energy, it should be remembered that
unlike uPVC it is easily recyclable and
up to 95% of the embodied energy can be
recouped.?’

3 Building case studies: methods

In order to examine the influence of window
design and selection on energy use within
buildings, the performance of in situ windows
was compared to a number of alternatives,
each of which had a higher performance
specification than the existing windows.
Embodied energy levels for all types of
glazing units were calculated using data
from Weir.”> Embodied energy calculations
include the energy required to obtain raw
materials, energy used in manufacturing and
packaging processes, and transportation en-
ergy consumption incurred to get the window
units to site. U-values were calculated using
data from Muneer et al.*®

The energy required in each room to main-
tain a temperature of 19°C during working
hours, for one year was calculated, using
research techniques developed by Weir.?* Car-
bon dioxide emission levels and the financial
cost of the energy were also calculated. Similar
calculations were completed for alternative
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window specifications to enable comparison
of the embodied energy and capital cost of
higher specification windows with the energy
and running cost savings over the lifespan of
the window units. Xenon filled windows were
not considered in the analysis due to the
prohibitively high embodied energy of
collecting xenon gas.

Four office buildings were chosen, specifi-
cally in the south-west Edinburgh area, due to
availability of detailed weather data. All four
buildings offered a mix of open plan and
single or double occupancy offices, and were
mainly occupied by workers who spent the
majority of their time working at their desks.
Communal rooms, such as cafeterias and
meeting rooms were not included in the
analysis, and rooms with either no windows
or internal windows were also discounted. All
the buildings had double-glazed window units
installed, with a variety of different specifica-
tions; in some cases a building had more than
one window specification, due to window
replacement schemes or extensions to the
building. In addition, the buildings were
chosen to represent four different window
frame materials. Each building was surveyed,
with measurements taken of room width,
depth and height and window width and
height. The specification of the windows was
also ascertained.

Table 2 details the alternative higher per-
formance specifications studied and the addi-
tional embodied energy each contains,
compared to a standard specification window
(double-glazed, air-filled, no low-e coating).

4 Building case studies: results and
discussion

Table 3 details the window specification, total
window area and room volumes for each
building.

Of the four case study buildings, the
windows in Buildings A and C were the
most energy efficient, incorporating a low-
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Table 2 Alternative window specifications

Window type (glazing, infill Specification®

Additional embodied
energy per window unit (MJ)

Glazing unit?
U-value (W/m?K)

gas, coating)

Double, air, no coating 4 — 20Air — 4

Double, air, low-e 4e — 20Air — 4

Double, argon, low-e 4e — 16Ar — 4

Double, krypton, low-e 4e — 12Kr — e4

Triple, argon, low-e 4e — 16Ar — 4 — 16Ar — e4d
Triple, krypton, low-e 4e — 12Kr — 4 — 12Kr — e4

2.76 standard specification
1.58 8.42
1.31 8.43
0.94 525.04
0.65 161.56
0.52 1167.14

2Glass specification details the width of glass pane (in mm), width of gap (mm) and infill gas, and width of second
glass pane (mm). 4e represents a 4 mm glass pane with one low-emissivity coating.
bU-value is for complete glazing unit, including glass panes, inert gas and low-e coating.

emissivity coating to improve thermal effi-
ciency. Both also used 6 mm glass, again
improving the U-value compared to 4 mm
glass used in Buildings B and D. In Building
B, the newer extension to the building did have
an improved specification compared to the
older part of the building; in Building D,
windows were being replaced on a rolling
scheme and an improved specification was
being used. Although the window U-values
were improved for both buildings, the original
specification frame material was used. Steel
and uPVC window frames both incur a higher
embodied energy than timber or aluminium-
clad timber (Table 1).

Tables 4 to 7 detail energy, emissions and
cost savings for alternative building design and
glazing specifications. The savings and pay-
backs are compared to the glazing specifica-
tion currently in the building, and relate to
potential savings if an alternate specification
had been installed during the initial build; the

Table 3 Window specifications in case study buildings

figures assume the frame material does not
change.

Table 4 examines the effect on energy
consumption of varying the percentage of a
window fagade used for glazing. Despite
having higher specification windows than
Building B, Building C uses more energy per
cubic metre to maintain the working tempera-
ture (58.9 MJ/m> compared to 57.2 MJ/m?).
This is explained by the high percentage of
glazing in Building C, 57% compared to 27%
in Building B.

