
=rom the cradle to the grave 

)y David Butler and Nigel Howard 

:using results 
presented from an 
embodied energy and 
C02 audit of the BRE 
Low Energy Office, 
David Butler and Nigel 
Howard review the 
life cycle C02 
emissions from office 
building services. 

he carbon dioxide (C02) 

emissions attributable to 
buildings result from both 

the embodied energy and 
the energy consumed in 

uscovenhebuilding' lifecycle. 
Embodied energy is that used to pro-
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uce building components from raw 
m:Herials. deUver them to construction 
->it s and build them into structures. Life 
cycle C02 emjssions are the total emissions 
arising from embodied energy in-use 
energy and the energy consumed in repair 
nod maintenance work. 

Figure 1: Embodied energy and associated co, emissions per square metre of treated floor area 

for services at the. BAE Low Energy Offico. 

A major problem in estimating the 
energy embodied in building componems 
is a lack of appropriate information. 
Embodied energy values quoted in techni
cal Literature are often expressed in terms 
of gigajoules per tonne of material rather 
than re lated to specific construction ele
ments. Conversion to CO~ emjssions re
quires knowledge of the fuel mix used for 
eachofthemanufacturingprocesses. 

Data relating to particular building ele
ment is available from the US, but these 
do not correspond well to the UK situation, 
where the energy consumed in manufac
ture issignificantly lower in most sectors. 

The data available for wood relates spe
cifically to use in its country of origin, and 
have to be adjusted to take account of 
transport in the UK. At present some 95% 
ofrhetimberusedinthe UKisimportcd. 

In addition, a continuing problem is the 
nge of the available data much of which 
dntes backtothemid-1970. 

On behalf of the BRE and as part of the 
DoE Construction Directorate's r&d 
tr:itegy, Davis Langdon and Everest Con

sultancy Group has investigated the life 
cycle C02 emissions from offices. 

The study took rhe formofan embodied 
energy and COi audit of rhe BRE Low 
Energy Office (LEO). This was an ideal 
candidate for study because the building 
had been fitted with a wide variety of serv-
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ices as part of the BRE's other project 
work and the changes were well 
documented. 

At the time of the audit bothelectricand 
gas-fired central heating systems were in 
place , allowingdirecrcomparison. 

Figure 1 shows the embodied energy 
and consequeniial C02 emis ·ions per 
square metre of treated floor aren for each 
ofrheservicesinvestigated . 

Heating system 
In terms of C02 emissions, gas-fired heat
ing systems are currently more en
vironmentally friendly than oil and oil· 
fired more environmentally friendly than 
electric. 

Fuels with higher carbon contents also 
tend to have a high sulphur content and 
may contain other impurities , leading to 
greater release of acid and other toxic 
gases. Hence gas-fired plant is likely 10 he 
more environmentally friendly on these 
groundsaswell. 
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Figure 2: Lile cycle energy consumn1ion o f 
heating systems. 

Figure 2 sho\ s the life cycle delivered 
energy consumption of the gas and electric 
heat ing systems in the LEO . The embo
died energy of each system is very small 
compared with iis in-use consumption , and 
produces mull discontinuities in the lines 
at points of major overhaul and replace
ment. 
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Figure 3: Life cycle C02 emissions of heating 
systems. 

The electric heating system consumes 
less delivered energy in-use because it is 
notionally 100% efficient. Another contri
butory factor is that it also has a lower 
embodied energy. 

The thermal efficiency of generating 
electricity from the pre ent mix of fa ' ii 
fuels and other sources, together with los
ses in distribution, results in a relatively 
high C02 emission overhead for delivered 
clccu:icity . At present , one unit of de
livered ele tricity results in about 3·6 
times the 0 1 emissions of an equivalent 
unit of delivered ga , before taking account 
orboilerefficiency. 
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Figure 4: Embodied energy and C02 

emissions for lighting components. 

