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Abstract: Life cycle Assessment (LCA) methods have been gaining interest within the construction
industry for assessing environmental sustainability, particularly carbon emissions. Understanding the
relative significance of different lifecycle phases is important when making design decisions to reduce
carbon emissions. For certain building types, such as offices, embodied carbon represents a
significant proportion of whole-life carbon emissions, with some studies suggesting estimates of 50%
or more of total emissions. This is not thought to be the case for Supermarkets where operational
emissions are claimed to be predominant due to high annual consumption of energy.

Crucial to the apparent significance of embodied carbon, relative to the whole lifecycle, are the
assumptions made about building serice life. Yet despite their importance to assessment outcomes, a
review of the literature shows that many studies provide little justification for these assumptions.
Assertions about the relative weighting of different lifecycle phases within the overall carbon footprint
are therefore questionable.

A new approach to the selection of service life is proposed that uses historic data on the service lives
of similar buildings. This helps to identify an appropriate range of service lives for a parametric
analysis of embodied carbon.

In a study of UK supermarkets, we find that service life can vary from 15 years to over 50 years.
Applying the new approach for this range of service lives we show that the proportion of lifecycle
carbon due to embodied emissions can more than double, compared to more conventional
approaches. For one of the case-study buildings the embodied carbon would be over 55% of the
lifecycle carbon emissions for the minimum service life case of 15 years.

We conclude that when estimating the whole-life carbon emissions of a building, assumptions about
service life are critical, requiring evidence-based justification. The approach presented offers a new
way to address this problem. This will lead to improved understanding of the importance of different
lifecycle stages and facilitate better informed design decisions in regard to carbon reduction
measures. Further work to understand the factors, such as obsolescence and competitor activity that
affect the service life of supermarkets in practice is recommended.
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Introduction

Reducing carbon emissions in the built environment has been identified as a key target in
climate change mitigation efforts at both UK [1] and EU level [2]. Historically, much
attention has been paid to energy and carbon emissions from the operation of buildings. More
recently there is increasing concern about embodied energy and carbon, which is that
‘associated with extraction, manufacturing, transporting, installing, maintaining and disposing
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of construction materials and products’ [3, p. 28]. Some UK studies suggest that embodied
carbon can represent more than 50% of the whole life carbon emissions of certain types of
buildings, such as offices or warehouses, whilst acknowledging that more energy-intensive
building types, such as supermarkets, will have a lower ratio of embodied carbon to
operational carbon (henceforth EC:0C) [4], [5].

Understanding the relative contribution of different lifecycle phases to total carbon emissions
is important when making carbon reduction design decisions. Life cycle assessment (LCA)
and related techniques such as life cycle energy assessments and carbon footprinting, present
‘a scientifically established method for generation of the necessary decision support’ [6, p.
920]. Such techniques have been applied to the study of buildings as far back as the 1970s [7],
[8]. However, assumptions made in the application of these methods can have a significant
impact on the results and should therefore be clearly stated [9] and ideally justified. Of
particular importance in determining EC:OC is the assumption made about service life length.
In general, the longer the assumed service life the more significant the operational phase will
appear. [10], [11]. This is clear from the formula for life cycle energy (LCE) given in
Equation 1 below, adapted from Ramesh et al [12].

LCE = (XmM,+ E_) +{EmM[(L,/L,;)— 1]} +{E, L,) +{E) (1)

The terms demarcated within chevrons (from left to right) represent embodied energy of initial construction,
embodied energy of subsequent refurbishment, operational energy and embodied energy of demolition respectively.
In these terms, m; is the quantity of material i, M, is the energy content of material i per unit; E. is the construction
energy requirement, L, is the assumed service life of the building in years; L, is the assumed service life of
components in years; Ey, is the annual operating energy demand; Ep, is the energy requirements for demolition.

Building service life L, (in years) is a multiplier in both the recurring embodied energy term
and the operational energy term, and will have a noticeable impact on the results. A similar
approach would apply to assessing lifecycle carbon emissions or indeed any other LCA
impact category. Moreover the greater the contribution of operational impacts to the whole
lifecycle, the greater will be the effect of varying the service life on the proportional
contribution of initial embodied impacts. This is particularly germane for supermarket
buildings where operational impacts are high relative to other building types [4], [5].

