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INTRODUCTION

While corporations around the globe increasingly express concerns about sustainability, there is considerable diversity in the manner and extent in which sustainability issues are embedded in corporate strategy.  This paper presents some basic definitions of sustainability and their implications for corporate approaches to sustainability strategy.  The business case for sustainability is a widely acknowledged driver for corporate sustainability strategy and corporate social responsibility (CAMAC, 2006, pp. 40-52; CPA Australia, 2005, p. 6; Dyllick and Hockerts, 2002; Parker, 2002, pp. 63-8).  It is argued that both the concept of sustainability adopted by the corporation and the drivers motivating corporate response have implications for corporate sustainability strategy.

While business is increasingly becoming a major player in the quest for sustainability (Dyllick and Hockerts, 2002, p. 131), corporate sustainability will not, by itself, achieve a sustainable society as the individual choices of consumers also affect market outcomes.  An essential, but not sufficient, condition for the effective implementation of both corporate sustainability strategy, and sustainability-based consumption, is the provision of reliable information that is relevant to sustainability-based decision making.  Additionally, any significant shift towards a more fully sustainable society will involve complex interplay of markets and public policy settings.

A critical issue in determining the relevance of information to decision makers is the appropriateness of the level of aggregation.  Most sustainability reporting, such as triple bottom line (TBL) reporting, is aggregated at the entity level, a high-level of aggregation that is useful in many decision contexts.  However, information aggregated at the product level may be more appropriate in certain external and internal decision contexts.  For example, information aggregated at the product level is relevant to product-related decisions by management and the assessment of sustainability-oriented competitive advantage.  This may be supported by sustainability information disaggregated at each stage of the production process to facilitate the identification of problems and decision making by managers of each process.  Moreover, for stakeholders who are consumers of end products, aggregation at the level of the products or services provided by an entity can provide useful input to purchasing decisions.  

Within the broad range of methods incorporating economic, ecological, social and political tasks, collectively referred to as life-cycle analysis (Schaltegger and Burritt, 2000, p. 243), Pflieger et al. (2005) develop a theoretical model, henceforth referred to as life-cycle analysis (LCA), for capturing sustainability measures, integrating economic, environmental and social aspects of activities from raw material extraction through production processes and use to end-of-life recycling, disaggregated at the product level.  This study illustrates, in the context of an airline, how LCA could potentially be applied in practice by integrating traditional management accounting techniques and structures with ecological and social accounting systems to produce more comprehensiveness and decision utility for both internal and external stakeholders.  While comprehensive life-cycle analysis is discussed, in the interests of brevity the illustration is of a streamlined LCA incorporating a matrix approach.  Equally significantly, the illustration identifies the types of difficulties that might be encountered in identifying and treating relationships, including multi-period environmental and social effects and the limitations of transparency where activities take place outside the boundary of corporate control.

The next section discusses concepts of sustainability and the varying approaches to sustainability reflected in corporate strategy, leading to a discussion of information needs of decision makers in the third section.  The fourth section discusses the role of product-oriented sustainability information in facilitating market transactions that reflect sustainability considerations.  This is followed by a discussion of approaches to LCA, illustrating the potential integration of conventional management accounting techniques and structures with ecological and social accounting systems, identifying challenges including the need for high levels of transparency throughout the supply chain.  Concluding remarks are provided in the final section.
CONCEPTS OF SUSTAINABILITY AND CORPORATE SUSTAINABILITY STRATEGY

The development of corporate strategy for addressing sustainability issues reflects the concept of sustainability adopted by the entity.  The concept of sustainability employed in the Brundtland Report
 definition of sustainable development, as that which “meets the needs of the present without compromising the ability of future generations to meet their own needs”, has been adopted and promoted by the World Business Council for Sustainable Development (WBCSD) and the Global Reporting Initiative (GRI). 

Other concepts of sustainable development used in both the public and private sector embrace growth in resources and the quality of life:

“… using, conserving and enhancing the community’s resources so that ecological processes, on which life depends, are maintained, and the total quality of life, now and in the future, can be increased.” definition adopted by the Australian Government, (Department of the Environment and Heritage, 2004/5, p. 61)
and

“Sustainability, however, is a more over-arching concept which seeks to promote continuous long-term growth in all the various forms of capital available to us – financial, natural and social.” Professional Accountants in Business (PAIB) (2006a), p. 1
However, some notions of sustainability adopted in practice focus on stakeholder concerns without making any explicit reference to the needs of future generations, for example, Ports of Auckland (2005, p. 1):

“Ports of Auckland takes a broad view of sustainability, incorporating all aspects of business including financial and operational performance, economic contribution, and environmental, community, and people, health and safety performance.”

Approaches to sustainability can be categorised as weak or strong.  Advocates of weak sustainability accept that a community can deplete natural resources and degrade the natural environment, provided that the loss of natural or ecological capital is offset by the generation of human capital, such as skills and knowledge, or man-made capital, such as buildings and machinery (Schaltegger and Burritt, 2000, pp. 46-7).  Strong sustainability advocates conservation, rejecting the notion of substitutability of natural capital on grounds of non-substitutability, irreversibility, equity and diversity (Beder, 1996; pp. 159-60; Schaltegger and Burritt, p. 47).  (For a discussion of the non-substitutability of natural, social capital and the irreversibility and non-linearity of their depletion, refer to Dyllick and Hockerts, 2002.)  

Schaltegger and Burritt (2000, p. 47) suggest that the weak approach to sustainability has assisted business by providing a justification for the continued use of non-renewable resources.  This is reflected in views on sustainability such as that expressed by, Tony Trahar, CEO of Anglo American plc (PAIB, 2006b, p. 31):

“But we can pass the sustainability test through a trade-off between different types of capital.  Although we are depleting one resource, we are promoting social benefits such as education, healthcare and community development, skills and capacities in our workforce and, often, building physical infrastructure. The key challenge is how to create the tools to show how we are meeting this trade-off.”
Corporate sustainability strategy derives from the concept of, and approach to sustainability adopted by the entity.  For example, BAA’s concept of sustainability is an adaptation of the Brundtland Report definition (BAA, 2005/6, p. 3)
:

“Sustainable development means enabling people around the world to meet their basic needs and enjoy a better quality of life, without compromising the quality of life of future generations.  In the UK, the Government aims to pursue that goal through an integrated approach: achieving a productive economy and a just and healthy society in ways that protect and enhance the environment.” (emphasis added)
The ‘integrated approach’ is interpreted as allowing trade-offs, consistent with the weak approach to sustainability, reflected in the following corporate sustainability strategy (BAA, 2005/6, p. 3):

“We believe that we can contribute to this agenda in a number of ways.  In part, this means maximising the positive benefits of aviation.  This does not mean that aviation can avoid its negative impacts or that growth should be met at any cost.  We have to minimise negative impacts, improving performance where we have direct control and use our influence to lead changes.”
And further,