Steel Polycarbonate Glass Aluminium Brass Figure 5: Embodied energy and C02 

emissions of insulation materials. 

Figure 3 shows the C02 emissions over 
the first ten years of use. After approximat
ely one year, the additional embodied 
C02 emission ofthe gas-fired installation is 
paid back from the reduced emissions in
use. 

For oil-fired central beating, the embo
died energy components would be simi
lar, but with a lower efficiency and more 
carbon rich fuel, the annual C02 emissions 
would be higher. As a result, this would 
give an intermediate performance be
tween the results for both gas and electric 
heating. 

Thjs result proved to be insensitive to 
changes in insulation and glazing stan
dards, with the gas system always giving 
lower net C02 emissions within the first 
year. In the study, the embodied C02 emis
sions for the boiler house itself were added 
to those for the gas system in order to give a 
fair comparison with the electric system, 
which in itseU has no requirement to house 

.central plant. · 
Sensitivity to alternative plan configur

ations and internal arrangements was also 
evaluated to test whether the result could 
be applied reliably to all office types. As it· 
transpired, the result proved insensitive to 
a wide range of floor-to-wall area ratios, 
plan forms , storey heights and internal 
arrangements. 

The planned introduction of combined 
cycle gas-fired power stations, and an in
crease in the proportion of electricity pro
duced from renewable sources, would 
reduce the future C02 emission of electric 
heatingoverhead. 

Lighting systems 
Overall, the embodied energy and C02 
emissions associated with the lighting sys
tem were small compared to the con ump
tion of the system in-use. Only 14 months 
of use equates to the embodied energy 
component. 

From the point of view of the building 
services designer or building manager/ 
operator installing high efficiency lighting 
gear 'and controls is thus well justified on 
environmental grounds. 
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There are also opportunities to reduce 
the embodied energy and C02 emissions of 
lighting installations by adopting alterna
tive diffusers that have a reduced plastics 
content. Abouc84% of the embodied ener
gy of the lighting system is accounted for 
bytheluminairesthemselves. 

Figure 4 shows a breakdown of the 
embodied energy and C02 emissions for 
these components. Over 60% is accounted 
for by the polycarbonate diffuser. In gene
ral, plastic components have high embo
died energies arising from their multi
stage, energy intensive processing, mainly 
from crude oil feedstocks. 

Mechanical ventilation 
The mechanical ventilation system in the 
LEO is comparilively simple, but rep
resents a substantial proportion of the 
total services embodjed energy and conse
quential C02 emissions. The steel duct
work contributes the largest part to the 
embodied energy, followed by the foamed 
plastic - extruded polystyrene - insula
tion. 

The mechanical ventilation system in 
the LEO is not particularly representative, 
however, and it is probable that further 

work will be needed to examine a wider 
range of mechanical ventilation and air 
conditioningsystems. 

Insulation 
The embodied C02 for insulation products 
is low compared to the reduction in C02 
emissions that result from their building 
use. Accordingly, substantial thicknesses 
of insulation might be justified to minimise 
C02c:missions. 

However, beyond approximately 100-
200 mm thickness, proportionally more 
heat would escape from buildings due to 
ventilation or tran mission through win
dows, and other measures may provide 
more cost effective approaches to reducing 
C02 emissfons. 

Figure 5 shows the embodied energy of 
the three types of insulant used in theB RE 
LEO. on-standard thicknesses have 
been used for the assessment in order to 
compare the materials on the basis of com
parable thermal conductivity. The rock
wool insulant embodies less energy than 
the foamed plastic(polymeric) insulants. 