Comparison of the four buildings for var-
ious glazing proportions demonstrates the
efficiency of each building; the effect of
building envelope design on thermal efficiency
can be clearly seen, with efficiency decreasing
as window area increases. These figures also
show the effect of building internal design on
thermal efficiency; the windows in Building C
are less insulating than in Building A, yet at
20%, 40% and 60% of the facade used for

Building Glazing Glazing unit Frame Type Total window Total room  Average room
Specification(s) U-value (W/m?K) area (m?) volume (m® volume (m3)
Building A 6e — 16Air — 6 1.54 Aluminium-clad 37 798 99.7
timber

Building B 4 — 16Air — 4 2.76 Steel 108 2922 97.4

4 — 10Air — 4 2.94
Building C 6e — 12Air - 6 1.77 Aluminium 178 2224 76.7
Building D 4 — 16Air — 4 2.78 uPVC 227 3804 152.2

4 — 12Air - 4 2.85
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Table 4 Influence on energy use of varying the area of glass as a percentage of the area of the window fagades.

Building Existing glazed area as  Annual energy use Annual energy use alternative glazed areas
percentage of window (MJ/m?3) as a percentage of window facade (MJ/m?3)
facade

20% 40% 60% 80%

Building A 26 55 54.2 57.6 61.0 63.2

Building B 27 57.2 55.2 61.4 67.6 73.8

Building C 57 58.9 53.0 56.4 59.9 63.3

Building D 37 62.7 56.9 63.9 70.9 77.9

All energy use calculations based on existing glazing specifications for each building.

glazing, it is more efficient. Buildings B and D
are very similar in terms of window U-value,
yet have quite different energy use figures over
the four percentages. This result may be
explained by examining the layout and ther-
mal mass of rooms within the buildings: larger
rooms require more energy to maintain their
temperature than smaller rooms.

Potential energy savings from the use of
alternate glazing specifications are detailed in
Table 5. Higher specification glazing could
have saved between 1.7% and 20.3% of the
energy used to heat the buildings. By offsetting
the potential energy saved through improved
glazing in the buildings, against the additional
embodied energy required to manufacture and
supply the units, allowed for an energy pay-
back period to be evaluated. Krypton filled
windows all had a considerably longer
payback period than air or argon-filled
windows, with payback periods of up to
nine years. Payback periods for argon-filled
windows ranged from 15 days (double-glazed,
Building B) to 1.5 years (triple-glazed, Build-
ing A). Low-emissivity coatings would have
repaid themselves in embodied energy terms in
around 20 days in Buildings B and D.

Examination of the reduction in carbon
dioxide emissions (Table 6) clearly shows the
importance of high thermal efficiency in
multiglazed windows. The use of low-emissiv-
ity coatings would have reduced CO, emis-
sions from electricity production by around
10% in Buildings B and D; the financial cost
of this coating would have been paid back in

under five years, and in terms of energy in
only one month.

The financial cost of improved window
specification at the initial build stage are
significant in some cases (Table 7). However,
the payback periods for low-emissivity coating
and argon gas in either double- or triple-
glazing are not high compared to the life-span
of the windows and of the buildings. The cost
of double-glazed krypton filled windows is
probably beyond an acceptable level, particu-
larly as triple-glazed argon filled units are
both lower in cost and higher in thermal
efficiency. Triple-glazed krypton filled win-
dows were not considered in this part of the
analysis due to a lack of cost information.
The ‘adjusted for interest’ figure represents the
financial payback period if the additional
initial cost had been invested rather than
spent, assuming an interest rate of 3% per
annum.

The previous results have compared in situ
windows with alternatives of the same frame
material. Table 8 details energy and emissions
savings resulting from the use of aluminium-
clad timber as an alternative frame material in
Buildings C and D. Building A is not included
in the analysis as it already has low embodied
energy aluminium-clad timber windows;
Building B is discounted due to a lack of
information regarding steel-framed windows.
Triple-glazed krypton filled windows have not
been included in this study due to the rela-
tively high payback periods found in the
previous results.
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Table 7 Financial costs of alternate window specifications compared to existing windows

Building Financial costs including Alternate glazing specification
adjustments for interest
(£ sterling)?®

Double-glazed, air, Double-glazed, Double-glazed, Triple-glazed,
low-e argon, low-e krypton, low-e argon, low-e

Building A Annual cost savings - £16 £32 £61
Additional initial cost - £157 £1140 £505
Payback period (adj. for - 9.8 (16) years  35.6 (never) years 8.3 (12) years
interest)

Building B Annual cost savings £278 £332 £408 £469
Additional initial cost £1184 £1647 £4345 £2671
Payback period (adj. for 4.3 (5) years 5.0 (6) years 10.6 (19) years 5.7 (8) years
interest)

Building C Annual cost savings - £170 £300 £382
Additional initial cost - £764 £5213 £2454
Payback period (adj. for - 4.5 (6) years 17.4 (never) years 6.4 (9) years
interest)

Building D Annual cost savings £467 £599 £766 £950
Additional initial cost £2497 £3475 £9155 £5634
Payback period (adj. for 5.3 (7) years 5.8 (8) years 12.0 (26) years 5.9 (8) years

interest)

aBased on approximate cost of electricity of 7.5p/kWh. Cost of low-e coating assumed to be £11/m? glass.”’