“In line with Government policy, we aim to make best use of all existing airport runways.  Where we are proposing to expand airport capacity, we undertake full assessments and put in place measures to mitigate impacts.”
The business case is a widely acclaimed driver of corporate sustainability strategy (refer, for example, WBCSD, 2000, 2006).  Unlike the natural and societal cases for sustainability, the business case focuses on how firms can increase their economic sustainability by increasing ecological and social efficiency (Dyllick and Hockerts, 2002, pp. 135-8).  From the perspective of the business case, also referred to as “enlightened self-interest”, sustainability should be pursued by profit seeking corporations as a means of long-term value creation and risk reduction for shareholders.  Long-term value creation and risk reduction may be achieved through various benefits of sustainability-oriented activities, such as:

· more effective and comprehensive management of social and environmental risks; 

· cost-savings achieved through more efficient use of resources and energy;

· reduced fines for breaches of environmental and health and safety regulations;

· attracting, motivating and retaining employees;

· identifying and exploiting new business opportunities and markets and improving market position through competitive advantage; and

· working towards reputation-based competitive advantage.

Objectives of value creation and risk reduction lead to corporate sustainability strategies that centre on reducing negative impacts and increasing positive impacts.  For example, the objective of enhancing shareholder wealth by effecting competitive advantaged may be pursued by strategies to minimise negative impacts and maximise positive impacts, which in turn, may be effected through policies to reduce greenhouse gas emissions and prevent child labour within the entity’s supply chain. 

The most widely adopted corporate strategic response to sustainability is eco-efficiency (Dyllick and Hockerts, 2002, p. 136).  Eco-efficiency is the cross-efficiency between economic efficiency and ecological efficiency, measured as the ratio of economic value added to environmental impact added (Schaltegger and Burritt, 2003, p. 65).  The concept of eco-efficiency has, for some time, been promulgated by the WBCSD and advocated as a corporate strategic response to concerns for sustainability (1993, p. 9):

“Eco-efficiency is reached by the delivery of competitively-priced goods and services that satisfy human needs and bring quality of life, while progressively reducing ecological impacts and resource intensity throughout the life-cycle, to a level at least in line with the Earth’s estimated carrying capacity.”

More recently, since the mid-1990s, social sustainability has regained the attention of academics, pressure groups and business (Dyllick and Hockerts, 2002, p. 134), leading to the inclusion of socio-efficiency strategies in corporate response to sustainability issues.   

Corporate sustainability strategies based on eco-efficiency and socio-efficiency reflect a broad concept of sustainability, encompassing both natural and social capital, and a focus on improvement in terms of reducing negative impacts and increasing positive impacts, consistent with the weak form of sustainability and underlying business-case motivations.  Dyllick and Hockerts (2002) argue that while eco-efficiency and socio-efficiency are valuable tools, they are limited as criteria for sustainability because they focus on increasing resource efficiency relative to economic value.  The authors argue that in order to be truly sustainable, management must address the problems of non-substitutability of natural and social capital, and the non-linearity and irreversibility of its depletion, rendering consideration of absolute thresholds an imperative.  Absolute thresholds, such as conservation of non-renewable resources and social heritage, are consistent with the strong form of sustainability and would be more likely to emerge from the natural or social case for sustainability than the business case. 

Whether corporate responsibility for contribution to a sustainable society extends beyond the business case necessarily enters into the domain of political theory and potentially subjective views of the legitimate exercise of managerial power, and is beyond the scope of this discussion.  Nonetheless, monitoring eco-efficiency and socio-efficiency, whether the focal points of corporate sustainability strategy for improvement in ecological and social performance or tools in the context of more ambitious strategies of elimination of negative impacts, is dependent upon the generation and analysis of reliable and relevant information about social and environmental effects.  The implications of the level of aggregation for the utility of sustainability information in the implementation and monitoring of corporate sustainability strategy are considered in the next section.

COMPETITIVE ADVANTAGE AND SUSTAINABILITY INFORMATION NEEDS

Advocates of the business case for sustainability identify numerous economic advantages that an entity might derive from improving its environmental and social performance.  Some benefits, such as improved risk management, necessarily involve information aggregated at various levels; information is aggregated at individual sites for occupational health and safety risk, while the entity as a whole would be a more appropriate level of aggregation for assessing dependence on fossil fuels.  For the purpose of examining the potential utility of product oriented sustainability information, we will focus on the competitive advantage aspect of the business case.

Within the pivotal sustainability dimension of corporate social responsibility, many of the decisions that are being made by managers are no longer one-dimensional issues of either assessing the trade-off between short-term profit sacrifice and future returns or the capacity to shift the burden of incremental costs to customers.  Rather, sustainability itself is increasingly identified as a source of business success and competitive advantage beyond merely enhancing reputation.  While this trend is not universal amongst business, it provides a substantial base upon which future leadership and direction might be developed.

Goldsmith and Samson (2005) find that highly successful companies identified as leaders in sustainable development business practices, whose source of competitive advantage contrasted between the innovative and quality / service / reliability, demonstrated a limited number of key generic strategic orientations (Goldsmith and Samson, p. 8):

“Efficiency referring to the range of sustainable development practices that make a direct or indirect contribution to the company’s financial performance;

and

Market edge describing those practices that contribute to the company’s market opportunities in terms of new markets, market share and profit opportunity.  Research and development, innovation, and supply chain improvements are all examples.”

They provide evidence that as the sustainability orientation becomes deeper aligned and congruent with other facets of strategy, improved adaptability, efficiency and market edge ensue.  This orientation thus forms the basis of both continuous improvement and the identification of novel opportunities.  Of particular relevance to the utility of life-cycle analysis is the inclusion of supply chain improvements within strategies oriented towards competitive advantage, or market edge. 

By having regard to the life cycle of a product from raw material extraction through production processes and use to end-of-life recycling a wider range of effects can be identified and thus coordinated towards, in terms similarly described by Goldsmith and Samson, a continuous improvement process.  Strategies, and ensuing policies, that embrace a life-cycle approach require more comprehensive information about the environmental (and social) effects of production processes, including those that are outside the boundary of corporate control.  In light of increasing pressures to consider supply chains in the policies on sustainability-related issues, supply chain improvements can form a key component of strategies directed toward competitive advantage.  

There are two broad types of competitive advantage: the product-oriented competitive advantage, associated with strategies to seek and exploit new business opportunities and markets, and improve market position of the entity’s products; and reputation-based competitive advantage, associated with strategies to achieve greater market share through enhanced corporate image.  These approaches to sustainability strategy, which may be used in combination, differ in terms of information needs.