Terminology

In this paper the term service life is defined according to BS EN 15643 Sustainability of
construction works — Sustainability assessment of buildings as ‘the period of time after
installation during which a building meets or exceeds the technical requirements and
functional requirements [13]. It is assumed that the end of the period within which those
requirements are satisfied will be marked by demolition or significant change of use of the
building. The term estimated service life, according to BS EN 15643, involves consideration
of the performance of a building and its components in specified conditions as compared to its
durability under standard conditions [13]. In practice it was found that this approach is not
currently widely applied at a building level and so when referring to the anticipated length of
the building life applied to assess environmental impacts, the term assumed rather than
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estimated service life has been used. Finally, in all the literature reviewed, the reference study
period over which environmental impacts of the building were assessed was the same as the
building service life and so the same approach has been adopted in this research.

Methodology

Our review of the literature on LCA-based studies of buildings - including life cycle energy
assessments and carbon footprint studies - illustrates a general lack of justification for service
life assumptions, and suggests a need for a new approach. This review helps develop
proposals for a potentially more robust approach by combining two of the more common
methods found in practice. We then use this new approach on a case study of supermarket
builings in the UK. Data for this is taken from unpublished commercial carbon footprint
reports prepared for Sainsbury’s, a UK supermarket chain. This carbon footprint data is
reassessed using revised service life assumptions developed from the new approach.

Service life assumptions in LCA and related studies

Amongst the many LCA based studies of buildings published in the literature, which include
lifecycle energy assessments and lifecycle carbon footprints, there is significant variation in
the assumptions made about building service life. Reviews of such studies, have found
assumptions range from 30 to 100 years for whole buildings [12], [14] and 10 to 100 years for
buildings products [15]. Despite this wide variance, these reviews do not question or critique
the service life assumptions or indeed make any reference to their justification.

In a study of US residential buildings, Aktas and Bilec find that ‘many building LCA studies
do not adequately address the actual lifetime of residential buildings and building products,
but rather assume a typical value’[16, p. 338]. Among LCA-based studies of commercial
buildings, unjustified assumptions about service life have also been observed [17]-[20].

In the specific case of supermarket buildings, only one study was found that assessed the
whole lifecycle using an assumed service life of 20 years, stating that such buildings typically
have a short life expectancy [21]. Five unpublished commercial studies covering six
supermarket buildings undertaken privately for Sainsbury’s Supermarkets from 2008-2012
were made available to the authors for analysis. Of these, four assumed a service life of 30
years whilst one, which covered two different buildings, assumed a 60 year service life for
both. In all the studies, the assumed service life was stated without justification.

Options for defining service life assumptions

Approaches to defining service life for LCA studies found in the extant literature can be
divided into three categories. One approach is to use design life assumptions as a proxy for
service life. A second is to use data on the actual past service life of similar buildings. The
level of methodological complexity with which such data is used to develop trends varies
significantly from those which give no detail on how trends have been analysed to those
which apply probability distributions using monte-carlo analysis [16] or the life table method
[22]. And a third is to use a range of possible service lives [23], [24]. This final option can be
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considered a parametric approach because a range of results are generated for a range of input
parameters, in this case, building service life.

The parametric approach provides a way to address the inherent uncertainty of assessing
lifecycle impacts at design stage and is therefore preferred over the other two options.
However, the choice of parametric input range for the service life remains to be justified and
this could be done by applying one of the first two options.

In practice, claims about design life are often based on local structural building codes. For
example, the Eurocodes quote 50 years as the indicative design life of ‘building structures’
[25, p. 28]. In many cases, this nominal design life bears no real connection to the actual
durability of buildings [16], [26]. Furthermore, it takes no account of non-technical issues
such as changing land values and occupant needs which often have a greater influence on
actual service life than durability [26]. Design life is not, therefore a useful basis for
assumptions about service life. Hence, the second option, which relies on observations about
the actual service life of buildings similar to the one being assessed, may be preferable for
defining the service life range to be applied in a parametric analysis.

This combined approach has been tested for the specific case of assessing the ratio EC:OC of
UK supermarket buildings. The results of two studies undertaken for Sainsbury’s
Supermarkets, originally based on unjustified single service life lengths, have been reassessed
using a range of service life lengths determined from data on the service life of actual
supermarkets. The purpose being, on the one hand, to demonstrate that the use of such
historical trends to define a parametric service life range for the assessment may lead to
different conclusions than the original assumptions. On the other hand the challenges and
possible barriers to successfully applying this technique are also highlighted.

Historical trends in supermarket service life

Data on the ages of almost 600 existing (still trading) supermarkets was gathered as well as
additional data on supermarket closures. A range of sources was used including the
supermarkets themselves and local records such as newpaper reports. Fifteen closures were
identified, dating back to 2007. Of these, eight are known to have been demolished whilst the
remaining seven are excluded because their current status could not be verified. The ages of
the existing stores are presented in Table 1 and those of the 8 demolished stores are shown in
Table 2 below.

