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ABSTRACT: Conserving buildings rather than demolishing and rebuilding them avoids energy 
consumption and greenhouse gas emissions which would result from the embodied energy expended 
in providing new construction materials and components. This paper explores the potential 
environmental advantages of conserving buildings particularly in the area of historic dwellings.  To 
retain the distinct character of older suburbs, some local councils are seeking to persuade residents to 
renovate older houses rather than demolish and re-build.  The paper describes research which uses a 
late 19

th
 century stone villa as a case study for a desk-top analysis of life cycle energy consumption, 

greenhouse gas emissions and costs.  Two scenarios are considered which are (a) renovate and 
extend and (b) demolish and re-build to a similar design.  The results show that the life cycle emissions 
of the renovated/extended villa are 26% less than the demolish/re-build scenario.  In addition, the 
renovated/extended villa scenario is moderately less expensive.  The combination of lower cost and 
emissions may be sufficient to influence residents to retain historic dwellings although there are  
definite advantages of a completely new building and the paper comments on further inducements to 
discourage the demolish/re-build choice.    
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INTRODUCTION 

It has been argued that historic buildings are highly beneficial within the built environment by providing an enhanced 
quality of life and a deeper ‘sense of place’ for residents (Pettit, 2009).  Indeed, advocates of such places suggest 
that social sustainability is improved through greater community identity, pride and well-being leading to higher 
neighbourhood cohesion and social capital (Balderstone, 2004).  Other facets of sustainability have also been 
referred to in connection with historic buildings.  In supporting the cultural patrimony case, the World Bank (2001) 
argued that the key economic justification was that prior generations had already paid the costs and it was a waste to 
disregard such assets.  Environmental sustainability has been linked to historic buildings since their retention 
reduces demolition waste and avoids the use of new materials for replacement buildings.  The avoidance of new 
materials eliminates the expenditure of embodied energy for their manufacture and prevents the emissions of 
associated greenhouse gases. Indeed, Rypkema (2005) has directly linked the argument by the World Bank to the 
concept of embodied energy in the valuing of buildings as part of the stewardship and preservation of the built 
environment. 

This paper explores the potential environmental advantages of conserving buildings with special reference to historic 
residential buildings.  It specifically aims to quantify any such advantages by using a life cycle energy and emissions 
approach to the case study of a 100 year old Adelaide stone villa.   The next section of the paper provides some 
background to the topic followed by a summary of the methodology.  An analysis of the case study is then carried out 
by means of a desk-top study of the two scenarios of (a) renovate and extend and (b) demolish and rebuild to a 
similar design. 

1. BACKGROUND 

A number of researchers have suggested that embodied energy should be taken into account in valuing historic 
buildings.  Jackson (2005) reviewed the development of embodied energy assessment in buildings and concluded 
that it should be another factor to be considered in sustainable design especially for historic preservation.  He 
appealed for better green-building rating systems which were suitable for historic buildings and which promoted the 
principle of re-use of buildings and materials.  The Heritage Council of Victoria (2009a) have suggested that life cycle 
analyses of the building fabric need to be considered as part of the conservation process to attain optimum energy 
performance outcomes. 
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Further work by the Heritage Council has commented on heritage buildings raising their energy performance to meet 
current regulations (Heritage Council of Victoria, 2009b).  In general, to satisfy the performance requirements of the 
Building Code of Australia, buildings must comply with Deemed–to-Satisfy provisions or be designed according to an 
Alternative Solution.  The latter is more suited to improving the performance of buildings which were designed and 
constructed many years ago.  As far as energy efficiency is concerned, the Alternative Solution offers the possibility 
of retaining a perceived thermally inefficient building fabric if it can be compensated by innovative design strategies 
(Heritage Council of Victoria, 2009b).  Hence, the assessment method for an Alternative Solution may include 
information such as an estimation of the embodied energy savings as a result of the retention and continued use of 
the existing heritage building.  This raises the possibility of allowing concessions for historic buildings in meeting 
current performance standards.  

Drewe (2007) described the embodied energy of buildings as a ‘sunken energy cost’ which could only be partially 
offset if the construction materials were recycled or re-used at the end of a building’s life.  Furthermore, he addressed 
the question of whether embodied energy should be included in an assessment of life cycle energy of a building.   He 
suggested that the embodied energy of an existing property is cancelled out and for this reason should not be part of 
total energy comparisons. 