At the outset it is reasonable to acknowledge the appeal of adopting a product focus as it is potentially the appropriate level of aggregation in which to assess, measure and manage sustainability type impacts.  Moreover, it is quite reasonable to suggest that this level of aggregation is the most valid means by which there can be capture of the type of product-oriented competitive advantage described by Goldsmith and Samson.  

Sustainability information, adopting a life-cycle approach and disaggregated at the product level, provides useful input to product-related decisions by management in pursuing corporate policies that integrate strategic response to sustainability.  Examples of product-related decisions include the choice of materials as input to the production process, choice of suppliers and choice of methods of transport.  A sustainability perspective might also be adapted to investment decisions.  Manufacturing process and related set-up type decisions are made at a time even prior to the introduction of a product to a market, thus having far-reaching environmental and related consequences potentially embedding into a succession of ‘product life cycles’.  Similarly, as products enter a stage of decline, which depending upon their nature may span many years, the opportunity is presented to critically evaluate the most appropriate basis of renewal – these considerations have perhaps their most obvious application to infrastructure renewal and other significant capital investment decisions.  For example, Boeing Company applied streamlined LCA techniques in a comparison of alternative processes (chromic acid and boric / sulphuric acid anodising) used in building aircraft, incorporating the most significant environmental impacts of process infrastructure, pre-process manufacturing, process under analysis, post-process manufacturing, process termination and products passing through the process for each manufacturing process (Eagan and Weinberg, 1999).  The key conclusion to be drawn is that sustainability-based strategic decision making applies to a multiplicity of dimensions to business activity.

Reporting that focuses on the economic, environmental and social impacts of each product is nonetheless not considered as an alternative to TBL reporting at the entity level, but rather as a supplement to it or as reporting relevant to different users and decision contexts, such as product-related decisions by management.  The focus of most sustainability reporting is thus entity-focused.  This approach is also implicit in frameworks such as the GRI.  Further support for this preference towards an entity focus can be found in Goldsmith and Samson’s observations.  Critical to their view, that increasingly the capacity to do business will be dictated by “the attainment of approval, cooperation and satisfaction of a range of stakeholders” (Goldsmith and Samson, 2005, p. 6), is the manner in which legitimate stakeholder empowerment is achieved.  Stakeholder engagement amongst leading companies, as Goldsmith and Samson see it, has shifted substantially away from transactional relationships, and thus by inference also a declining product orientation, towards stakeholder empowerment which is distinguished from more traditional approaches to stakeholder relations by the “profound degree to which power and influence become shared between the two parties: business and each stakeholder” (Goldsmith and Samson, 2005, p. 7).  In the context of corporate sustainability strategy, TBL reporting and other forms of social and environmental information aggregated at the entity level are relevant for the implementation and monitoring of strategies targeted toward reputation-based competitive advantage.

Unlike entity-based reporting which is designed to provide continuous assessment, LCA is typically undertaken as single ecological investigation of a product, e.g., before the product is approved, or for comparative assessment (Schaltegger and Burritt, 2000, p. 245).  Product-based assessment nonetheless presents a worthwhile adjunct to a more widely accepted corporate perspective on describing the non-financial dimensions of business, and moreover as indicated, provides a potentially useful starting point of disaggregation.  The LCA technique suggested by Pflieger et al. (2005) serves as a potentially useful adjunct or framework of analysis complementary to more standard methods of strategic-decision assessment, such as net-present-value, used by management.  
THE ROLE OF SUSTAINABILITY INFORMATION IN MARKET TRANSACTIONS

To the extent that sustainable developments are driven through market transactions, both corporate sustainability and its contribution to a sustainable society are impacted by the choices of consumers of end products.  As observed by Dyllick and Hockerts (2002, p. 137), the production of eco-efficient products and services is not sufficient to maintain natural capital because efficiency gains are frequently undone by consumer choice.  The authors note the declining fuel efficiency gains in the automobile industry in recent years due to the growing demand for less fuel-efficient sport utility vehicles.  Consumer choice may constrain the effectiveness of corporate sustainability strategy in achieving competitive advantage in the short term.  For example, Mark Lewis, Controller for Product Development, Ford Motor Company, observes (PAIB, 2006b, p. 21):

“In particular, vehicles that are more fuel efficient often tend to be less profitable on a traditional basis, so extra care is needed in evaluating the business viability of product proposals. … Finally, with the growing demand for automobiles that is occurring in the Asia-Pacific region, sustainability is taking on major significance in policy setting, particularly in China.  Therefore, it is critical to develop a viable business structure that can allow the company to make a reasonable return in vehicle segments that have traditionally been ‘low profit’.”
Information incorporating the environmental and social effects over the product life cycle is necessary to enable decision making by stakeholders who are users of end products to reflect sustainability considerations.  A life-cycle approach is advocated because it facilitates consideration of a more comprehensive range of effects.  This more comprehensive approach is robust to alternative levels of vertical integration whereas the scope of social and environmental reporting that is structured along corporate control boundaries may be tempered by control structures and policies on outsourcing.  However, consumers are not necessarily the most representative stakeholder group reflected in external sustainability reporting frameworks, such as the GRI, which tend to emphasise entity-level reporting over a product-oriented life-cycle approach.  Moreover, a trend amongst both policy regulators and consumers to demand product related sustainability information is identified by Pflieger et al. (2005) who suggest thus that developments in data accumulation techniques around products in the terms described, may drive both internal and external communications.  Not surprisingly then, LCA has its origins in consumer product applications, as noted by Boeing (2007).
  
Thus, by introducing the notion of measurable indirect economic, social and environmental impacts throughout the supply chain, the externalities of economic activity can be better recognised, enabling greater transparency in product information, which in turn, facilitates more comprehensive sustainability assessment in decision making by users of end products.  Ultimately, sustainability information at the product level provides capacity for sustainable operations to be driven by market transactions.  As such, perhaps one of the approaches of greater utility is LCA, which is described and illustrated in the following section.

LIFE-CYCLE ANALYSIS

This section commences with a description of the theoretical model of LCA proposed by Pflieger et al. (2005), followed by an illustration of how it might be applied, integrating traditional management accounting techniques and structures with ecological and social information systems, in the context of selected operations of an airline.  This section concludes with a discussion of the practical challenges in implementing LCA techniques.   

The key elements of the LCA framework expounded by Pflieger et al. (2005) are the product focus as the appropriate level of aggregation, the inclusion of impacts throughout the product life cycle and the type of impacts addressed, economic, environmental and social.  Before conducting LCA it is necessary to consider the product or service being compared (AT&T 2005).  Accordingly, the relevant product or function should be considered in light of the decision-making purpose for which the LCA is undertaken.  In this illustration the product being compared is a flight service; each scheduled flight service may be considered as a separate product.  Management may require information for decisions about specific flight services, such as whether to operate the flight service, or whether to use a Boeing 747 or a Boeing 767.  Some decisions may be made in relation to groups of products, such as whether to continue air services to a particular destination.  However, a different object of comparison may be relevant to airline customers’ product-related decisions, such as whether to travel by plane or use other forms of transport.  Thus, for external reporting purposes it may be necessary to convert the measures of impacts of a flight service to measures of impacts of conveying a passenger from one location to another.