There appear to be large discrepancies 
in the Ucerature between embodied energy 
factors for similar materials. These could 
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·gure 6: Embodied energy and C02 emissions of glazing systems. The aluminium frame 
icounts for a large proportion of the total. 

ri ·e from differences in methods and 
1 umptions among the sources of data, or 
•om the different manufacturing pro
' sses used to produce insulams of differ
. g Jcnsities. There is therefore a need for 
reful consideration of the source , valid

! andapplicationofpublisheddata. 
I In general, mineral fibre insulants em
pcly substantially less energy and C02 
[nissions than polymeric ones for an 

u iv a lent thermal performance. 
There may be occasions where resist

ce to water absorption is required, or 
1

her a dimensional constraint forces an 
sulant to be used in thin section, for 

)seance in the prevention of thermal brid
ng. In these circumstances, the en
nced properties of a high performance 

' lymericinsulantmaybejustified. 

lnzing system 

1
he rc appears to be significant potential 
?T new designs of window frame to reduce 
\!e energy and C02 emissions embodied in 
indows, and to improve the performance 
the thermal break. 
The BRE LEO owes part of its low 

1ergy performance to its high perform
ce glazing system, comprising argon 
led sealed double-glazed units with a 
w-emissivity coating on the external 
ne. These are mounted in aluminium 

ames with an unusually substantial ther
al break to prevent thermal bridging. 

Overall, the windows embody surpris
gly high energy and C02 emissions, ex
ed ing the embodied energy of the gas 
ntral hcatingsystem, for example. 
Figure 6 shows the embodied energy 

d co~ emissions attributable to the win-
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dow components. As expected, the alu
minium frame accounts for a large pro
portion of the total. What was not ex
pected was the high contribution of the 
thermal break. 

It is essential that the embodied compo
nents be compared with the in-use energy 
and C02 emissions associated with the fuel 
used to replace the heat lost through the 
windows. 

Figures 7 and 8 compare the net energy 
consumption and C02 emission respec
tively for three alternative glazing options 
in the BRE LEO. The comparison assumes 
2000 degree days of gas-fired heating re
quirementat80% efficiency. 

No account is taken of the energy impli
cations of changes in window design on 
natural lighting levels. The comparison is 
made over a life cycle replacement interval 
of30years. 

Reduced energy in use as a result of the 
high performance glazing system recovers 
the additional embodied energy of manu
facture, compared with more common 
glazing systems, typically within a period of 
5 to 18 years, this timescale depending on 
frame details . 
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Figura 7: Life cycle energy consumption of 
glazing systems. 

.......................... 
Environmental impact 

•life cycle C02 emissions 

However, it takes about 25 years for the 
reduced energy in-use to recover the addi
tional embodied C02 emissions of manu
facture compared to conventional double 
glazing, and even 12 years when compared 
with single glazing. 

Wooden frames appear to offer signi
ficant advantages for reducing embodied 
energy and C02 , but need additional main
tenance. Some further work is necessary 
to investigate the energy and C02 emis
sions embodied in paints and preserva
tives. 

Published embodied energy documents 
are in urgent need ofupdating, most having 
been compiled in the mid-1970s. Further 
appraisals are needed to examine the life
cycle performance of more typical mech
anical ventilation and air conditioning 
systems. 

Nevertheless, a number of broad con
clusionscan be drawn from the study: 
0 gas-fired heating plant currently results 
in substantially lower net C02 emissions 
than other heating systems for most con
figurations ofoffice; 
0 although priority should generally be 
given to reducing energy consumption, 
there are immediate environmental be
nefits to be realised by reducing the plas
tics content oflighting diffusers; 
0 in general, mineral fibre products em
body less energy and C02 emissions than 
polymericinsulants; 
0 aluminium-framed high performance 
glazing systems are probably not of net 
environmental benefit from the viewpoint 
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Figure 8: Life cycle C02 emissions of glazing 
systems. 

of reducing net C02 emissions; 
0 at present, conventional double glazing 
appears to give the best compromise be
tween embodied and in-use performance, 
especially if it is wooden framed. Further 
development could, however, significantly 
change this result. 
David Butleris with the Systems Performance Evaiuat1on 
Sectionatthe BAE Nigel Howard is with the Davis Langdon and 
Everest Consultancy Group. 
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