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Abstract: In a world where sustainability is becoming a guiding principle, there is a great need for 

engineers with expertise in the areas of heritage conservation and green building design or vice-versa. 

It is hence a crucial step to bridge these two different concepts- Sustainability and Architectural 

Conservation. It is quintessential to realize that conservation is not a single stream of thought that can 

be applied to a building but a multi- faceted approach that needs to be adopted.  

Destruction of the country’s historic resources has impacted the environment by creating more debris 

in landfills and using high levels of energy by destroying sound buildings and levelling trees and 

hillsides. The effects of the automobile and the promotion of sprawling development on green space 

and historic sites are well known.  

This paper examines the important dimension of sustainability, helping us quantify the value of a 

building in terms of energy and hence money saved  rather than subjective values like historic, cultural 

and emotional, making the concept of conservation more palatable and acceptable to both clients and 

developers. Taking a holistic approach towards preservation entails considering the fact about 

embodied energy, life-spans of structures, and design (the flexibility that it offers for adaptive reuse). 

This paper will delve into embodied energy; Embodied energy is the total non-renewable energy that 

goes into the manufacture of a material and plays a large role in the choice of building materials. It is 

an important factor to consider when assessing the life cycle of a building and it relates directly to the 

sustainability of the built environment.  

Keywords: Architectural Conservation, Sustainability, Embodied Energy  

I     Introduction- Sustainable World 

The purpose of this paper is to contribute to the forging of linkages between architectural and urban 

conservation and the broader environmental agenda of sustainability. Cities around the world occupy 

fifty percentage of its land surface, house around fifty to sixty percent of its population, and consume 

nearly seventy five percent of natural resources and discharge of wastes
1
. Among these energy 

sources, a substantial proportion are non-renewable yet reusable materials that are not being recycled 

and becoming a huge part of land fill, toxic wastes polluting land and the oceans too. The city as an 

entity is the biggest challenge of the 21
st
 century and the starting point for a sustainable world. 

2
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Sustainability consists of three components- environmental, social and economic; of these 

environmental takes precedence as it underscores the survival of all living beings on our planet. When 

we usually consider historic cities they consist of two important qualities- primarily, the environmental 

capital that is represented by their buildings and urban infrastructure; and secondarily, the socio-

cultural values that they signify and the role that these perform in defining sense of place, community, 

belonging and social cohesion. 
3
 These socio-cultural values are represented by a continuous time line: 

past, present and future. These are expressed in the architecture, the urban fabric and the socio-

economic organisation of cities.  The physical and societal attributes of historic cities and interwoven 

and cannot be separated. They are intrinsically entwined with environmental issues, tangible and 

intangible cultural heritage. Recognising and acting upon the full range of values inherent in historic 

cities is a core component of the challenge. Besides the two important qualities mentioned above, in 

this paper the important quality of sustainable city through economics will be touched upon. The 

economic side of historic buildings and cities will be expressed through the embodied energy of 

materials and reiterate the point that ‘the greenest building is the one that has already been 

constructed’
4
 and historic preservation is the ultimate recycling. 

II     Functional, Material and Cultural Resource 

What sets apart architecture from other art forms such as painting and sculpture is that buildings exist 

to perform a function, the range and nature of this function depends entirely on the time and place, 

human desires and needs both temporal and spiritual. The underlying principle of functionality is 

invariable- history of architecture is the combination of the history of construction with that of human 

use. Urban conservation or architectural conservation is considered successful when continuity of 

function is established and the principle of minimum intervention to historic fabric- both individual 

buildings as well as historic areas. Minimum intervention is the pulse that is shared both by 

conservation and sustainability.  