Alternative ‘boundaries’ of the system can be considered within a product perspective, ranging from a single production step to the life cycle, incorporating product transformation outside boundaries of the company (Schaltegger and Burritt, 2000, p. 237).  The LCA framework acknowledges the product life cycle, including all activities undertaken in the transformation of raw materials into end product, including the treatment of waste, from ‘cradle’ (extraction of materials) to ‘grave’ (landfill) or reincarnation (through recycling or reuse) (AT&T 2005).  Thus LCA extends beyond the immediate physical and ownership and control structures to include both upstream and downstream activities and impacts with those that take place within the boundary of corporate control.  Pflieger et al. (2005, p. 170) refer to all operations occurring at the production site and “therefore” under the control of the entity as direct activities, and operations occurring beyond the site as indirect activities.  

The more vertically based perspective on product LCA is, as noted, conceptualised as encompassing direct and indirect effects.  Some clarification is warranted because the use of ‘direct’ and ‘indirect’ differs from their application in management accounting.  Thus some activities are considered direct because they are controlled (e.g., materials consumed in maintaining aircraft) but their costs would be treated as an indirect cost of providing flight services.   

Pflieger et al. (2005), in their LCA approach to sustainability reporting, suggest the need for a ‘paradigm-shift’ in which there is recognised, and adjusted for, a dichotomy between inventory data, which can be directly measured and thus accumulated, and impact data, which are the consequences of that which is included within the inventory parameter.  They present an example of carbon dioxide emission as a product-derived outcome which can be accumulated under an inventory parameter, and thus, in turn, global warming as an example of a consequential impact.  In these terms because of potential uncertainty around interrelationship and causality
, external communications should contain two streams of reporting; that derived from inventory parameters and that identified at the impact level (Pflieger et al., 2005, p. 171).  Moreover, this more holistic approach to describing and communicating performance negates against the potentially distorting effect of altering the inventory parameters.

This case study is not intended to represent any particular airline, nor is it intended to be comprehensive with respect to the operations and significant environmental and social impacts of airlines.  While LCA attempts to capture all environmental interventions or impact added throughout the life cycle of a product, process or service (Schaltegger and Burritt, 2000, p. 242), it will never be possible to record all impacts because almost every corporate activity influences nature (p. 236).  Accordingly, AT&T developed an approach based on streamlined, LCA matrices
, which has been applied by other entities, including Boeing (refer Eagan and Weinberg, 1999).  The LCA method employed in this case study utilises both social and environmental inventory parameters, as suggested by Pflieger et al. (2005), while adopting a streamlined matrix approach similar to that demonstrated by Eagan and Weinberg (1999).  The matrix approach involves the construction of a matrix of environmental (and social) concerns as one dimension and life-cycle stage as the other, with each element being rated according to the significance of its impact (Schaltegger and Burritt, p. 250).  A streamlined or abridged approach does not consider all impacts in all stages of the life cycle (Eagan and Weinberg, 1999; Schaltegger and Burritt, 2000, pp. 250-1).  
The environmental and social effects of activities of operating flight services selected for this illustration include the four effects / impacts identified as most significant to airlines from a review of airlines’ TBL / sustainability reports available in the GRI Reports Database as at 31 December 2006.  The GRI Database was selected to facilitate corroboration of identified major impacts with reporting of associated performance indicators, as discussed below.  Two labour-related effects, staff training and time lost due to workplace injuries, are also included to facilitate the illustration of how management accounting techniques and structures can be integrated with social information in the application of LCA.  The associated GRI indicators for these two labour- related effects were each reported against by five of the six airlines; the remaining airline, Cathay Pacific Airways Limited, confined its report to environmental performance indicators (Cathay Pacific Airways Limited, 2004).

For each of the six airlines whose reports were included in the Database, the narrative disclosures in the most recent TBL / sustainability report were analysed to determine the major effects / impacts identified by management.  These are listed in the first column of Table 1, followed by the number of airlines for which each item is reported as significant in the second column.  The frequency of reporting by the six airlines against the GRI performance indicator(s) associated with each identified effect / impact provides further evidence of their significance to the industry.  Column three of Table 1 lists the associated GRI performance indicators, using the 2002 version of the GRI Guidelines
, which was current at the time of the airlines’ reports.  The fourth column shows how many of the six airlines reported against each GRI performance indicator listed in the previous column.

Table 1: Major Environmental and Social Effects / Impacts of Airlines

	Major Effect / Impact Reported in Narrative Disclosure
	Number of Airlines
	Associated GRI Performance Indicator
	Number of Airlines

	Impact of aircraft noise and emissions on local community
	5
	EN10 Emissions other than CFC-11 equivalents and greenhouse gases
	6

	
	
	SO1 Impacts of operations on local communities
	5

	Greenhouse gas emissions / global warming
	4
	EN8 Greenhouse gas emissions
	6

	Fuel consumption
	2
	EN1 Total materials used by type (excluding water)
	4

	Waste
	1
	EN11 Total amount of waste by type and method of treatment
	6


For purposes of the illustration, the identification of impacts is confined to inventory parameters, such as carbon dioxide emissions.  The analysis of performance on inventory parameters and translation to ‘core indicators’ of sustainable development, such as contribution to global warming, is beyond the scope of this case study. 

There are numerous activities, such as flying the aircraft, in-flight services and ground services, including baggage handling, passenger handling, waste disposal, engineering and maintenance, finance, marketing and human resource management, which contribute to the airline’s provision of flight services for passengers.  The classification of the effects of each activity as direct or indirect in the context of LCA is based on the presence of control over the activity by the airline.  For example, the operation of the flight is usually controlled by the airline and the economic, environmental and social effects of the flight are classified as direct.  However, some aspects of waste disposal are often performed beyond the site and outside the control of the airline.  The economic, environmental and social effects of waste disposal undertaken by other entities are classified as indirect effects of the airline’s activities.  

A selection of direct and indirect activities involved in the delivery of flights is illustrated in Figure 1.  Ground services appear twice in the diagram because they occur before and after the flight.  Pre-flight ground services include loading passengers and baggage onto the flight, safety checks by maintenance and engineering, and the preparation of food and beverages.  Post-flight ground services include unloading passengers and baggage, cleaning and maintenance of the aircraft.  

