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Abstract - Sustainable Development (the journey to a sustainable society) is becoming increasingly seen as a critical issue for present and future generations. All business decisions have economic, resource, environmental and social impacts. Decisions are made, and activities are undertaken, which tend to maximise economic and financial benefits but which can also create social and environmental costs.

The Sustainability Assessment Model (SAM) has been developed by BP, working closely with Genesis Oil and Gas Consultants, Inchferry Consulting and the University of Aberdeen, to take account of these externalities and hence assist progress towards Sustainable Development.

The SAM uses 22 performance indicators to measure the full life-cycle social, environmental, economic, and resource usage impacts which arise from the activities of a project, organisation or industry sector. The SAM approach is unique as it monetises all these performance indicators, allowing for comparisons on a like-for-like basis. The impacts can then be combined into a single measure, the Sustainability Assessment Model indicator (SAMi) which reflects the overall contribution to Sustainable Development. The SAM also addresses remediation and restoration options.

The SAM has been used to measure the performance of several UK hydrocarbon developments, as well as assessing trends in the UK oil and gas industry. It has also been used to evaluate energy extraction from an existing landfill, a tree planting scheme and a salmon farm. The SAM is currently being developed by Landcare Research for use on several projects in New Zealand.

This paper will give an overview of the SAM and show how the SAM has been applied to assess the performance of various types of projects. The paper will also indicate how the tool has been used to aid specific design decisions such as development scheme selection or concept selection, as well as assessing the overall holistic Sustainable Development performance of an industry sector
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1. BACKGROUND
All business decisions have economic, resource, environmental and social impacts. Managing the diverse impacts of these decisions is difficult because conventional accounting decision making tools do not usually recognise their existence. Important economic and business decisions can therefore be made without information about the external impacts those decisions will have. It is therefore likely that decisions will be made, and activities will be undertaken, which may well maximise a company’s economic and financial benefits but which may also create social and environmental costs. Indeed, the cumulative effect of these processes can be seen in the economic, resource, environmental and social stresses which society currently experiences. The idea of pursuing Sustainable Development (however defined) has emerged in response to these stresses. The Sustainability Assessment Model (SAM) is one way to take account of externalities and hence move towards Sustainable Development.
2. OVERVIEW OF THE SAM
The SAM was initially developed for use on UK hydrocarbon developments. It has now been used on other types of projects and it is currently being developed for use on several projects in New Zealand.
The SAM usually assesses the performance of a discrete project. The project focus has been specifically adopted because we believe that this gives clearer visibility of the significant contributions to Sustainable Development and thus allows greater control over the resultant impacts (given that most companies organise their activities on a project basis). 

The SAM tracks the Sustainable Development impacts of a project over its full life cycle. In the case of an oil and gas development this starts with exploration drilling, the design of (for example) a drilling and production platform, the construction, installation and commissioning of the platform, the production of oil and gas and the eventual decommissioning of the platform. These parts of an oil and gas development are (usually) directly within the control of the operator. The SAM, however extends the analysis beyond extraction of oil and gas and assesses the external impacts from refining, the manufacture of products and eventual product use. Thus the SAM has the ability to examine cradle-to-grave impacts of the whole project.

The SAM uses 22 performance indicators, as shown in Appendix 1, to measure the full life-cycle social, environmental, economic, and resource usage impacts which arise from the activities of the project. We have organised the indicators under the generic headings of:

· Economic

· Resource Usage

· Environmental

· Social

The SAM approach is unique as it monetises all these performance indicators, allowing for comparisons on a like-for-like basis. The impacts can then be combined into a single measure, the Sustainability Assessment Model indicator (SAMi) which reflects the overall contribution to Sustainable Development. A more detailed explanation of the performance indicators follows.

3. THE SAM PERFORMANCE INDICATORS
The economic impacts are taken as the starting point for the analysis. The sum of these impacts represents the total income generated by the project. For an oil development the total of the impacts is therefore the number of barrels which the field will produce, multiplied by the relevant oil price. The economic indicators are split into CAPEX and OPEX, taxes, dividends, social investment and profit. These impacts are captured within the operator’s accounting systems (that is, internal costs). The remaining impacts identified by the SAM relate to external costs and benefits.
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The resource usage indicators attempt to capture the intrinsic or inherent value of the resources used during the lifetime of the project. These resources include natural consumable resources as well as intellectual capital and infrastructure. The figures for resource use are drawn primarily from the open literature (for example, the figure for the value of oil and gas used is drawn from the UK Environmental Accounts).

The environmental indicators are split into four areas: pollution impacts (eg combusting fossil fuels), nuisance impacts (such as noise, odour and visual impact), footprint and biodiversity impacts (eg around any facilities) and waste impacts. A variety of sources (both the open literature and BP’s own work) were reviewed in order to obtain damage costs for the pollution externalities.

