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ABSTRACT: The study of the embodied energy of construction materials has developed considerably 
over the past decade and the design of sustainable buildings often considers the use of materials with 
low embodied energy.  In addition, the estimation of embodied energy has contributed to research into 
the overall energy consumption of buildings.  This paper views embodied energy from an alternative 
perspective and provides a conceptual approach to its use.  Embodied energy may be viewed as a 
capital energy investment in a building and can be compared with the initial and sometimes 
irrecoverable funds known as sunk costs which are required to commence a commercial enterprise.   
 
The concept of sunk embodied energy for valuing the built environment is introduced and it is proposed 
that this provides a measure of cultural patrimony.  Existing buildings and infrastructure can contribute 
to the quality of life and cultural identity of local communities and this should be considered when 
neighbourhoods are changed.  The paper concludes by promoting the expenditure of sunk embodied 
energy which has a large component of recoverable building materials, components and buildings as 
this maximizes the cultural benefits yet minimises the environmental disadvantages. 
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INTRODUCTION 

The embodied energy of materials and buildings was investigated by researchers in the 1970s (Hill, 1978; Stein et al, 
1976; Boustead and Hancock, 1979; Baird and Chan, 1983) although subsequent efforts to minimise overall energy 
consumption in the built environment were mainly directed at reducing operational energy usage.  As a result of the 
probable effect of greenhouse gas emissions from the manufacture of construction materials on the environment, 
research on embodied energy in Australia resumed in the early 1990s (Tucker et al, 1993: Tucker and Treloar, 1994).  
Over a decade later, the consideration of embodied energy has become commonplace in the design and construction 
of buildings where the lowering of their impact on the environment is intended. (AGO, 2008).   

Embodied energy may be viewed as a capital energy investment in a building and can be compared with the initial 
and sometimes irrecoverable funds known as sunk costs which are required to commence a commercial enterprise.  
Urban environments represent enormous investments in both financial and energy terms and provide very significant 
benefits to the communities that live within them. The concept of sunk embodied energy for valuing the built 
environment is proposed in this paper.  Sunk embodied energy incorporates the conventional components of 
embodied energy and combines these with the social and cultural benefits obtained from the provision of buildings 
and infrastructure.  The consideration of sunk embodied energy provides insights for the operation and development 
of the existing built environment in the future.  The purpose of this paper is to define this new concept and highlight 
how it can be used as an underpinning for the management of buildings and urban areas subject to increasing 
environmental demands. 

1. BACKGROUND 

1.1. Embodied energy as a sunk cost  
The concept of treating embodied energy as a sunk cost has been referred to by Stein (1979) in discussing the 
energy value of existing stocks of buildings.  He suggested that the built environment represented an enormous 
investment in both dollars and energy.  Stein proposed that these sunk costs should be evaluated on the basis that 
urban settlements allow the full range of human activities to take place. 

In the context of cultural heritage, the World Bank (2001) relates sunk costs to cultural patrimony: 

…the key economic reason for the cultural patrimony case is the vast body of assets, for which sunk costs have 
already been paid by prior generation, is available.  It is a waste to overlook such assets …     



 

43rd Annual Conference of the Architectural Science Association, ANZAScA 2009, University of Tasmania 

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. 

The connection between embodied energy and the value of the built environment can be conveniently explored by 
initially considering that portion of the built stock which is recognised as having heritage value and then applying that 
link more generally to other buildings.  The Heritage Council of Victoria promotes the retention of heritage buildings 
as having environmental sustainability benefits.  Rowe et al (2008) argue that conserving such buildings reduces 
energy consumption by exploiting their embodied energy compared with the re-building process which involves 
demolition activities, waste generation and disposal, on-site construction activity and, most importantly, new 
materials.  Indeed, even if materials from demolished buildings are re-used or recycled, the embodied energy saving 
is not as great as if the building materials were retained in situ (Rowe et al, 2008).  In addition to the advantage of 
retaining buildings, there is a social sustainability benefit which has been described by Balderstone (2004) as follows. 

In relation to social sustainability, heritage places contribute to community identity, and their conservation, 
interpretation and presentation can be a source of pride and well-being.  The ongoing use and profile of such places 
can contribute to community cohesion and social capital, through bringing people together for a shared purpose. 

