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ABSTRACT  

Quantifying the sustainability of buildings is a complex and very challenging task. Three interdependent factors: 
society, economy and environment need to be considered. It requires a systematic assessment of all these three 
factors for the entire life-cycle of the building. Full cost assessment (FCA) is an accounting method that monetises 
direct, indirect and external aspects. Since external aspects are considered, FCA provides a systematic approach 
to monetise the current and future impacts of decisions which may cause environmental and social impacts. The 
oil and gas industry was the first to apply the FCA approach in their decision-making processes. Recently, 
applications of FCA have been expanded to many areas such as energy supply, waste management, chemical 
process, transport system, and urban development. This paper aims to identify the benefits and limitations of FCA 
on the evaluation for the sustainability of buildings. The concept of FCA, the relevant methods available and the 
applicability of FCA to buildings are discussed. 
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1. INTRODUCTION 

The today’s market demands the delivery of more affordable and sustainable buildings globally. However, the 
construction industry is facing many challenges to tackle this issue. The definition of sustainable development (SD) 
by the Brundtland Commission’s Report considers three principal factors: society, economy and environment 
(WECD 1987; Bourdeau 1999). Sustainable construction is an important component and a direct output of 
sustainable development (Bourdeau 1999). Environment, economy and society are primary aspects of sustainable 
construction and public participation embraces this concept ‘along with all their features throughout its life cycle’ 
(Aye & Mirza 2006, p.386). Four principles denotes a notion that sustainability should include future, equity, 
environment and public participation in a wider perspective (Aye & Mirza 2006; Bourdeau 1999). Despite many 
different tools being available for quantifying sustainability in buildings, the lack of consideration given to the impact 
of external aspects is a major concern in the available sustainability assessment tools of buildings (Aye & Mirza 
2006; Xing et al. 2007). Also, inaccuracy or misjudged assessments of sustainability identified in existing valuation 
tools may lead to further investments constrains and/or result in the mispricing of assets (Warren-Myers 2013). 
Therefore, economic appraisals shall provide means to support decision-making by quantifying economic, social 
and environmental values and lifetime benefits with impacts on the economy and society (Smith, Brown & Saunders 
2016). 

1.1 Full cost assessment 

Full cost assessment (FCA) is an accounting method for identifying and quantifying costs of environmental, social 
and economic aspects in a lifecycle perspective (Bebbington 1998, p.7). It was developed to adjust the existing 
prices of goods and services by monetising and incorporating both positive and negative sides of internal and 
external aspects (Jasinski et al., 2015, pp. 1124). The “full cost” terminology was appeared in the oil and gas sector, 
seemingly as an environmental accounting approach to capitalise productive and non-productive expenditures, 
and produce data for predicting future earnings (DuBois 1974, p.1). The social sphere was incorporated into the 
definition of FCA in 1980 (Burchell et al. 1980). However, FCA focused mainly on environmental issues up until 
1990’s (Huizing & Dekker 1992) and faced challenges to meet companies’ interest due to a high level of resources 
required and complexity (Naggar 1975; Buchanan 1982; Antheaume 2004). Since then, environmental impacts 
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has been incorporated into accounting-based information for private decision-making and environmental 
considerations into public decision-making (Milne 1991; Figge & Hahn 2005). Based on accrual accounting 
principles, revenues and expenses are recorded and costs incurred in the past and future costs are annualised. 

FCA has been applied in many sectors for quantifying externalities and their uncertainties in projects and 
organisations (Bebbington et al. 2001; Jasinski, Meredith & Kirwan 2015). The FCA approaches vary in a range 
from narrowed to comprehensive applications, accordingly to its objective (Jasinski et al. 2015). For instance, the 
oil and gas sector, waste management, energy supply, water service, transport, urban development, and 
agriculture has applied FCA approaches to internalise externalities and increase the level of sustainability of 
products and organisations. Externalities or costs bear by external parties are viewed as not accountable costs or 
costs from impacts organisations are not responsible for (Antheaume 2004; Roth & Ambs 2004). Assessing 
external factors provide an opportunity to assess costs at the whole-society level, bringing the real economic effects 
of externalities as well as potential costs and prices changes (Smith et al. 2016; Bebbington et al. 2001). Therefore, 
FCA considers externalities rather than outlays as internal costs (Bebbington et al. 2001). Contingent or intangible 
environmental costs and externalities are accounted in a lifecycle perspective (Smith et al. 2016).  