Historic buildings and areas represent a non-renewable capital resource-of materials, energy and 

financial investment as well as a cultural one. As early as 1970 the following was written by the editor 

of Architectural Review:’ It is the mark of an immature culture- a demonstration of a childish attitude 



  
Page 3 

 
  

to valuable and historic buildings- to assume that if new accommodation is required…it can only be 

provided by demolishing….and rebuilding on the same site’.
5
 

One of the prime examples of continuing resource value in historic cities is apparent across Central 

and Eastern Europe, where absence of redevelopment policies kept them largely intact throughout the 

socialist period.
6
   

III    Environmental Impacts of Building Demolition 

Every year, approximately 1 billion square feet of buildings are demolished and replaced with new 

construction in the United States.
7
 The Brookings Institution projects that some 82 billion square feet 

of existing space will be demolished and replaced by 2030 – roughly one-quarter of today’s existing 

building stock.
8
 Yet, few studies to date have sought to examine the environmental impacts of razing 

old buildings and erecting new structures in their place. In particular, the climate change implications 

of demolition and new construction, as compared to building renovation and reuse, have not been 

discussed enough or explained. Although awareness about the need to reduce near-term climate 

change impacts is growing, a greater understanding of the potential environmental savings that can be 

offered by reusing existing buildings rather than developing new buildings is still needed. 

An optimum study should compare the environmental impacts of building demolition and new 

construction relative to building renovation and reuse. The study should have three key objectives: 

•To compute and compare the life-cycle environmental impacts of buildings undergoing  rehabilitation 

to those generated by the demolition of existing buildings and their replacement with new 

construction; 

•To determine which stage of a building’s life (i.e. materials production, construction, occupancy) 

contributes most significantly to its environmental impacts, when those impacts occur, and what drives 

those impacts; and 

•To assess the influence of building typology, geography, energy performance, electricity-grid mix, 

and life span on environmental impacts throughout a building’s life cycle. 

For those concerned with climate change and other environmental impacts, reusing an existing 

building and upgrading it to maximum efficiency is almost always the best option regardless of 

building type and climate. Most climate scientists agree that action in the immediate timeframe is 
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crucial to stave off the worst impacts of climate change. Reusing existing buildings can offer an 

important means of avoiding unnecessary carbon outlays and help communities achieve their carbon 

reduction goals in the near term. 

IV      Embodied Energy and Sustainability 

It is estimated that buildings, their construction, operation and disposal, account for over 40% of the 

total energy consumption. The consumption of this energy has implications for the depletion of natural 

resources and for the production of pollution and problems such as global warming and acid rain. The 

total energy consumption that can be attributed to a building throughout its life will depend upon the 

energy consumed for the production of the building materials, construction, operation, maintenance 

and for demolition and disposal or recycling. 
9
 

Buildings not only use energy, it also takes energy to make them. This is 'embodied' energy, which is 

all the energy required to extract, manufacture and transport a building's materials as well as that 

required to assemble and 'finish' it. Following this logic, it is definitely sensible to ‘reuse’ buildings- 

retrofitting an old building will definitely consume astronomically lesser energy than demolishing and 

constructing a new structure and at the same we help carry a chunk of history to posterity. 

Conservation architects will benefit from exploring how embodied energy calculations could be used 

as a more quantitative method of measuring the overall environmental benefits of building renovation 

versus new construction. 

V          What is embodied energy and how is it calculated? 

There are two forms of embodied energy in buildings:  

· Initial embodied energy; and 

· Recurring embodied energy  

The initial embodied energy in buildings represents the non-renewable energy consumed in the 

acquisition of raw materials, their processing, manufacturing, transportation to site, and construction. 

This initial embodied energy has two components: 

Direct energy the energy used to transport building products to the site, and then to construct the 

building; and 
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Indirect energy the energy used to acquire, process, and manufacture the building materials, including 

any transportation related to these activities. 

The recurring embodied energy in buildings represents the non-renewable energy consumed to 

maintain, repair, restore, refurbish or replace materials, components or systems during the life of the 

building.
10

 

Typically, embodied energy is measured as a quantity of non-renewable energy per unit of building 

material, component or system. For example, it may be expressed as mega Joules (MJ) or gigajoules 

(GJ) per unit of weight (kg or tonne) or area (square metre). The process of calculating embodied 

energy is complex and involves numerous sources of data. As a rule of thumb, embodied energy is a 

reasonable indicator of the overall environmental impact of building materials, assemblies or 

systems.
11

 

There are a few caveats for using the regular tabulated data about embodied energy available to 

compare the embodied energy of historic buildings to new ones. First, there is a strong likelihood that 

the overall building figures in the report underestimate the true embodied energy of older buildings.  