These observations reflect the capital theory approach to sustainable development which describes the interrelation 
of man-made, human, social and environmental capital and the potential for substitution of one type by another 
(Kohler 2006, Kohler and Yang, 2007).  Pearce (2003) has commented on the large, but as yet largely unquantified, 
benefits of a well designed and maintained built environment to human wellbeing and cultural identity.  Referring to 
the current built environment in general, rather than just heritage buildings, Pearce (2003) describes it as being the 
outcome of the history of construction activities (which involves considerable embodied energy expenditure) and the 
main part of man-made capital which has an effect on human and social capital.  Hence, investment in the 
construction of the built environment in the form of sunk embodied energy can result in an increase in social capital.  
It follows that the retention of this man-made capital is to be encouraged as it has both social and environmental 
benefits. 

1.2. Comparison with sunk costs in economic models 
Reference to the use of the term sunk costs in economics theory provides some background to a comparison with 
embodied energy.  The significance of sunk costs in economic models is subject to some interpretation.  In 
microeconomics theory, sunk costs are conventionally defined as costs that have been irrevocably committed and 
cannot be recovered (Wang and Yang, 2001).  Hölzl (2005) distinguishes between tangible sunk costs, that is 
physical capital such as buildings and machinery, and intangible sunk costs, such as advertising and technical 
knowledge.  In macro-economics theory, the conventional definitions of sunk costs and their irrevocability are strongly 
disputed by Owen (2007) who claims that the descriptions are inadequate and dismissive of the significance of these 
costs.  His main criticism is that the definitions do not consider how sunk cost evaluations might evolve over time due 
to unforeseen events and contingencies.  In other words, changing circumstances may enable some sunk costs to be 
recovered. 

These observations are consistent with the treatment of the embodied energy of the existing built environment as a 
sunk cost.  Hence, sunk embodied energy includes tangible assets such as buildings and infrastructure as well as the 
associated aesthetic, cultural and social benefits.  In recognition of the possible future recovery of some construction 
materials from demolished buildings, a portion of sunk embodied energy may eventually be liberated in the form of 
construction materials for re-use or recycling.   The transformation of this portion of sunk embodied energy to 
recoverable embodied energy at the end of the life cycle of a building is consistent with the views of Owen (2007) and 
the evolutionary changes of sunk costs with time.  Future costs of construction materials (influenced by higher energy 
costs) and probable higher landfill disposal costs are likely to create the conditions favourable for increased 
recoverable embodied energy.  

2. DEVELOPMENT OF THE SUNK EMBODIED ENERGY CONCEPT 

The use of sunk embodied energy as a proxy for the initial energy consumed by buildings and infrastructure, and the 
associated cultural benefits offers a potentially useful method in valuing the existing urban environment.  Since these 
combined benefits may be difficult to define in terms of conventional capital accounting, the sunk embodied energy 
would have a floating value beyond a quantifiable minimum.  Figure 1 provides a diagrammatic representation of the 
concept and the following explanations in Table 1 explain the various features of sunk embodied energy.   

Note that the Minimum Value (1) will vary significantly depending on the type of building or infrastructure demolished.  
The rate of recovery is normally higher for metals although substantial proportions of lower value materials such as 
concrete are ‘down-cycled’ into uses such as roadbase (RMIT, 2006).  Furthermore, the embodied energy 
coefficients mentioned alongside Estimated Value (3) represent the total energy consumed to manufacture a material 
per unit quantity (eg tonne of m3).  There are a number of methods for estimating these coefficients and those based 
on a combination of input-output analysis and process analysis represent the most advanced (Treloar et al, 2001; 
Treloar, 2007) 
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Table 1. Explanation of terms used in sunk embodied energy 

Minimum value (1) The minimum recoverable embodied energy from available 
recycled materials at demolition. 

Variable recoverable value (2) The variable recoverable embodied energy depending on the 
extent to which materials, components, buildings and 

infrastructure can be reused or recycled. 
Estimated value (3) The embodied energy of the materials used in the 

building/infrastructure and the energy consumed in 
construction, maintenance and any refurbishment operations.  

Determined from the sum of the products of materials 
quantities and embodied energy coefficients.  

Floating value (4) The value of sunk embodied energy consisting of the 
estimated value component (3) and the indeterminate 
component representing associated cultural benefits 

 

The associated cultural benefits component of the floating value of sunk embodied energy indicates the value to the 
community of the buildings and infrastructure in which they live.  These benefits range from the basic provision of 
shelter for living and working activities (houses, office, factories, etc) through to the support of commerce and 
industry by means of transport and communications infrastructure.  They underpin the means by which human and 
social activities can occur and they also provide amenity and aesthetic qualities which contribute to cultural richness 
and identity. 