The social impacts fall into three catagories. Firstly, the positive social value arising from the direct and indirect jobs generated from the project is estimated. Subtracted from this value is the associated negative health and safety impacts of the jobs. 
The second category establishes a link between the taxes generated by the project and the social benefits arising from the use of those taxes. The taxes will be spent in different areas (health, education, housing etc.). We have then estimated what social benefit arises from the tax spend in each area. For example, if £100 of tax is spent on education or health, what (on average) is the social benefit arising from that spend. As a result, a series of factors have been estimated based upon published data. The tax spend in each area is then multiplied by the relevant factor to obtain the social benefit.

The final social category requires an estimate of the external benefits arising from the use of the products. For a hydrocarbon development, three primary benefits are generated: mobility (via refined fuel), heating (which is either a direct result of combusting oil based products or comes via the use of oil and gas in power supply) and the oil and gas based products (which include the likes of pharmaceuticals, plastics and other chemicals). 
Once all the indicators have been established the data can be combined to produce a pattern of positive and negative impacts which arise from a project. We term this pattern the SAM ‘signature’. A typical signature for an oil and gas development is shown in Figure 1. In brief, the signature suggests that in order to generate positive social and economic impacts there have been negative resource and environmental impacts. Such a conclusion is perhaps self-evident. The SAM, however, provides an indication of the quantum of those impacts and also where in the life cycle the largest impacts arise.
	
Figure 1 – The SAM Signature (Typical Oil and Gas)

	


A number of points can be made on the basis of Figure 1. First, three indicators dominate. These are the inherent value of the oil and gas in place, the pollution impacts arising from combusting the hydrocarbons (as they are used to provide heating and mobility) and the social benefit arising from product use (which is again heating, mobility and the benefits derived from the oil and gas based products). From an upstream position, therefore, the key determinant of the project performance is the efficiency of the hydrocarbon extraction. A higher recovery factor  will yield a better overall signature using this model. The other large impacts (the pollution impacts of oil and gas and the benefits derived  from  this  product)  are outside  of  the control of  the operator and are heavily dependent on how society uses the products. 

	
Figure 2 – Landfill Project Signature
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The signature provides an elegant presentation of the internal (under economic) and external (under the remaining categories) impacts of an oil and gas development. The Sustainability Assessment Model indicator (SAMi) then combines this data into an overall measure which provides an indication of how a project is contributing to Sustainable Development. In the example used in Figure 1 we get a SAMi of 26.1%. A SAMi of 100% would indicate that a project was “sustainable”, that is, it has no negative Sustainable Development aspects. 
4. USING THE SAM TO EVALUATE PROJECTS
The SAM has been used to assess the performance of a range of oil and gas developments, as well as an energy extraction from an existing landfill project and a tree planting scheme.

The signature for a typical oil and gas project we have already seen in Figure 1 above. Oil projects tend to have higher environmental impacts than gas projects. This is mainly due to the environmental impacts arising from product usage. However oil projects have higher social benefits due to the more valuable products which arise from oil (pharmaceuticals, plastics, etc.). Oil projects generally have higher resource usage due to the lower recovery factors than those achieved by gas projects. 

SAM signatures for two different types of projects are contained in Figure 2 and 3. Figure 2 shows the SAM signature for a project where landfill gas (taken from an existing landfill) is used to generate energy. Figure 3 shows the SAM signature for a Scottish tree planting project undertaken by BP and the Scottish Forest Alliance. In each of these signatures the oil and gas related pattern, of positive economic and social impacts with negative resource and environmental impacts, is altered by the fact that the environmental category of each goes positive. This requires a little more explanation for the landfill gas project.
The landfill gas project assumed that, because the landfill was already in existence, the impact of the project was to change the form of air pollution. Instead of the landfill emitting methane (with its high global warming potential) the project would emit less damaging CO2 when the methane was combusted. The change in the form of pollution, therefore, lead to a net environmental benefit arising.  
At the same time, the SAMi rises to 65.6% to reflect this pattern. While the positive environmental benefit of the landfill project has a significant impact on the SAMi, it is also important to note that other parts of the signature differ from the typical oil and gas signature. In particular, the landfill project generates a greater positive outcome in terms of the jobs generated while at the same time, the value of the products are less important to the signature. 
As is the case when the SAM was applied to gas projects, the products from the landfill solely relate to heating. The high value oil products, primarily pharmaceuticals, are not generated in this project and hence the social benefit of the product, while still there, is not as great as for oil projects. 
The tree planting scheme SAM signature is more predictable and more easily explainable. The environmental benefit of the forest which will eventually grow from the project dominates the signature. This positive impact has two sources: the carbon soaking function of the forest and the improved biodiversity. In addition, it is worth pointing out that although this project has no profit element (unlike the other projects presented here) its economic impact remains positive. That is, the project contributes to society’s economic capital by virtue of the fact that money is spent to plant and maintain the forest.