This case study commences by analysing selected environmental and social effects of three major direct activities that contribute to the provision of flight services: flying the aircraft; in-flight services; and ground services.  While engineering and maintenance activities form part of ground services, they are considered separately as they typically form a separate responsibility centre.  This is followed by analysis of two indirect activities, building the aircraft and waste disposal.  Each activity is a stage in the life cycle of the flight service.
The matrix is illustrated in Table 2.  The first column lists the selected environmental and social effects (inventory parameters).  The six stages considered in the streamlined LCA are identified in the next six columns. The column for each life-cycle stage is further divided into two columns for the description of the effect and the rank assigned to each inventory parameter in each stage.  This presents a framework for the streamlined LCA matrix; additional columns could be added to quantify the environmental and social effects.  The rankings assigned are contextual and expected to vary between flight services, between airlines and over time with changes in societal expectations and the airline’s environment and social risks.

Figure 1: Selected Activities in Life-Cycle Analysis of Flight Services
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Flying the aircraft: When numerous tasks and operations combine to form a service, the distinction between activities, such as flying the aircraft and ground services, can be, to some extent, arbitrary.  For instance, the use of the push-back tractor to push the aircraft away from the terminal could be considered as part of flying the aircraft or as part of ground services.  It is included in ground services in the matrix developed in this case, reflecting the typical operational structure adopted in the airline industry.  In terms of LCA the classification of an activity as part of the operations of one department or another is of no consequence as the focus is on the accumulated social and environmental effects and impacts of the product throughout its life cycle, rather than on the contributions of various departments.  However, measuring the total environmental and social impacts of certain activities may provide useful input to monitoring performance and discharging accountability, such that the classification of the operation should be aligned with areas of responsibility in the construction of the matrix. The specific operations classified as flying the aircraft include generation of thrust to enable the aircraft to take off, travel to the flight destination and landing, and all operations formed by flight staff, that is, the pilot, co-pilot and, on some aircraft, the flight engineer.  

Selected environmental and social effects of flying the aircraft to the flight destination are listed in Table 2.  Other effects of flying the aircraft include the wear and tear and eventual consumption of the aircraft, giving rise to maintenance activities, replacement of parts and eventual retirement of the aircraft.  Wear and tear is considered in the context of engineering and maintenance, a component of ground services, while the eventual retirement of the aircraft is considered with other downstream waste disposal activities.  The environmental performance data are expressed at the inventory level, consistent with the information generated by an environmental management information system tailored to the provision of product.

Fuel consumption, emissions and the indicators of noise annoyance can be easily measured and traced directly to the flight service.  Similarly, the labour-related effects of flying the aircraft can, to varying degrees, be measured at the product level.  For instance, data for labour practices can be collected and reported for flight crew assigned to the flight.  If flight crew are assigned to multiple flights, effects such as staff training hours should be allocated pro-rata across the various flights, in a similar manner to the allocation of manufacturing overhead to products. 

In-flight services: In-flight services refer to the provision of services to passengers during the flight and include all of the functions performed by the cabin crew.  Some of the inputs to in-flight services are outputs of other activities that form part of the product life cycle of the flight service.  For example, the outputs of catering activities are inputs to in-flight services.  Inputs that represent outputs of another activity are not considered so as to avoid double counting.
  Selected environmental and social effects of in-flight services are identified in Table 2.  Some of the inventory parameters are not applicable at this stage, as indicated by “n/a” in Table 2.
Ground services: Ground services include passenger handling, baggage handling, providing and maintaining facilities for passengers and guests awaiting arrivals and departures at the airport, catering, preparation of the aircraft for flight, and maintenance and engineering.  As illustrated in Figure 1, ground services contribute to the provision of each flight service both before and after the flight.  These activities are combined in the following analysis, consistent with the manner in which ecological and social information systems would typically record and collate the information as part of one responsibility centre.  Table 2 lists descriptions and rankings for selected environmental and social effects of ground services, excluding engineering and maintenance, which are considered separately below.  

Some activities are more readily traced to individual flight services than others. For example, while most of the output of catering activities can be traced to particular flight services, some processes within catering, such as refrigeration, are not easily traced to specific flight services.  Furthermore, while some activities may be readily traceable to a particular flight service, not all of the consequential environmental and social effects of the activity may be readily identified with a particular flight service. For example, hours lost due to injuries resulting from a baggage handling accident may be easily associated with a flight service, while hours lost due to repetitive strain injury are unlikely to be specific to an individual flight service. 

While some environmental and social effects are more easily traced to the final product than others, they are all consequences of operating each flight service.  In applying LCA, environmental and social effects that are not directly traceable to the end product should be allocated to each product using appropriate drivers in a similar manner as economic overhead costs are allocated to products.  For example, the social effects of activities with a high labour component can be allocated based on a measure of labour hours used in the production of each product or service.  

Quantification of social effects, such as the amount of staff training, presents additional complexities when measuring effects at the product level.  In allocating the staff training of ground crew to a flight service it is necessary to consider the amount of training undertaken by ground crew within a specified period of time.  This will vary between staff and employment category, with more training time experienced by employees engaged in apprenticeships.  The accumulated training time may then be allocated to flight services, based on a measure of actual or expected labour hours (or minutes).  For example, if staff employed in cleaning aircraft cabins undertook 1,600 hours of training during the year, and performed 64,000 hours of service, 0.025
 hours of staff training would be allocated to a flight service for every man-hour of cabin cleaning.  This process could then be repeated for other categories of employment.  
Engineering and Maintenance: The operations of the engineering and maintenance departments of an airline include: maintaining, inspecting repairing and testing avionics, such as navigation systems; repairing and testing avionics, such as electrical power systems; overhauling, repairing, modifying and testing components of hydraulic systems, engines, pneumatic systems and landing gear; and the manufacture and repair of aircraft components, such as flight control surfaces and the structural framework of the aircraft.  Selected environmental effects and social effects of engineering and maintenance activities and associated rankings are presented in Table 2.  

The inspection, maintenance, repair, overhaul, modification and testing of the components of the aircraft are ongoing activities over the life of the aircraft; these activities are not readily traceable to individual flight services, although they would ordinarily be easily traced to a particular aircraft.  However, the environmental and social effects of these activities can be allocated to flight services in a manner similar to the allocation of economic effects, such as the allocation of maintenance costs and other ground costs using techniques applied in activity-based costing. 

The allocation of environmental and social effects of engineering and maintenance activities in the application of LCA poses additional complexities where operations performed in one period, such as the overhaul of an engine, pertain to the production of flight services over multiple periods.  When accumulating environmental and social effects of engineering and maintenance activities, it may often be necessary to consider horizons longer than one year.
  For instance, the overhaul of an aircraft engine is scheduled after each cycle of a specified number of engine hours
, irrespective of whether the engine hours are spent on the ground or in flight.  Environmental and social effects of the labour, materials, energy and waste associated with the overhaul can then be allocated based on the actual or expected number of engine hours consumed by each flight service over the period of the overhaul cycle.