This underestimation rises from two principal factors: older builds often had more volume and greater 

amounts of materials. On the volume side of the equation, older buildings often had higher ceilings 

and while discussing materials older buildings used more massive masonry construction. There has 

been hardly any attempt to calculate the embodied energy of construction processes used in the 

original construction period. (Please refer to Table 1 provided at the end) 
12

 

Three different methodologies for measuring the embodied energy in historic buildings were 

developed in Assessing the Energy Conservation Benefits of Historic Preservation. These were 

identified as concept model, the inventory model and the survey model. The Concept Model can be 

characterized as a planning approach, in which various building types are given an embodied energy 

value based on square footage. The Inventory Model requires accurate accounting of the material used 

to construct the building. This is fairly complicated especially as most old buildings lack proper 

records and documentation. The Survey Model is based upon the assumption that most of the 

embodied energy in a building is contained in the bulk of architectural materials. The seven primary 
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materials are wood, paint, asphalt, glass, stone, clay, primary iron and steel and primary nonferrous 

metals. 
13

 

VI   Demolition Energy 

Evaluating the environmental benefits of renovating a building instead of demolishing it to construct a 

new one raises the question of calculating energy of building demolition. (Please refer to Table 2) 

There is also the possibility of dismantling a building for salvage, which would recapture embodied 

energy. It may be difficult to renovate a historic building and both achieve an Energy star rating and 

meet preservation standards. However, it is definitely possible to renovate historic buildings and 

greatly improve their operating efficiency and reduce the cost and energy consumption that would be 

involved in demolition and new construction.
14

  

VII Case Study- Private Residence, Walla Walla, Washington State, U.S.A 

The following case study was compiled by University of Washington graduate students in the 

Department of Architecture as a part of their curriculum exercise and represents an example of a 

variety of historic rehabilitation projects in Washington State 

Built: 1917 

Rehabilitation: 2009 

Architect: Strata Architects 

Contractor: Barber Construction 

Historic Registry: Walla Walla Register of Historic Places, 2009 

Other Registry: 4-Star rating King/Snohomish County Built Green® 

    

 Back of the house with expansion, courtesy 

of Sandra Cannon 

 

Back of the house before expansion, 

courtesy of Sandra Cannon 
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Sustainable Design Strategy 

The primary goals of the renovation were to “preserve, protect, prepare.” The homeowner works for 

the U.S. Department of Energy and has served on Walla Walla’s historic preservation commission.  

Her home shows that homes can be sustainable while maintaining historic character. 

Energy consumption was reduced by improving air-tightness of the building envelope. Blower door 

testing helped to determine placement of insulation. For a five-star Built Green rating, a higher R-

value of wall insulation was needed. This was not done because the existing walls would need to be 

torn out to do so. Improvements included attic insulation, floor and wall insulation, weather stripping, 

and ceiling fans. New wood windows were installed to meet energy requirements, and old windows 

were reused in the unconditioned basement stairwell. The wood frames were not thick enough for 

insulated glass, and storm windows were installed instead. 

Energy: 
15

 

• 18 ENERGY STAR qualified lighting fixtures 

• Calculated energy load reduced from 4 tons to 2 tons  

• Ground source heat system installed 

• Finite energy source changed to renewable source 

• Radiators and radiant heat in floors improve heat delivery 

• increased air-tightness of building envelope 

• Insulation added to attic space 

• Insulation improved in floors and walls 

Nails pulled from siding and 

both materials reused, courtesy 

of Sandra Cannon 

Concrete to be crushed and 

reused as fill for new patio, 

courtesy of Sandra Cannon 
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• Storm windows enhance energy performance 