The concept of sunk embodied energy, that is energy expended in the past for the manufacture of materials and 
construction of existing buildings, has been described by Williamson and Pullen (2009).  They proposed a link 
between sunk embodied energy and the cultural value of buildings particularly for historic constructions. Such a link 
reflects the capital theory approach to sustainable development where man-made, human, social and environmental 
capital are interchangeable and there is potential for substitution of one type by another (Kohler, 2006). The 
connection between man-made and social capital indicated by the sunk embodied energy concept would suggest 
significant cultural benefits from built environments with higher embodied energy.  Generally, older historic buildings 
that survive in good condition today are of higher embodied energy resulting from substantial proportions and solid, 
durable construction (Pullen, 2010a).   Williamson and Pullen (2009) concluded that, with further development, the 
concept might be incorporated into practice guidelines for promoting sustainability in buildings.   

This raises the question of how this might actually work?  Certainly the embodied energy of historic buildings can be 
estimated, but how can it be of relevance when greenhouse emissions in the past have happened and cannot be 
reversed?  As Drewe (2007) suggested, embodied energy of existing buildings should not be part of forward looking 
comparisons of total energy.  A possible methodology would be to separate the (a) initial stage of determining 
whether a building qualified for special consideration from the (b) concessional treatment of the building.  Hence, the 
large embodied energy of the historic building would imply a cultural value which would qualify it for further 
consideration.  From that point in the treatment of the building, only future embodied energy expenditure would be 
considered as part of a life cycle energy and emissions analysis. 

A recent study of the life cycle greenhouse gas emissions of an historic Unley stone villa in South Australia provides 
an opportunity to explore this methodology.  Hence, this case study examines the potential influence of embodied 
energy on the environmental impact of renovating historic residential buildings (Bennetts and Pullen, 2010).  The City 
of Unley council has a high proportion of residential dwellings built before World War II that provide an important 
contribution to urban design and streetscape, and this is recognised through policies and guidelines encouraging 
retention.  However, the environmental contribution represented by the materials and energy invested in existing 
house is not currently recognised in the planning and building approval process.  It was proposed to analyse a typical 
100 year old Unley Villa to determine whether there were environmental advantages to renovating and extending the 
dwelling rather than demolishing and rebuilding it.  The methodology was confined to comparing certain energy and 
emissions components within a 50 year life cycle, namely, the heating and cooling operational energy and the 
embodied energy expenditure over the period.  This can be summarised as follows: 

E50 year = (50 x EH&C) + EEmbod. 

  where E50 year is the combined energy (or emissions) 

EH&C is the annual energy (or emissions) used for 
heating and cooling over this period 

EEmbod. is the embodied energy (or emissions) 
expended over this period. 

The operational energy for water heating, lighting and appliances was not taken into account as it was considered 
that this component would be similar for both scenarios.      

2. ANALYSIS OF CASE STUDY  

2.1 Description 

The front elevation of the typical late 19
th

 century villa is shown in Figure 1.  The villa consists of a sandstone front, 
double brick side and rear walls and a verandah with ornate lacework to the façade.  The floor plan is shown in 
Figure 3 and offers basic accommodation by modern standards even with a later addition at the rear enabling the 
toilet to be brought under the main roof.  To provide contemporary amenities, an enhanced concept design for the 
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villa by H. Bennetts (Bennetts and Pullen, 2010) is shown in Figure 2 and the corresponding floor plan in Figure 4.  
Three of the existing rooms of the villa are used as bedrooms taking advantage of the good size of these rooms and 
their mass which provides acoustic privacy. The fourth room is divided to create an ensuite and walk-in-robe to the 
main bedroom and a study.  The bath/laundry forms a link between the existing villa and the new addition and has a 
lower ceiling level (2.4 metres). This area has doors at each end of the hallway to allow it to be separated from areas 
that require temperature conditioning thereby reducing the area to be heated or cooled. The kitchen/dining/living is 
set back from the existing villa creating a courtyard and allowing solar access to the family room in mid-winter. Bi-fold 
doors allow this area to be extended into the courtyard, which with adjustable shading, will be useable for a large part 
of the year.  

 

 

Figure 1: Typical Unley villa (source: City of Unley, 2008) 

 

Figure 2: Concept design of original villa with new extension or demolished and rebuilt extended villa 

(source: Bennetts and Pullen, 2010) 

2.2 Heating and cooling energy and emissions 

The heating and cooling loads were estimated using AccuRate software for the two scenarios i.e. renovation of the 
original villa with a new extension or all new construction and in both cases a six star rating was achieved as shown 
in Table 1.   
 