Environmental impacts can be divided into four categories such as impacts on atmosphere, hydrosphere, 
pedosphere and biosphere. Air pollutants, greenhouse gas emissions, soil depletion, contamination and noise are 
examples of negative environmental externalities which may arise from processes and activities in a lifecycle 
perspective, affecting the human health. Examples of positive economic externalities are higher workforce 
productivity, travel time savings, reduction in mortality and morbidity. Other effects may cause positive or negative 
impacts, for instance, community perception of economic equality, collective sense of uncertainty about the future, 
and standard of living. Social externalities may relate to environmental impacts (Phelan et al. 2017). Some studies 
included human health impacts as social externality (USEPA 2008; Kerr 2004). Many other negative social impacts 
may arise from environmental pollutants such as cancer cases. 

The consideration of the three spheres of sustainable development has been partially included for quantifying 
externalities in project and organisations as the FCA concept, frameworks, methods and tools evolved over the 
time. However, Smith et al. (2016) acknowledged that there is still a lack of clear and established methodology 
approach (Xing et al. 2007; Liu 2014). Also, few studies have focused in quantifying externalities related to buildings 
(Xing et al. 2007; Liu 2014). Therefore, this paper aims to identify the benefits and limitations of FCA for the 
evaluation of sustainable buildings. The concept of FCA, the relevant frameworks available and the applicability of 
FCA to buildings are discussed. 

2. CASE STUDIES 

Twenty one FCA studies were selected from the literature for the identification of available FCA frameworks and 
the applicability of its concepts to buildings. The FCA frameworks found in the selected studies were categorised 
in five approaches as per Antheaume (2004) and Jasinski et al. (2015). The FCA approaches and externalities 
were discussed in this section. Table 1 provides detailed information about the selected case studies. 

2.1 The avoidance and remediation cost control 

The avoidance/remediation cost control approach estimates external aspects by the costs to be incurred, and cost 
which has not been incurred to prevent or avoid its emissions and meet existing or future regulatory standards 
(Bebbington et al. 2001). These case studies were selected for avoidance and remediation cost control through 
the Forum for the Future Framework (FFF). This approach can be utilised as cost control for environmental and 
social external impacts, avoiding damages to the environment and society. Liabilities are measured for the whole 
accounting year and impacts are translated into a sustainable operating income. The FFF utilises cost benefit 
analysis (CBA), sustainable cost calculation (SCC) and SCC combined with multi-attribute accounting are the 
methods available for the avoidance and remediation cost control approach. The Ontario Hydro utilises market 
methods whereas the value of damages applies contingent valuation. 

2.2 Opportunity cost 
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Opportunity cost is a form of capital costs for omitted future returns that would have created benefits by alternative 
investments (Figge & Hahn 2005). The Sustainable Value (SV) concept combines social and financial capitals plus 
natural capital and applies opportunity cost for the evaluation and allocation of future assets (Figge & Hahn 2005). 
In this approach, the companies need to adjust their net profit to further receive a value-added indicator (Jasinski 
et al. 2015). Different from SCC, corporate genuine saving (CGS) is based on abatement costs rather than damage 
costs. 

2.3 Damages cost 

Damages are quantified through mathematical models or on-site measurements for reducing future external 
impacts (Bebbington et al. 2001). Through a multi-criteria analysis, decision-making alternatives are made to 
reduce future damages to the environment and society. For instance, the ExternE project-series focused on 
energy-related external and environmental and social impacts and combined with life cycle assessment (LCA) and 
impact pathway analysis (IPA) to fully quantify sustainability (Bickel & Rainer 2005). This method has certain 
limitations as it mainly focuses on energy-related external and environmental issues (Lai et al. 2014). 

Sustainable Assessment Model (SAM) is the most used approach for the consideration of damages in 
projects/organisations. SAM enables to take a broader assessment, including many aspects of the evaluation 
(Jasinski, Meredith & Kirwan 2015). Despite multi-criteria analysis being used as a decision-making tool, CBA is 
the most applied method for the evaluation of sustainability. CBA has been widely used for assessing social, 
environmental and economic impacts as all the case studies include internal and external aspects. External costs 
are estimated through the monetary value of the damage and willingness to pay (Antheaume 2004). However, the 
use of CBA for FCA does not consider life cycle perspective. Therefore, recent studies have integrated CBA with 
other valuation methods to provide a comprehensive quantification of internal and external aspects. 

2.4 Multiple approaches 

Despite the popularity of FFF and SAM in FCA applications, there is a progress towards the utilisation of integrated 
models/methods. The concept of multiple approaches regards the integration of methodologies, frameworks or 
methods for achieving a comprehensive FCA (Jasinski, Meredith & Kirwan 2015). Multiple approaches adapt with 
the context of its implementation, providing means to tackle specific issues related to externalities. 