There were no plans for a large-scale
replacement of windows with higher specifica-
tion units for any of the buildings in the study.
However, if this had been considered, Table 9
demonstrates the energy and financial impli-
cations of replacement with aluminium-clad
timber windows of double glazed construction
with either air or argon gas. Upgrading the
windows in Buildings A and C is clearly not
financially viable, with payback periods far
longer than any likely building lifespan. While
the energy payback period for Buildings B and
D is well within acceptable limits, the financial
cost payback period is still too long; the
lifespan of the window units is estimated to
be around 45 years. It would not be possible to
regain all costs before the end of the window
usable life. This demonstrates the value of

selecting the right frame and glazing options
at the building design stage. Rectification of
errors at a later stage may be environmentally
beneficial, but could be financially costly.

5 Conclusions

Qualitative studies by Menzies and Wherrett*
discovered that while many architects and
surveyors do consider sustainability and en-
vironmental issues when selecting windows,
the overriding factor is certainly cost. Perfor-
mance and reliability issues come to the fore,
although consideration of maintenance and
materials does bring some level of sustainable
development into the arena. The analysis of
energy use in the case study buildings provides

Table 8 Energy and emissions savings for use of aluminium-clad timber frames with current glazing specification

Building Current frame Glazing specification Total reduction in Total reduction in CO,
type embodied energy (GJ) emissions (kg)
Building C Aluminium Double-glazed, air filled, 628 80223
low-e coating
Building D uPVC Double-glazed, air filled 277 35351
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Table 9 Energy and financial implications of replacing existing windows

Building Savings and payback period Glazing specification (aluminium-clad timber frames)
Double, Air, low-e Double, Ar, low-e
Energy Financial® Energy Financial®
Building A Savings (pa) - - 0.8 GJ £16
Initial cost - - 23 GJ £5.6 K
Payback period - - 30.3 years 356 years
Building B Savings (pa) 13 GJ £278 16 GJ £332
Initial cost 67 GJ £16.2 K 67 GJ £16.6 K
Payback period 5.1 years 58.2 years 4.2 years 50 years
Building C Savings (pa) - - 8 GJ £170
Initial cost - - 111 GJ £27.4 K
Payback period - 13.6 years 160 years
Building D Savings (pa) 22 GJ £467 29 GJ £559
Initial cost 142 GJ £34 K 142 GJ £35 K
Payback period 6.3 years 72.8 years 4.9 years 58.4 years

®Not including labour costs.

vital missing information in the drive towards
more sustainable development.

The results displayed give an indication of
the savings obtainable, with the energy, and
financial cost payback time scales. A similar
analysis could be run on any building, at the
drawing board stage, to optimize life-cycle
energy consumption. However, many archi-
tects do not have the time nor desire to
conduct these analyses, and therefore generic
recommendations must be drawn from which
they and their clients can take appropriate
information.

5.1 Design

The higher the proportion of glazing in an
external fagade, the higher the energy used to
maintain a suitable working temperature. If a
design requires a large glazed area (greater
than 40%), the specification of the windows
should be raised as far as practicable (mini-
mum: double-glazed with argon infill, and
low-e coating, U-value 1.31 W/m?K).

5.2 Materials
Timber and aluminium-clad timber frames

have significantly lower embodied energy than
uPVC or metal-based frames (738 MJ and 899

MJ compared to 2657 MJ or higher). The
savings in embodied energy and associated
emissions considerably outweigh potential
savings from the use of improved glazing
systems alone. In addition, timber based
frames offer higher 1nsu1at10n properties
than aluminium or uPVC.'°

5.3 Life-cycle energy costs

In order to reduce life-cycle energy costs as
far as possible, glazed units using argon gas
appear to be the optimal solution for the
Scottish climate (payback of less than six
months for double-glazed units, and less
than 18 months for triple-glazed units). ThlS
finding is reinforced by work by Clarke ez al.!
and Karlsson er al.'*. While krypton filled
units offer higher thermal efficiency, the
energy payback period could be significantly
longer (up to 8 years). The use of multi-
glazed, argon filled windows will also reduce
carbon dioxide emissions by up to 20%
compared to double-glazed air filled windows.

5.4 Capital costs

Capital cost payback periods are longer
than those for energy savings. However, within
the lifetime of a building, the use of a higher



specification window will normally be repaid
by the savings in heating/cooling costs. Again,
the optimum solution is double or triple-
glazed argon filled windows. By including
loss of interest earned on the additional
capital costs in the analysis, it can be seen
that in some cases krypton filled windows will
not recoup the additional cost spent. Replace-
ment costs are far higher, in terms of energy
and financial costs. This emphasizes the im-
portance of specification of appropriate high
performance windows in the initial build.