Table 1. Six stars AccuRate simulation results for heating and cooling load (annual) 

 Heating Load 

(MJ/m
2
) 

Cooling Load 

(MJ/m
2
) 

Total Load 

(MJ/m
2
) 

Stars 

Renovated villa plus extension 70.7 24.7 95.4 6.0 

Rebuilt villa to similar design 57.6 38.0 95.6 6.0 
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Figure 3. Floor plan – ‘Original’ Villa 

 
 

Figure 4. Floor plan for original villa with new extension or rebuilt villa to similar design 
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For the all new construction, the main features were brick veneer walls with R2 insulation, R4 insulation to the ceiling, 
aluminium-framed windows with single glazing and concrete slab-on-ground.  To achieve a six star rating for the 
renovation of the villa plus extension, it was necessary to focus on the performance of the extension given the 
limitations to changing the original villa.  The external walls of the Kitchen/Dine/Family room were enhanced with 
reverse brick veneer, insulation was increased to the external walls to R2.5 bulk insulation and timber-framed 
windows were specified with low-e glass. Although the combined heating and cooling loads were similar for both 
scenarios, the renovated villa plus extension revealed a lower cooling load resulting from the higher thermal mass in 
the original part of the building.   
 
To convert the heating and cooling loads to delivered energy, it was necessary to specify heating and cooling 
appliances. For this study, it has been assumed that ducted reverse cycle air conditioning would be used with a 
coefficient of performance of approximately 3.  To evaluate the associated greenhouse gas emissions, a conversion 
factor of 255 kg CO2-e/GJ has been used as indicated for South Australia by the National Greenhouse Accounts 
(NGA) factors (Department of Climate Change, 2009).  This resulted in 57.2 tonnes of carbon dioxide equivalent 
(CO2-e) over 50 years for the original villa plus extension scenario and 57.3 tonnes CO2-e for the villa rebuilt to a 
similar design.  
  

2.3 Estimation of embodied energy and emissions 

The embodied energy and emissions of the renovate/extend and demolish/re-build versions of the case study were 
estimated using spreadsheets which list building elements and possible materials choices (Pullen, 2007). Material 
selections were made for the building elements and sub-elements e.g. roof, walls, floors, window frames, etc by 
entering the corresponding area (in m

2
) into the spreadsheet.  For instance, if the external walls of the house 

consisted of 95m
2
 of brick veneer, then this figure is entered in the appropriate spreadsheet cell enabling an estimate 

to be made for the quantity of materials involved in that construction (in kg).  Spreadsheets have been developed for 
Adelaide houses constructed in different periods since the founding of the South Australian colony (Pullen, 2010a).  
This enables the analysis of particular house styles and construction techniques from the different eras.   As an 
example, the spreadsheet for early twentieth century houses assumes rubble mortar strip footings, lower window to 
floor area ratios and higher roof pitches compared with more recently constructed houses.  The spreadsheet for this 
period was used for estimating the embodied energy of the renovated villa whereas a contemporary version was 
used for the extension to the villa and the rebuilt and extended house design.  
 
Embodied energy coefficients are used in the spreadsheet to convert the material quantities to primary energy (in 
MJ).  The coefficients were derived from a combination of input-output analysis and process analysis using data from 
local manufacturers for the direct energy inputs into the main construction components to form hybrid embodied 
energy coefficients which were used throughout the analysis.  Typically, the embodied energy of houses ranges from 
6.4 GJ/m

2
 to 8.9 GJ/m

2
 (in primary energy terms) of floor area depending on the age, construction methods and 

materials of the houses. Older properties are likely to have larger proportions and heavier materials resulting in a 
higher embodied energy.  Coefficients are used to estimate greenhouse gas emissions in terms of carbon dioxide 
equivalents (kg CO2-e) for the different fuels involved. The greenhouse factors used to convert the embodied energy 
to CO2-e are national figures rather than the state-specific ones used for the conversion of heating/cooling 
operational energy. This is to allow for the difficulty of determining where materials are manufactured and also for the 
fact that one material may have components or aspects that have used energy in more than one state. 
 