 

Figure 1. Representation of the sunk embodied energy concept 

The minimisation of energy consumption in the built environment that is based on fossil fuel sources has been the 
subject of considerable research.  This is because there are a number of disadvantages to a reliance on fossil fuels 
(Pullen, 2007) including the link between greenhouse gas emissions arising from human activities and climate 
change (IPCC, 2007).  Since the embodied energy of buildings is part of life cycle energy consumption, it has 
generally been considered that it should be considered in efforts to minimise energy usage (Tucker et al, 1993; Fay, 
1999; AGO, 1999; Treloar et al, 2000, Perkins, 2001; Troy et al, 2003).  In practice, this means that materials with 
lower embodied energy may be given preference resulting in buildings with lower overall life cycle energy. 

Conversely, the concept of sunk embodied energy proposed in this paper would seem to imply that maximising 
embodied energy is desirable at least for the ‘associated cultural benefits’ component.  On the face of it, this seems 
to contradict the findings of previous research.  However, if the minimum value (1) in Figure 1 can be increased to 
that of the estimated value (3), which means more recoverable embodied energy, then the apparent disadvantage of 
higher embodied energy is minimised enabling the advantage of the associated cultural benefits to be fully 
appreciated.  This leads to a refinement of the concept of sunk embodied energy which is shown diagrammatically in 
Figure 2 revealing the division of embodied energy into recoverable and non-recoverable.   
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Figure 2. Refinement of the sunk embodied energy concept 

The embodied energy proxy is now assigned a positive or negative value depending on whether it is beneficial or 
deleterious to the built environment.  The embodied energy from building materials that are not recoverable during 
demolition and are destined as landfill are shown as having a negative effect. 

3. APPLICATION OF THE SUNK EMBODIED ENERGY CONCEPT  

The link between man-made and social capital indicated by the sunk embodied energy concept would suggest 
substantial benefits from built environments with higher densities of embodied energy.  On the urban scale, embodied 
energy density increases as human settlement size increases from towns to small cities through to high rise large 
cities.  The embodied energy of city buildings not only increases with number of storeys and complexity but also due 
to increased loading requirements and infrastructure (Langston and Langston, 2007; Treloar et al, 2001; Pullen, 
2007).  Towns and cities provide many community benefits in terms of providing dwellings, employment, education 
and health services and the larger high-rise cities are arguably the cultural icons of many nations and societies.  
Furthermore, there is an urban planning trend to promote the increased densification of certain urban areas in the 
quest for better environmental outcomes and related social benefits (Rickwood et al, 2008). 

Historically, the past existence of cities has been seen as a manifestation of developed civilisations supporting the 
concept of a relationship between sunk embodied energy and social capital.  Of course, a direct comparison of 
embodied energy density between cities through the ages would require the analysis of other variables in the 
relationship.  These might include a ‘technology factor’ (TF) which accounted for available forms of energy, resources 
and materials.  At a simplistic level, it might be assumed that greater cultural benefits will accrue from higher 
embodied energy investment.  A tentative relationship is shown in Figure 3 for modern and ancient built environments 
showing that both have a similar cultural value.  Hence, buildings with lower sunk embodied energy (due to the use of 
low embodied energy materials) may have as high a cultural value as buildings with higher sunk embodied energy.  
Clearly, this concept requires further investigation and offers the prospect of relating the embodied energy of 
materials, buildings and built environments with cultural value.  

It must also be recognized that built environments need to be well maintained as it is easy to cite examples of sunk 
embodied energy where the social value is diminished by urban deterioration.  Furthermore, there must be a certain 
degree of flexibility in building design to enable sunk embodied energy to be periodically supplemented to make it 
suitable for current requirements.  This has been demonstrated by Itard and Klunder (2007) in the study of two 
housing blocks in The Netherlands where four future scenarios were considered; ordinary maintenance, 
improvement, transformation (substantial renovation) and rebuilding.    Transformation was found to be the most 
environmentally efficient (including energy expenditure) but this assumes that substantial renovation is possible and 
not restricted by practical issues such as load bearing walls and ceiling heights.  

A further consideration is the comparison of lightweight and heavyweight buildings which should take into account 
different life expectancies and different additional quantities of embodied energy due to maintenance and repair 
operations.  Heavyweight buildings may commence with a higher sunk embodied energy but, over a significant period 
of time, the difference with lightweight buildings is likely to reduce when different maintenance and replacement 
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regimes are considered.  It seems probable that life cycle concepts will play an important part in the development of 
the relationship between sunk embodied energy and cultural value.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Tentative relationship between sunk embodied energy and cultural value 

 

Hence, the methodology used during urban development to maximise sunk embodied energy should follow the 
following hierarchy: 

• Exploit sunk embodied energy, where possible, by utilising existing buildings and infrastructure 

• Where new buildings are necessary, design and construct buildings which are durable, have a long life and 
are flexible in design and usage (with minimal maintenance and occasional refurbishment) 

• Re-use of parts of existing building structure (eg structural frame and facades) 

• Demolish and re-use materials (preferably on site) 

• Demolish and recycle materials (lower end use eg roadbase) 

• Demolish and dump as landfill.  