• Garage (steep south facing sun) pre-wired for future PV panels  

Materials: 

• 97% construction waste diverted from landfill 

• Existing vegetation, including 100 year-old trees, preserved 

• Reused doors, flooring, lumber, and siding 

• Concrete and toilets used as fill for new patio and ramp 

• reused non-code compliant windows for unconditioned basement stairwell 

• Recycled cardboard, metal, plastics, roofing, and unusable lumber 

• donated bathroom sinks with cabinets, carpet and pad, gutters, and other such items 

• Recycled-content products were carpet pad, insulation, paint, roofing, and tile  

VIII   The Shift to the Heritage Approach 

Heritage is the most modern phase of conservation. It is the concept that provides “ the link between 

the preservation of the past for its intrinsic value, and as a resource for the modern community as a 

commercial activity”
16

 It is true that there are conservation architects who consider ‘retrofitting’ or 

adaptive reuse, not true to the principles of architectural conservation.  Heritage is the product of a 

“commodification” process in which selection is central: heritage conservation is creation and not 

preservation of what already exists. Heritage changes overtime in the way it is presented and also in 

the ways in which the public reacts to its presentation. With this there is a tendency to change the pat 

to suit changing requirements; relics can be adapted, copied, interpreted – all of which idealise the 

past. While in many cases, it may not be the optimum solution, it is definitely a go-to solution suitable 

in many urban scenarios, in India or even abroad. 
17

 

In a country like India, there is no shortage of historically relevant buildings, but the question we need 

to ask ourselves is: How many museums or memorials can a city host? In the name of architectural 

preservation, an old historic building is ‘preserved’ and used either a memorial or a museum, which 

begins to collect dust invariably.  

To make conservation financially viable, it is important to treat it from a business angle as well. Since 

heritage cannot logically exist without a consumer, then, in effect, the consumer defines heritage. 
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Then, the perceived problem of authenticity is largely irrelevant in heritage planning, because the 

consumer authenticates the resource.  A building is sustainable if it is able to support its own energy 

needs and does not prove to be a ‘fuel guzzler’. With changing times- redundant buildings should be 

treated in a different light and retrofitted with minimum energy, thereby making it viable both for the 

developers and the city as a whole. The same principle would apply to an entire historic area as well. 

Modern conveniences and amenities do take precedence but the same may be achieved with some 

thoughtful planning from the three important sectors- planners, architects and conservation 

specialists.
18

 

IX   Conclusions 

On the whole, there is a consensus that sustainability and conservation are both compatible and 

complimentary, although there remains a continued lack of balanced, holistic approach to guiding 

development and moving towards sustainability. The absence of social and cultural perspective is 

evident in the conservation and heritage planning literature in which the physical product forms the 

principal focus. Practical problems do arise from the dichotomous relationship between preservation 

for posterity and change and development necessary for keeping heritage places alive and attractive. 

Embodied energy deserves to be another factor in equation of sustainable design, especially for 

historic preservation. The historic built environment resource represents a huge resource that can be 

conserved and made efficient for the 21
st
 century challenge of fossil fuel exhaustion. By combining 

preservation principles and the concept of embodied energy a stronger argument for the environmental 

benefits of building reuse can be made.   This paper has examined the potential between sustainability 

and conservation which may be incorporated in urban planning as well. Four objectives may be 

identified: 1) need for standardisation of quantities like embodied energy suitable to our Indian 

scenario- which will aid conservation architect in creating holistic reports on historic buildings or 

areas. 2) The need to protect our cultural heritage, yet at the same time in manner that provides a 

certain purpose to the community and its inhabitants. 3) the acceptance of change and development to 

ensure continuity 3) quintessential to realize that conservation is not a single stream of thought that 

can be applied to a building but a multi- faceted approach that needs to be adopted. 
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Notes:   The principal data for embodied energy was obtained from the 1967 Census of Manufacturers, 

Volumes 1& 2, produced by the U.S. Dept. of Commerce &Bureau of Census (Washington D.C., 

Government Printing office, 1971.  
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