Table 2. Embodied energy (EE) analysis  

Form of dwelling Component EE (GJ) CO2-e (tonnes) 

Original Villa Original (sunk energy) (980) (77) 

Original villa+extension 

 

Internal ensuite/walk-in-robe 32 2 

 Extension 652 51 

 Maintenance/renovation  707 56 

 Total for 50 year life cycle 1391 109 

Re-built villa to new design  New Build  1414 112 

 Maintenance/renovation  707 56 

 Total for 50 year life cycle 2121 167 

 

From the point of view of comparing the scenarios over the future life cycle of 50 years, some adjustments must be 
made to the embodied energy figures. The first is to exclude the embodied energy of the villa that has been 
expended in the past (sunk embodied energy) since this is not part of the future 50-year lifecycle (i.e. the 980GJ 
shown in parentheses in Table 2). The purpose of showing the sunk embodied energy in this table is to indicate that 
the original villa is of significant cultural value as described in the background to this paper and that this qualifies it for 
special treatment. A further adjustment that needs to be made is to add an amount of embodied energy for 
maintenance and renovation in the future known as recurrent embodied energy.  Research on recurrent embodied 
energy suggests that it is about 10% per decade of the initial embodied energy and this figure is used in this 
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estimation (See, 1998).  It is assumed that normal maintenance is similar in both the renovate/extend (once any 
significant repairs are made) and demolish/re-build versions over the 50 year life cycle.  
 

3. RESULTS 

The comparison of the greenhouse gas emissions for the renovated villa plus extension and the re-built villa to the 
same design for the 50 year life cycle is shown in Table 3 indicating a saving of 26% of life cycle energy by 
conserving the villa.   

Table 3. Greenhouse gas emissions over the 50 year life cycle 

Form of dwelling  CO2-e (tonnes) 

(tonnes) 
Villa + Extension Embodied energy 109 

 Heating and cooling 57 

 Total for 50 year life cycle 166 

Re-built villa to new design Embodied energy 167 

 Heating and cooling 57 

 Total for 50 year life cycle 224 

 

Cost estimates were carried out based on the Archicentre Cost Guide (AIA, 2010) on the two scenarios and are 
shown in Table 4.  A significant unknown for the renovated villa plus extension is the work required for upgrading the 
original building to modern standards with respect to plastering, painting, wiring, plumbing, relocation or replacement 
of windows, renewal of fixtures and fittings, cabinetry additions and tiling.  In addition, significant variations could 
occur depending on the structural condition of the villa possibly necessitating repairs to footings, cracking of walls 
and damp-proofing.  Consequently, a range of costs were adopted for these items.  If the average cost for the villa 
renovation plus extension is taken, then the cost of this option is 10% less than the demolition and rebuilding 
alternative.   

Table 4. Estimation of costs ($) 

 Villa + extension Re-built villa to new design 

Demolition and removal  - 3,000 

Renovation and repair 27,500 – 87,500 - 

New construction  230,900 317,500 

Total  258,400 – 318,400 

(average 288,400) 

320,500 

 

4. DISCUSSION 

Although there are savings of 26% in future life cycle emissions by retaining the original villa and extending it, the 
average cost saving of 10% would not seem to offer sufficient financial incentive to persuade all owners to adopt this 
option.  The attraction of modern construction features such as concrete-slab-on-ground, new services and materials 
with known maintenance requirements may be greater than the relatively modest cost saving.   One way to make the 
conservation approach more appealing would be to value the sunk embodied energy and emissions and allow a 
concession on future operational energy emissions.  In the case study, this could involve a concession on the energy 
efficiency performance of the extension and retained villa combination. To obtain six star performance overall, the 
extension required certain features such as reverse brick veneer walls, additional insulation and low-e window glass 
i.e. a significantly higher star rating for the extension alone. This represents a very stringent approach to improving 
the energy efficiency performance as the Building Code of Australia (ABCB, 2011), through the local State building 
codes, allows for various approaches.  These include rating the actual extension, rating the extension and existing 
house combination and rating the whole house with whatever is required to comply but then allowing just the 
extension to be constructed accordingly (SA Housing Code, 2011). 
 
If the specification adopted for the extension to the original villa was set at the minimum energy efficiency 
requirements for compliance with the Building Code of Australia (ABCB, 2011) i.e. 6 stars, then there would be 
further cost savings due to the more conventional construction features.  This would be in keeping with the energy 
efficiency requirements of the Building Code although the extension and retained villa combination would actually 
perform at a lower level.  Further analysis using AccuRate software with the more conventional construction features 
in the extension and the original villa indicated a combined rating of 5.1 stars with a heating and cooling load of 122.3 
(MJ/m

2
) resulting in greenhouse gas emissions of 73.3 tonnes over the 50 year life cycle.   