In the longer term, a consideration of recoverable and non-recoverable sunk embodied energy would be a further 
criterion for the selection of urban developments from alternative schemes. 

CONCLUSION 

This paper has explored the concept of sunk embodied energy as a means of valuing the built environment.  The 
retention of existing sunk embodied energy is important for maintaining both man-made and social capital in urban 
communities.  Increased investment in sunk embodied energy is beneficial provided it is recoverable (re-used and 
recycled materials and buildings) and used for constructing buildings and infrastructure which are flexible in design 
and well maintained to avoid urban deterioration and redundancy.  Taken overall, this concept should be a 
considered when comparing alternative schemes for developing existing or new buildings and built infrastructure to 
maximise long term benefits.  This will require the use of design approaches which recognize the interrelation of man-
made and social capital and the potential for substitution of one type by another.  In addition, further research is 
required in establishing the relationship governing sunk embodied energy and cultural value.  Although sunk 
embodied energy is still at the idea stage, it is envisaged that ultimately the development of this concept could be 
incorporated into practice guidelines which will enable it to be adopted more widely by built environment 
professionals. 

Cultural Value, CVt 

High TF  
S

un
k 

em
bo

di
ed

 e
ne

rg
y,

 E
E

s 

  X 

  X 

Low TF  

Modern built 
environment 

Ancient built 
environment 



 

43rd Annual Conference of the Architectural Science Association, ANZAScA 2009, University of Tasmania 