Acknowledgements

This research was funded by the Engineering
and Physical Sciences Research Council.
Thanks are extended to industrial collabora-
tors, Nordan UK Ltd., for their assistance and
advice.

References

1 Ballinger JA, Lyons PR. Advanced glazing
technology for Australia—research and appli-
cation. Renewable Energy 1996; 8: 61-65.

2 Collins RE, Turner GM, Fischer-Cripps AC,
Tang J-Z, Simko TM, Dey CJ, Clugston DA,
Zhang Q-C, Garrison JD. Vacuum glazing—a
new component for insulating windows. Build-
ing and Environment 1995; 30: 459-92.

3 DTI. Energy consumption in the United King-
dom. London: Department of Trade and
Industry Energy Publications, 2002.

4 Menzies GF, Wherrett JR. Issues in the design
and selection of sustainable multi-glazed win-
dows: a study of qualitative issues in Scotland:
The Worldwide CIBSEIASHRAE Gathering of
the Building Services Industry, International
Conference. Edinburgh: CIBSE, 2003.

5 Fay R, Treloar G, Iyer-Raniga U. Life-cycle
energy analysis of buildings: a case study.
Building Research and Information 2000; 28:
31-41.

6 Sekhar SC, Toon KLC. On the study of energy
performance and life cycle cost of smart

10

11

12

13

14

15

16

17

18

19

20

21

GF Menzies and JR Wherrett 257
window. Energy and Buildings 1998; 28: 307—
16.

Robinson PD, Hutchins MG. Advanced glaz-
ing technology for low energy buildings in the
UK. Renewable Energy 1994; 5: 298—3009.
Weir G, Muneer T. Low-emissivity coatings

in high-performance double-glazed windows,
energy, monetary and environmental costs.
Building Serv. Eng. Res. Technol. 1997; 18:
125-27.

Aydin O. Determination of optimum air-layer
thickness in double-pane windows. Energy and
Buildings 2000; 32: 303—-308.

Button D, Pye B. Glass in building: Guide to
modern architectural glass performance. Oxford:
Butterworth-Heinemann Ltd, 1993.

Fang X. A study of the U-factor of a window
with a cloth curtain. Appl. Thermal Eng. 2001;
21: 549-58.

Hammond GP. Thermal performance of ad-
vanced glazing systems. J. Inst. Energy 2001;
74(498): 2—10.

Clarke JA, Janak M, Ruyssevelt P. Assessing
the overall performance of advanced glazing
systems. Solar Energy 1998; 63: 231-41.
Karlsson J, Karlsson B, Roos A. A simple
model for assessing the energy performance of
windows. Energy and Buildings 2001; 33: 641—
51.

Loffler M, Buck D. Glazing edge-seal using
foamglass as spacer and frameless window
design. Solar Energy 1997; 61: 303—-312.

Saito M, Shukuya M. Energy and materal use
in the production of insulating glass windows.
Solar Energy 1996; 58: 247-52.

Asif M. Life cycle assessment of aluminium-clad
timber windows. PhD thesis. Edinburgh: Napier
University, 2002.

Citherlet S, Di Guglielmo F, Gray J-B. Window
and advanced glazing systems life cycle assess-
ment. Energy and Buildings 2000; 32: 225-34.
Garvin SL, Wilson J. Environmental condi-
tions in window frames with double-glazing
units. Construction and Building Materials
1998; 12: 289-302.

HAPM. Housing Association Property Manual.
London, 1995.

Wolf AT. Studies into the life-expectancy of
insulating glass units. Building and Environment
1992; 27: 305-19.



258 Multiglazed windows: potential for savings

22

23

24

25

26

Worcester City Council. Comparative assess-
ment of window types. 1990.

Webber M. uPVC window change under
attack. BBC News UK Edition. http://news.
bbc.co.uk/, 12 January 2004.

Sustainable Homes. Embodied energy in resi-
dential property development: A guide for
registered social landlords. 1999.

Weir G. Life cycle assessment of multi-glazed
windows. PhD thesis. Edinburgh: Napier Uni-
versity, 1998.

Venkatarama Reddy BV, Jagadish KS. Embo-
died energy of common and alternative mate-

27

28

29

rials and technologies. Energy and Buildings
2003; 25: 129-37.

Mumma T. Reducing the embodied energy of
buildings. Home Energy Magazine Online
JanuarylFebruary 1995 . http://hem.dis.anl.
giv/eehem/95/950109.html 10 March

2004.

Muneer T, Abodahab N, Weir G, Kubie J.
Windows in Buildings. Oxford: Butterworth
Heinemann, 2000.

Energy Saving Trust. www.est.org.uk/housing/
begin_quest4.cfm 20 February 2004.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