 
The corresponding embodied energy analysis was not significantly different at 1376 GJ resulting in 108 tonnes CO2-e 
of greenhouse gas emissions.  This would result in 19% savings in life cycle emissions (see Table 5) by retaining the 
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original villa and extending it which is a substantial amount.  The cost estimate of the 5.1 star alternative was 
$211,500 - $271500 with an average of $241,500 which is 25% less than the re-build option.  Such savings in cost 
may persuade more owners to adopt this option. Hence, by valuing the embodied energy and using a life cycle 
approach, a more attractive environmental and financial outcome is achieved. 
 

Table 5. Greenhouse gas emissions over the 50 year life cycle for the three options 

Form of dwelling  CO2-e (tonnes) 

(tonnes) 
Villa + Extension (6 star overall) Embodied energy 109 

 Heating and cooling 57 

 Total for 50 year life cycle 166 

Re-built villa to new design (6 star) Embodied energy 167 

 Heating and cooling 57 

 Total for 50 year life cycle 224 

Villa +Extension (5.1 star overall) Embodied energy 108 

 Heating and cooling 73 

 Total for 50 year life cycle 181 

 

The next best option to conserving historic residential buildings would be to ensure that as much of the demolished 
materials were re-used as possible in the re-building process.  This would result in a credit for the embodied energy 
and emissions for the re-built villa, thereby lowering the estimated life cycle emissions of 224 tonnes CO2-e.  
However, the outcome would depend significantly on the proportions salvaged (Pullen, 2010b) and it is likely that 
high recovery rates would be consistent with good quality construction which may favour the case for retention of the 
dwelling in any event.   
   
It is recognised that the results of this case study analysis would differ given the selection of alternative design 
variables.  For instance, the orientation of the villa with a south facing rear garden was intentionally chosen for this 
exercise to demonstrate the viability of a less than ideal situation.  The majority of dwellings do not have north facing 
rear gardens and it was important to encompass as wide a range of residents’ interests as possible.  Furthermore, 
the delivered energy requirements in providing the simulated heating and cooling loads would change if alternative 
heating and cooling appliances with different efficiencies and energy sources were used in the analysis.  There 
needs to be more information on recurrent embodied energy for maintenance.  However, the analysis has highlighted 
certain issues in the valuing of embodied energy relevant to historic residential buildings which require further 
analysis to cover other variables.   

5. CONCLUSION 

This paper has proposed a methodology for valuing embodied energy in the conservation, maintenance and 
upgrading of historic dwellings which consists of the two stages of (a) qualification and (b) performance concession.  
The initial stage of qualification recognises the value of sunk embodied energy and its associated cultural and social 
benefits.  It reflects the capital theory approach to sustainable development and allows for the interchangeability 
between man-made and social capital. Having qualified for treatment according to this methodology, the building is 
analysed on a life cycle energy and emissions basis and from this point in the upgrading of the building, only future 
embodied energy expenditure would be considered. 

In the 100 year old villa case study presented, greenhouse gas emissions and approximate costs are considered for 
the renovate/extend and demolish/re-build scenarios.  Although the renovated and extended villa yields 26% less life 
cycle emissions than the demolished and re-built house, the savings in cost are a more modest 10% and this may 
not be sufficient incentive for the conservation approach to be adopted by house owners.  By making a concession 
on the energy performance of the renovated and extended villa, a 19% saving of life cycle emissions is achieved in 
combination with a 25% cost saving which may be sufficient inducement for taking the conservation route. 

The paper has indicated by means of a case study that there are environmental advantages (i.e. reduced 
greenhouse gas emissions) in valuing embodied energy to support the conservation of existing historic residential 
buildings.  A life cycle energy approach is needed to demonstrate the value of conserving dwellings and encourage 
the retention of the character of suburbs and provide cultural benefits to residents.  The cost savings alone may not 
be sufficient to encourage owners to avoid demolition and rebuilding.  However, if the emissions arising from the 
embodied energy can be used as part of the life cycle emissions analysis, then the case for conservation is 
strengthened. More examples should be analysed to include different age dwellings, alternative orientations and 
other heating/cooling devices to confirm the initial findings.  Furthermore, there is scope to extend the use of the 
methodology to buildings that are not considered of historic significance but where embodied energy is a significant 
part of life cycle energy and emissions. 
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