REFERENCES 

AGO (1999) Australian Residential Building Sector Greenhouse Gas Emissions 1990-2010. Final Report. Australian 
Greenhouse Office. Commonwealth of Australia. ISBN 1876536 25 X. July. 
AGO (2008). Your Home – Design for Lifestyle and the Future. Technical Manual 4th Edition Commonwealth of 
Australia. Available at URL: http://www.yourhome.gov.au/index.html Accessed 8/06/09. 
Baird G. and Chan S.A. (1983). Energy Cost of Houses and Light Construction Buildings. New Zealand Energy 
Research and Development Committee. Report No. 76. November. Victoria University of Wellington. 
Balderstone S (2004) Built Heritage: A Major Contributor to Environmental, Social and Economic Sustainability. 
Sustainability Forum Discussion Paper. Heritage Victoria. March.  Accessed on 8th June 2009 at 
URL:http://www.heritage.vic.gov.au/admin/file/content2/c7/Sustainability_Heritage_paper.pdf. 
Boustead I. and Hancock G. (1979). Handbook of Industrial Energy Analysis. Ellis Horwood, Chichester, UK. 
Fay, R., (1999) Comparative life cycle energy studies of typical Australian suburban dwellings. Ph.D. thesis, Faculty 
of Architecture, Building and Planning, University of Melbourne. 
Hill R.K. (1978). Gross Energy Requirements of Building Materials. Proceedings of a Conference on Energy 
Conservation in the Built Environment. Department of Environment, Housing and Community Development.  March. 
Hölzl W. (2005) Tangible and intangible sunk costs and the entry and exit of firms in a small open economy: the case 
of Austria. Applied Economics. 37. 2429-2243. 
IPCC. (2007). Climate Change2007: the Physical Science Basis. Summary for Policy Makers. Contribution of 
Working Group 1 to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Geneva. 
Switzerland. February. URL: http://ipcc-wg1.ucar.edu/wg1/docs/WG1AR4_SPM_Approved_05Feb.pdf  Accessed 23 
February 2007. 
Itard L and Klunder G (2007) Comparing Environmental Impacts of Renovated Housing Stock with New Construction. 
Building Research and Information. 35(3), 252-267. 
Langston Y and Langston C (2007) Building Energy and Cost Performance: An Analysis of Thirty Melbourne Case 
Studies. The Australasian Journal of Construction Economics and Building. Vol 7, No 1, pp1-18. 
Kohler N. (2006). A European Perspective on the Pearce Report: Policy and Research. Building Research & 
Information. Forum. 34 (3), 287-294. 
Kohler N and Yang W (2007) Long Term Management of Building Stocks. Building Research & Information. 35(4), 
351-362. 
Owen R (2007) Irreversibility, Endogenous Sunk Costs, “News” and Evolutionary Economic Methodology.  Working 
Paper No. 42.  The American University of Paris. Published by the Trustee Fund for the Advancement of Scholarship.  
24th January. 
Pearce D (2003) The Social and Economic Value of Construction. The Construction Industry’s Contribution to 
Sustainable Development. New Construction and Innovation Strategy Panel (nCRISP). London. UK.  Accessed 
8/06/09 and available at URL: http://ncrisp.steel-sci.org/Publications/SocialandEconomicValue_FR03%281%29.pdf 
Perkins A. (2001). The Influence of Urban Form on Life Cycle Transport and Housing Energy and Greenhouse Gas 
Emissions. PhD thesis. School of Geoinformatics, Building & Planning, University of South Australia. 
Pullen S (2007) A Tool for Depicting the Embodied Energy of the Adelaide Urban Environment. Proceedings of 2007 
Australian Institute of Building Surveyors International Transitions Conference. Adelaide. March 2007. 
Rickwood P, Glazebrook G and Searle G. (2008) Urban Structure and Energy – A Review. Urban Policy and 
Research. Vol 26, No 1 pp57-81. March. 
RMIT (2006) Scoping Study into Improving the Environmental Sustainability of Building Materials. Discussion Paper. 
Prepared for the Department of the Environment and Heritage, Commonwealth Government of Australia by the 
Centre for Design at RMIT University, Melbourne. August. 
Rowe D, Balderstone S, Day J and Gard’ner J (2008) Heritage and Sustainability. Policy Note. Technical Advisory 
Committee of the Heritage Council of Victoria.  Accessed on 8th June 2009 at URL: 
http://www.heritage.vic.gov.au/admin/file/content2/c7/sustainability_policy_note.pdf 
Rypkema. D. (2005). Economics, Sustainability and Historic Preservation.  The National Trust Annual Conference. 
Portland, Oregon. October. Available at URL: http://www.preservationnation.org/issues/transportation/additional-
resources/rypkema-speech-sustainability-portland-10012005.pdf  Accesssed 8/06/09. 
Stein R.G. (1979). The Energy Value of our Existing Stock of Buildings: Discussion Paper.  Annals of the New York 
Academy of Sciences. 324 (1), 43–45. 
Stein R.G., Serber D. and Hannon. B. (1976). Energy Use for Building Construction. EDRA Report. Contract EY-76-
S-02-271. Center for Advanced Computation, University of Illinois and Stein & Associates. New York. 
Treloar G (2007) Environmental Assessment Using Both Financial and Physical Quantities. Proceedings of the 41st 
Annual Conference of the Architectural Science Association ANZAScA. Towards solutions for a liveable future: 
progress, practice, performance, people. Deakin University. 14th – 16th November. pp247-255. 
Treloar G, Fay R, Ilozor B and Love P.  (2001) An Analysis of the Embodied Energy of Office Buildings by Height. 
Facilities. Vol 5. No 6. pp204-214. 
Treloar G, Fay R., Love P and Iyer-Raniga U. (2000). Analysing the life-cycle energy of an Australian residential 
building and its householders. Building Research & Information. 28(3),  pp 184-195. 
Treloar G, Love P and Holt G (2001). Using National Input-Output Data for Embodied Energy Anlaysis of Individual 
Residential Buildings. Construction Management and Economics. 19(1), 49-61. 



 

43rd Annual Conference of the Architectural Science Association, ANZAScA 2009, University of Tasmania 

Troy P, Holloway D, Pullen S & Bunker R. (2003) Embodied and Operational Energy Consumption in the City, Urban 
Policy and Research, 21(1). 
Tucker S.N., Salomonsson G.D., Treloar G.J., Macsporran C.M. and Flood, J. (1993). The Environmental Impact of 
Energy Embodied in Construction.  Report prepared for RITE, Kyoto (DBCE DOC 93/39M), CSIRO, Highett. Australia 
Tucker S.N. and Treloar G.J. (1994). Energy Embodied in Construction and Refurbishment of Buildings.  
Proceedings of the First International Conference on Buildings and the Environment. CIB Task Group 8. Building 
Research Establishment, Watford, U.K. May. 
Wang X H and Yang B Z. (2001) Fixed and Sunk Costs Revisited. Journal of Economic Education. Volume 31. No. 2. 
Spring.  
World Bank. (2001).  Cultural Heritage and Development.  A Framework for Action in the Middle East and North 
Africa.  Orientations in Development Series. June. The International Bank for Reconstruction and Development.  
ISBN 0-8213-4938-4.  