Operations that are neither controlled nor significantly influenced by the entity are typically outside the boundary of TBL reports at the entity level.  However, the relevance an upstream and downstream activities to the sustainability assessment of a product is not diminished by the level of vertical integration of the entity.  The inclusion in LCA of the environmental and social effects of upstream and downstream indirect activities in the production of a flight service is illustrated using two activities, building the aircraft and the treatment of waste, shown in Figure 1. 

Building the aircraft: Building the aircraft used in the provision of flight services is an upstream indirect activity.  Ultimately, there are further upstream activities beyond the construction of the aircraft, such as mining for bauxite used in the manufacture of aluminium, which in turn, is used to build the aircraft.  However, for purposes of this illustration the analysis of upstream activities are limited to on-site operations undertaken by the entity building the aircraft.  Selected environmental and social effects of building the aircraft and associated rankings are identified in Table 2.

The ability of the airline to incorporate environmental and social effects of operations undertaken by the entity building the aircraft is dependent upon the level of disclosure in the supply chain.  For instance, consider the measurement of social effects of workplace injuries occurring in building an aircraft.  While the entity building the aircraft may report on workplace injuries, this proportion may vary between product lines, that is, alternative aircraft models.  Various aircraft and aircraft components may be produced by in different environments, which can be differentiated in terms of performance, record keeping and disclosure with regards to workplace safety.  If disclosures are not made at the product level by the aircraft supplier, the airline would face difficulty in determining this inventory parameter for aircraft that form an input, over multiple life cycles, into its various flight service products.
Treatment of waste: Waste is an output of the product cycle that does not form part of the product to the end consumer.  In the case of a service, most materials used will become waste.  Examples of waste generated in the production of a flight service include: cans, bottles, plastics and paper from in-flight meal services; food scraps; human bio-waste; chemicals and oils used in engineering and maintenance and building the aircraft; and non-recyclable plastic.  Waste can be classified by method of disposal, including composting, reuse, recycling, recovery, incineration, use for landfill, deep well injection and on-site storage (GRI, 2006)
.  From a life-cycle perspective, some categories are not mutually exclusive; for example, a reused item may eventually reach the end of its useful life and a different method applied, such as use for landfill or recycling.  

Some methods of treatment of waste require further processing, such as cleaning and heating in the course of recycling, or decontamination and crushing for use in landfill, which vary in terms of environmental and social effects.  The selected environmental and social effects of waste disposal identified in Table 2 encompass a variety of methods of treatment of waste generated throughout the lifecycle of a flight service.

To some extent, waste can be readily traced to the flight service.  For instance, waste produced from in-flight services, such as the provision of meals, may be readily traceable to a flight service.  However, the environmental and social effects of the disposal of the waste, such as energy consumed in a recycling process, are not readily traceable because the waste output from multiple flights is removed and treated in a bulk handling process.  Allocation of environmental and social effects to the flight service should be based on an appropriate cost driver that reflects the relationship between the waste and the environmental and social effects of its disposal.  Typically, this would be the weight or volume of each type of waste generated by each flight service.
The extent to which treatment of waste is a downstream operation of the airline will vary between different types of waste and arrangements for disposal.  For instance, if the airline incinerates quarantined food brought into the terminal by passengers, the activity is direct.  However, where incineration is undertaken by an airport authority that is not controlled by the airline, the activity is classified as indirect.  While distinctions between direct and indirect effects do not alter their relevance to LCA difficulty may be encountered with access to the information comprising the inventory parameters of environmental and social effects of indirect activities.  

Difficulties in management of the environmental and social effects of the treatment of waste may arise where the activity is predominantly beyond the control of the entity.  Environmental and social effects in the product life cycle may thus be dependent on decisions made by service providers, such as waste disposal contractors.  For example, methane gas emitted from decomposing food scraps is considered an environmental cost.  However, if the management of the compost operation chooses to harvest the methane gas, it can be seen as contributing to the environment as a source of energy.  While the decision of whether to recycle or discard waste may be made by the airline, control over the recycling activities may be limited to the collection of items for recycling and the choice of transport provider and recycler.  Further, for some operations, such as the treatment of paper and glass waste at destination airports, the choice of transport provider and recycler may be made by the airport or by local authorities.  However, the decision to operate flights to various destinations is within the control of management and in that context the LCA approach provides input on the sustainability impacts to multi-dimensional decisions at the product level.

Table 2: Streamlined Matrix of Selected Environmental and Social Inventory Parameters of LCA of a Flight Service

	
	Life-Cycle Stage

	Environmental and Social Effect (Inventory) 
	Flying the Aircraft
	In-Flight Services
	Ground Services
(excl. Mtce & Eng.)
	Maintenance and Engineering
	Building the Aircraft
	Waste Disposal

	
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank

	Consumption of fuel 
	Aviation grade kerosene consumed in the preparation for and execution of the flight
	3
	n/a
	
	Fuel consumed by baggage handling, push-back tractor and other vehicles
	5
	Fuel used in engine testing and by other engineering vehicles
	3
	Jet fuel used in testing engines and test-flying aircraft, other fuel used by fork lift trucks 
	1
	Fuel used in transportation of waste
	6

	Greenhouse gas emissions
	CO2 emissions by aircraft engines
	4
	n/a
	
	CO2 emissions from ground power unit, pneumatic ground cart, baggage handling, push-back tractor and other vehicles
	3
	Engine testing, CO2 emissions from push-back tractor, emergency diesel generators, various engineering vehicles
	4
	C02 emissions from combustion engines in fork lift trucks and testing aircraft engines
	3
	CO2 emissions from waste transport and vehicles at landfill dumps, gas heating used in recycling; CH4 methane emissions from landfill dumps, bio-waste processing
	2

	Nitrous oxides (NOx) and 

sulphur oxides (SOx) emissions 
	Emissions generated by aircraft engines 
	5
	n/a
	
	Ground power unit, pneumatic ground cart, baggage handling, push-back tractor, other vehicles, 
	4
	Jet engine testing, push-back tractor, emergency diesel generators,  other engineering vehicles
	5
	Emissions from combustion engines in fork lift trucks and testing engines
	4
	Emissions from gas heating used for recycling, from vehicles used in transport of waste and at landfill dumps
	7


Table 2: Streamlined Matrix of Selected Environmental and Social Inventory Parameters of LCA of a Flight Service (cont.)
	