Different from the first FCA applications, the recent case studies which utilised multiple approaches considered an 
extended life cycle period of about 30 years. Kerr (2004) utilises Damage Function Approach (DFA) and Value 
Estimated Damage (VED) in industrial processes. Liu (2014) combines Life Cycle Cost (LCC), LCA and Value 
Score (VS) for quantifying sustainability. The principle component analysis/factor analysis (PCA/FA) was utilised 
to identify sustainability index in the transport area (Reisi et al. 2014). Although combining methods provides the 
consideration of a reasonable amount of impacts, some studies acknowledge there are restrictions on quantifying 
a large number of impacts due to the limitation of tools and methods (Reisi et al. 2014; Mutavchi 2012). A novelty 
in the selected FCA case studies is the inclusion of Wider Economic Benefits (WEBs), which can be translated as 
gains to the society. In Australia, many sectors such as transport, communications, energy and water have applied 
full cost-benefit analysis (FCBA) to assist the decision-making process. The consideration of externalities, WEBs 
provides means to quantify indirect social benefits, which are usually not assessed. Lai (2015) applies this concept 
by integrating the traditional CBA and WEBs and, therefore, having a full quantification of positive external aspects. 
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Table 1: Selected case studies 

FCBAs consider elements of agglomeration economies, imperfect competition and economic welfare benefits of 
optimised labour supply (Department of Transport 2012). Such benefits can be transferred to others and therefore 
add an external social and/or environmental value to the project or organisation, according to the type of its 
application. Even though FCBA has been applied in infrastructure and transport projects, this concept is relatively 
new to building constructions. 

3. APPLICABILITY TO BUILDINGS 

FCA provides means to quantify costs of external factors, which are usually not identified or are outside the 
responsibility of companies and/or organisations. Xing et al. (2007) acknowledged current FCA applications 
available for buildings absence in recognising external social and environmental impacts which are not reflected 
by the market. Therefore, there is a clear need of identifying, estimating and allocating potential shadow prices of 
buildings in a life cycle perspective. As most stakeholder easily understands monetary values, an approach for 
increasing the level of sustainability of buildings may be the inclusion of external impacts in monetary terms by 
using an economic appraisal.  

The benefits of FCA for the evaluation of sustainability of buildings are many. The FCA approach allows measuring 
costs which may arise from external factors that are usually not considered. We observed that most the studies 
focused on internalising environmental impacts to, then, reduce, eliminate or avoid the effects of its external 
aspects considering financial aspects, at the same time. Also, some external impacts can be quantified while others 
have limitation to be appropriately monetised due to limited availability of relevant information. 

Few studies have focused on quantifying externalities in buildings considering its entire lifecycle. No evidence of a 
FCBA for conventional or prefabricated houses was found in the literature as this approach has not been applied 
to the residential buildings. Therefore, we propose the utilisation of an integrated SAM by combining the 
quantification of externalities and WEBs. Not only externalities but also WEBs should be considered for FCBA in 
buildings and, therefore, decisions will not be made only based on the cost of the damage or externalities, but also 
by considering indirect benefits. There is a wide range of sustainable indicators which could be used in further FCA 
applications in the building sector. For instance, impacts on atmosphere, hydrosphere, pedosphere and biosphere, 
higher workforce productivity, value of time, human health, wellbeing and reduction in mortality and morbidity. 
Positive and negative impacts of social, economic and environmental externalities need to be carefully identified, 
analysed and quantified or monetised. 

The FCA related to construction and urban development may guide further potential applications in the building 
sector as some externalities may be very challenging to be monetised. Also, the size of the project or organisation 
and objectives needs to establish the boundaries of the application. There is a lack of consideration of full costs 
and benefits to the society in current decision making relevant to buildings. The quantification of social costs and 
benefits must be considered as it may influence significantly the outcomes of the decision. 
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4. CONCLUSION 

Quantifying externalities in buildings requires, firstly, a thorough understanding of effects on economy, environment 
and society in a lifecycle perspective to achieve better sustainability. This paper reviewed 21 FCA case studies 
from literature to identify the benefits and limitations of applying FCA for the evaluation of sustainability of buildings. 
Many different methods/techniques are used for this propose. However, it was observed in recent studies that the 
inclusion of both externalities and benefits of external impacts should be considered. We propose the application 
of an integrated SAM (or FCBA) by inclusion of externalities and WEBs in CBA for quantifying sustainability of 
buildings. Since the integrated application of CBA and WEBs was first applied in other sector, there is a clear need 
of adaptations of its concept to buildings. As further studies, we acknowledged limitations may be found as 
adjustments may be necessary, according to the data availability. We suggest the use of FCA studies in the urban 
development and building sector as a reference and guidance to identify potential external aspects related to its 
context. 
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