Table 1: Age distribution of a selection of existing (operational) UK Supermarkets

Age Range 0-15 Years 15-25 Years 25-35 Years 35-45 Years 45-55 Years
Percentage of existing stores 40% 32% 19% 7% 2%

Table 2: Ages of eight UK supermarkets demolished in the last eight years

Store number 1 2 3 4 5 6 7 8 Mean Age
Age at demolition (years) 35 22 15 16 23 26 29 18 23
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The data for the store closures shows that the service life of these stores varied from 15 to 35
years with the mean age being 23 years. This suggests that the assumptions of 30 and 60 year
service lives applied in the studies of new supermarket buildings need to be reviewed.
According to this data, a parametric study using the range of 15 to 35 years would be more
appropriate. However, Table 1 shows that just under 10% of the existing stores included in
this study exceed this age range; the oldest store still operating being 52 years old. The mean
age of existing stores is 18 years, and if those less than 15 years old (the earliest date of
demolition recorded) are excluded, the mean value rises to 26 years. The two datasets may be
combined to define an appropriate range for the assumed service life in a parametric study.
For example, the range could be based on a minimum of 15 years, and a maximum 52 years,
the highest age of the stores still in operation. Intermediate values can be selected whereby
25 years represents the rounded mean age of all stores older than 15 years, and 35 years is the
age of the oldest store to have been demolished.

Parametric techniques for estimating embodied carbon contribution

The ratio EC:OC for two of the studies provided by Sainsbury’s was recalculated using a
parametric approach combined with the data on store ages. These two stores were chosen
because they have the lowest and highest proportional embodied carbon for their original
assumed service life of 60 and 30 years respectively. They represent a standard specification
store (Store 1) built to meet UK building regulations in 2010 without any significant energy
efficiency improvements, and a highly energy efficient store (Store 2) which had a range of
measures applied to reduce operational energy and carbon emissions and achieved BREEAM
‘Very Good’. The percentage contribution of embodied carbon (initial and recurring) to the
whole lifecycle are plotted in

Figure 1 for the range of service life lengths determined from historical data and including the
originally assumed service life.

Jpercentage m Store 1 (Original assumption 60y) JPercentage m Store 2 (Original assumption 30y)
40
17.8
0 - - , - , t
15y 25y 35y 52y  Original Value Orlglnal
Value

Figure 1: Impact of service life on calculated embodied carbon as a percentage of whole life carbon for two
supermarkets

Compared to the original result, the embodied carbon proportion was higher in all but two of
the eight modelled scenarios and in the case of Store 2, rose above 50% of whole life carbon
emissions for the 15 year scenario. The proportional contribution of embodied carbon to
whole life carbon increases as service life decreases: for store 1, there is an increase of 120%;
and for Store 2 it is 77% between the maximum and minimum service life lengths assumed
here. Thus the phenomenon described earlier whereby buildings with a more dominant
operational phase are more sensitive to variance of the service life is clearly demonstrated.
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Discussion and conclusions

The results clearly highlight that the assumptions about service life length have a marked
impact on ratio EC:OC. This is important because it calls into question assertions such as that
of Scheuer et al., that ‘the optimization of operations phase performance should still be the
primary emphasis for design’ [27, p. 1061]. Thus there is clearly a need for greater rigour in
the justification of assumptions about service life. Of the three main options for justification
found amongst published studies, design life is discounted on the basis that it is rarely a
reliable indicator of the likely service life of a building. The proposed solution adopted here
for the case study of UK supermarkets is to combine the remaining two approaches to use
historic data from existing buildings as a basis for a parametric range for the service life.

There are drawbacks to this method, not least the requirement to gather significant amounts of
data on existing buildings, which may be hard to obtain. Furthermore, drawing conclusions
from the data was not straightforward in the case study presented. The data on existing stores
is inconclusive as it cannot be proven how long these stores will last. Yet data on the store
closures alone is not wholly representative, since a proportion of existing stores have already
outlived the oldest store closure to date. Nevertheless, the research progress so far provides a
good indication that the method has the potential to be developed in depth and breadth,
leading to an improved understanding of the significance of different phases of the building
lifecycle.

Further study of the technical and social factors that affect supermarket service life in practice
could potentially allow for more case specific assumptions to be made for a given building. It
could also lead to conclusions about how to minimise embodied impacts of supermarket
construction, for example, if the non-technical aspects that limit service life can be mitigated.
The technique should also be tested in other property sectors to ensure that it is applicable
beyond the context demonstrated here of UK supermarket buildings.
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