	Life-Cycle Stage

	Environmental and Social Effect (Inventory) 
	Flying the Aircraft
	In-Flight Services
	Ground Services 
(excl. Mtce & Eng.)
	Maintenance and Engineering
	Building the Aircraft
	Waste Disposal

	
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank
	Description 
	Rank

	Incidence of noise problems affecting local community
	Noise generated by aircraft landing or taking-off outside certain times at airports located near residential areas
	2
	n/a
	
	n/a
	
	Noise generated in testing jet engines
	6
	Noise generated by testing jet engines and test-flying aircraft 
	5
	Noise from trucks and waste processing, such as crushing items for landfill
	5

	Incidence of odour or dust problems affecting local community
	Particles emitted by aircraft
	7
	n/a
	
	n/a
	
	n/a
	
	Chemical odours from operations 
	7
	Dust problems surrounding landfill dumps
	3

	Injuries, days lost
	For flight crew resulting from incidents occurring on the flight service 
	6
	Cabin crew incidents occurring during flight service 
	1
	Injuries and days lost for ground crew from incidents traced or allocated to the flight service 
	1
	Injuries and days lost by engineering & mtce staff from incidents traced or allocated to the flight service 
	1
	Injuries and days lost by employees of the entity building the aircraft 
	2
	Injuries and days lost by employees of the entities undertaking waste treatment
	1

	Staff training in hours
	Training of flight crew, pro-rata for staff on multiple flight services
	1
	Training of cabin crew, pro-rata for staff on multiple flight services
	2
	Training of ground crew 
	2
	Apprenticeship and  staff training programmes in engineering & maintenance
	2
	Apprenticeship  & staff training programmes of entity building the aircraft
	6
	Staff training programmes
	4


In accordance with the cradle-to-grave perspective of LCA, we now turn to the disposal of the aircraft used in the production of a series of flight service life cycles.   When an aircraft reaches the end of its useful life to one airline, it may be sold to another airline.  In the event that a purchaser is not available, the aircraft is ‘mothballed’
 and may be sent to a storage facility, such as the ‘aircraft parking lot’ in the Mojave Desert in the Unites States, a location chosen for its low humidity resulting in minimal corrosion.  Long-term storage requires daily, labour-intensive maintenance.
  

Eventually, the aircraft will be retired and scrapped.  Various reusable items, such as engines, may be removed and sold.  Sometimes, entire planes are purchased for specialised purposes, such as film production.  However, many aircraft may remain in the desert reflecting the high economic costs of disassembling the aircraft, separating component parts and mitigating risk of contamination in preparation for purchase by scrap metal merchants.  While the airline may, in applying its own sustainability principles, prefer a high level of recycling, the decisions made by downstream operators may reflect a greater weighting on economic considerations.  The measurement of the environmental and social effects of downstream recycling may be further complicated by the potential deferral of decisions and actions.  For instance, recycling may occur many years after the airline has ceased to operate the aircraft.  

Commencing with opportunities, much of the information needed to implement LCA is already collected in the ecological and social accounting systems of large enterprises that serve internal and external reporting purposes, such as entity level TBL reports and special-purpose regulatory compliance requirements. The challenge, then, is to integrate this information with conventional accounting structures and techniques to enable management and other stakeholders, such as consumers, to analyse the sustainability dimension at the product level.  Consider, for example, an inventory parameter capturing the proportion of employees represented by trade unions and collective bargaining arrangements.  Measurement of this inventory parameter requires data from the social information system, allocation techniques used in management accounting, and existing internal accounting structures that provide the framework for linking cost drivers, such as labour hours, to end products.  Participation in trade unions and collective bargaining arrangements may vary between flight services due to industry practices and differences in labour laws and regulations in the various countries in which ground crew are employed, either directly by the airline or as part of an indirect activity performed at the destination airport.  For example, Iberia Group (Iberia, Lineas Aéreas de España, S.A.) (2005, p. 287) reports the proportion of union affiliation by employment category: ground staff, 57.48%; pilots, 100%; technical crew, 100%; and flight attendants, 31.2%.  In measuring the inventory parameter for trade union representation for each flight service, trade union participation may be allocated to flight services using a labour-related driver, such as actual or expected labour hours.  This requires identification of the amount of labour contributed to each flight service product by each category of labour resource; this may be readily available from existing activity-based costing structures. 
A point of contrast between the LCA framework and entity-based sustainability reporting frameworks, such as the GRI, lies in the trade-off between relevance and reliability in the treatment of boundary issues.  While the more holistic approach of LCA potentially provides more relevant information, the extension of the system considered beyond the boundaries of the control of the entity may detract from the quality of information collected and analysed, and for this reason a streamlined LCA approach is often applied.  The GRI Guidelines address this issue by advocating the determination of report boundaries based on control, significant influence and significant impact.  A three-tiered reporting approach is recommended, reflecting the practical difficulties of accessing information from entities over which the reporting entity does not exercise control (GRI, 2006) 
:

“At a minimum, the reporting organization should cover the following entities in its report using these approaches:

· Entities over which the organization exercises control should be covered by Indicators of Operational Performance; and

· Entities over which the organization exercises significant influence should be covered by Disclosures on Management Approach

The boundaries for narrative disclosures should include entities over which the organization does not exercise control/significant influence, but which are associated with key challenges for the organization because their impacts are significant.” 
In the preceding illustration, catering services are treated as a direct activity.  However, to the extent that the airline chooses to outsource catering services, the activity would be classified as indirect.  Following the GRI Guidelines, reporting on the environmental and effects of an airline’s catering services, operating performance indicators would be provided to the extent that the catering services are controlled  (direct) while reporting would be confined to narrative disclosure for outsourced (indirect) catering services.  In contrast, in aggregating effects throughout the life cycle, LCA makes no distinction between controlled and outsourced activities other than to classify them as direct or indirect components of the product’s life cycle.  However, in applying a matrix approach, indirect and direct components would appear in different cells of the matrix.  Nonetheless, in practical terms there may be some limitations on access to information about the environmental and social effects of activities beyond the control of the reporting entity.

Clearly the LCA’s suggested development of elongated methods of accounting and related non-financial measurement calls into question the present adequacy of data collection, assimilation and manipulation systems, particularly in the context of outsourcing and upstream and downstream activities.  In light of the increasing reliance on outsourcing (Lajili and Mahoney, 2006), limited access to information is expected to present an ongoing challenge to the application of LCA techniques and, consequently, to impede the informed consideration of social and environmental impacts in product-related decisions.

The ability of the entity to incorporate environmental and social effects of operations beyond the boundaries of corporate control is dependent upon the level of transparency throughout the supply chain; if the disclosures of suppliers are not disaggregated at the product level, the acquiring entity, in turn, faces difficulties in the measurement of inventory parameters for the environmental and social effects of its own products.  Presently, much information from along the supply chain is provided through various forms of publicly available data and software tools that calculate upstream impacts or provide conversion factors to facilitate such calculation, drawing from industry averages or economy-wide data.  For instance, some corporate customers of airline services monitor and report on the greenhouse gas emissions due to air travel.  At present, this upstream impact of corporate travel is calculated by applying conversion factors made available by the Australian Greenhouse Office to the number of kilometres of short-haul, medium-haul and long-haul travel, based on information provided by the entity’s travel agent.  Provision of product-specific information, such as the greenhouse gas emissions due to travel by a passenger on a flight-service, would facilitate strategic product differentiation and provide capacity for sustainability-based preferences to be reflected in market transactions. 
CONCLUDING COMMENTS

Corporate sustainability strategies reflect the concept of sustainability adopted by the entity and the drivers motivating strategic response.  Concepts of sustainability adopted in practice vary in terms of the balance between the needs of the present and future generations.  The breadth of the concept of sustainability adopted determines which types of capital (economic, natural and social) are considered in developing corporate strategy.  The weak form of sustainability acknowledges trade-offs between types of capital in developing corporate strategy while the strong form does not.  Finally, the business case, as a driver of corporate sustainability strategy, confines sustainability strategy within objectives of corporate benefit, through value creation and risk reduction, leading to a focus on eco-efficiency and, depending on the breadth of the concept of sustainability adopted, socio-efficiency.  

Sustainability-based innovative business practices may be a source of enduring competitive advantage, embodied in corporate sustainability strategy driven by a business case approach.  Sustainability reporting at an entity level provides useful information for the evaluation of performance on broader environmental and social dimensions, together with the economic dimension reflected in traditional financial reporting.  Parallel to the development of economic measures at the product level, such as alternative approaches to product costing including full cost or activity-based costing, is the burgeoning product-focused approach to sustainability reporting.  This approach, combined with life-cycle analysis, incorporates the economic, environmental and social impacts of the direct and indirect activities that collectively contribute to the end products delivered to consumers.  Information about the environmental and social impacts at the product level is useful for product-related decisions, such as the continuation of existing product lines and new product developments, in the implementation and monitoring of corporate sustainability strategy.

The integration of ecological and social information systems with conventional accounting techniques and structures in the implementation of LCA is illustrated using a case study of an airline.  Complexities arise when the environmental and social effects are not readily traceable to the end product.  In applying LCA, these effects should be allocated to products using an appropriate driver.  As demonstrated, this can be addressed through intra-period and inter-period allocation, analogous to the allocation of manufacturing overheads in product costing.  
While group structures and outsourcing have implications for boundary definition in entity-focused TBL reporting, the more holistic approach adopted by the LCA includes environmental and social effects in sustainability measures, irrespective of the entity’s level of control over the activity.  A difficulty that may be encountered in the practical application of LCA with respect to indirect activities is the limited access to information contributing to the measurement of inventory parameters of environmental and social effects.  

Further to the limitations on access to information for activities beyond the reach of corporate control, is their potential to impede corporate strategy.  Consideration of product-related decisions, such as outsourcing, based exclusively on financial / economic factors (on which information is available), may have considerable environmental and social consequences that are inconsistent with the entities sustainability objectives.  For instance, the choice of location of operations and the location of outsourced activity may have sustainability implications, with potential adverse reputation effects.  Further, outsourcing decisions that do not fully consider social and environmental implications may result in significant risks to the entity if activities move outside of their control.  For example, an entity that outsources processes that form part of the life cycle of its product may be challenged in the implementation of its own human rights policies and incur reputation loss if the activity is further sub-contracted to a source that employs child labour.  Similarly, while the entity may, in applying its own sustainability principles, prefer a high level of energy efficiency, the decisions made by upstream and downstream operators may reflect a greater weighting on economic considerations.

Information at the product level about the environmental and social effects accumulated throughout the life cycle is relevant to internal and external stakeholders and provides capacity for sustainable operations to be driven through market transactions.  The ability of management and other stakeholders, such as consumers, to analyse the sustainability dimension at the product level is subject to the level of transparency of environmental and social effects throughout the supply chain.
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NOTES

� 	Brundtland, G.H. (chair) (1987), Our Common Future, (referred to as the Brundtland Report) World Commission on Environment and Development, p. 24, � HYPERLINK "http://www.are.admin.ch/are/en/nachhaltig/international_uno/unterseite02330/" ��http://www.are.admin.ch/are/en/nachhaltig/international_uno/unterseite02330/� accessed 23 January 2007.


� 	BAA plc is the corporation formed in conjunction with the privatisation of the British Airports Authority.


� 	� HYPERLINK "http://www.boeing.com/companyoffices/doingbiz/environmental/lcaref.html" ��http://www.boeing.com/companyoffices/doingbiz/environmental/lcaref.html� accessed 10 March 2007.


� 	For instance, in commenting on NOx emissions, Korean Air (2000X, p. 43) noted the absence of conclusive proof from the scientific community of associations between NOx emissions and the depletion of the ozone layer.  


� 	Refer Boeing, � HYPERLINK "http://www.boeing.com/companyoffices/doingbiz/environmental/lcaref.html" ��http://www.boeing.com/companyoffices/doingbiz/environmental/lcaref.html� accessed 10 March 2007.


� 	Global Reporting Initiative, (2002), Sustainability Reporting Guidelines, � HYPERLINK "http://www.globalreporting.org/" �http://www.globalreporting.org/� accessed 15 September 2006.


� 	While all inputs can ultimately be traced further upstream to some basic elements in the measurement of an ecological footprint, in the interests of brevity this will not be pursued in this illustration.


� 	1,600 hours of training/64,000 hours of service


� 	This is not to suggest that inter-period allocation of environmental and social effects of activities in the application of product life cycle analysis is confined to engineering and maintenance activities. 


� 	Additional engine overhauls may be scheduled on inspection after incidents such as bird strikes or the use of power in excess of the normal maximum under emergency conditions, causing potential reduction in the expected life of the engine.


� 	Global Reporting Initiative, (2006), Sustainability Reporting Guidelines G3. � HYPERLINK "http://www.globalreporting.org/ReportingFramework/G3Online/" ��http://www.globalreporting.org/ReportingFramework/G3Online/� Environmental Performance Indicator EN11, accessed 29 January 2007. 


� 	Mothballing the aircraft refers to its preparation for long-term storage including procedures such as covering windows, sealing engines and other openings, and replacement of regular fuels and oils with alternatives containing special preservatives.


� 	Plane Graveyard (video) Discovery Channel - � HYPERLINK "http://www.exn.ca/flight/video/" ��http://www.exn.ca/flight/video/� accessed 29 January 2007.


� 	Global Reporting Initiative, (2006), Sustainability Reporting Guidelines G3. � HYPERLINK "http://www.globalreporting.org/ReportingFramework/G3Online/" ��http://www.globalreporting.org/ReportingFramework/G3Online/� accessed 29 January 2007.
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