A summary of the results for the three projects are given in the table below.

	
	Social
	Envir
	Res
	Econ
	SAMi

	
	%
	%
	%
	%
	%

	
	
	
	
	
	

	Oil+Gas
	43.2
	-19.0
	-17.9
	19.9
	26.1

	Landfill
	36.4
	23.9
	-17.2
	22.5
	65.6

	Tree
	2.5
	84.1
	-3.2
	10.2
	93.6


The results show how the SAMi can compare different types of projects. A wide variation in the impacts can be seen and the SAMis vary accordingly.

5. USING THE SAM TO AID DESIGN DECISIONS
The SAM has been used to evaluate the concepts options  for an offshore hydrocarbon development. Three concepts were considered: twin steel jackets, steel FPSO and a concrete substructure. The results were as follows:
	
	Social
	Envir
	Res
	Econ
	SAMi

	
	%
	%
	%
	%
	%

	
	
	
	
	
	

	S Jacket
	42.9
	-21.1
	-16.6
	19.4
	24.6

	S FPSO
	42.1
	-20.9
	-18.0
	19.0
	22.2

	Concrete
	43.0
	-21.0
	-16.7
	19.3
	24.6

	
Figure 3 – Tree Planting Scheme Signature
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Highlighted from the above is the lower economic contribution from the FPSO Concept. This is a consequence of the lower production and reserves delivery as a result of subsea production wells. Correspondingly the environmental damage from the FPSO is lower since there are less CO2 emissions from the product and also there is a smaller decommissioning impact than the other concepts.

The concrete substructure concept shows a higher social benefit due to increased jobs during the construction phase of the development. The steel concept shows the highest economic indicator since this concept is the most commercial attractive having the highest net present value.

There are many other findings which can be drawn when the 22 contributing factors are interrogated. Further sensitivities can be evaluated by analysing differing signatures, for example with the product impact removed, or by changing the constants utilised with the SAM. 

At a design level many of the findings are intuitive, however, the benefit of the SAM model is two fold. Firstly, it provides a consistent basis for assessing options and trade offs on a quantitative basis which hitherto have been conducted on a more qualitative/emotive basis. Secondly it influences the Design Team behaviours and the challenge process which aids delivery of a concept which is more sustainable.
6. USING THE SAM TO ASSESS THE PERFORMANCE OF AN INDUSTRY SECTOR
At the request of the UK Government’s Department of Trade and Industry we have evaluated the performance of the UK oil and gas industry for the years 1999, 2000 and 2001. The overall results are shown in the graph below which show how the SAMi varied over the three year period.
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The breakdown of the impact categories are given in the table below:

	
	Social
	Env
	Res
	Econ
	SAMi

	
	%
	%
	%
	%
	%

	
	
	
	
	
	

	1999
	53.2
	-23.5
	-8.2
	15.1
	36.5

	2000
	50.5
	-21.1
	-7.5
	20.9
	42.8

	2001
	50.9
	-20.8
	-7.4
	21.0
	43.7


To give an indication of the size of the annual impacts arising from the industry we estimate that the social impacts are about £61 billion per year, the environmental impacts are about £26 billion per year, the impacts of resource usage are about £9 billion per year and the economic impacts are about £22 billion per year.

It can be seen that the industry performance improved over the three year period. This was primarily driven by the increasing oil and gas prices which increased the positive economic impacts. Other factors which contributed to the improving performance are the extra taxes paid over the years which resulted in increased social benefits, improved recovery factors and some improved environmental performance. It is also important to note that the figures above are in percentage terms. As a result, the percentage changes are primarily driven by changes in the oil price, rather than changes in underlying impacts.

7. CONCLUSIONS
· The SAM provides an indication of the most significant impacts of a project over its full life cycle taking into account positive and negative externalities.

· This data can be graphed to produce a signature of the impacts and can also be turned into an index (the SAMi) which provides a measure of how “sustainable” a project is.

· The SAM is a versatile and relatively easy tool to use which makes visible the significant factors which contribute to Sustainable Development. This visibility leads to an increasing awareness of Sustainable Development issues. This in turn influences behaviours and forces questions to be asked before decisions are made.

· The SAM can be used to aid design decisions, eg development scheme selection, concept selection or decommissioning scheme.

· The SAM can be used to assess project performance and also to allow comparisons between, and therefore ranking of, projects. It is envisaged that the SAM could be used at project sanction as a key indicator of the acceptability of the project.

· The SAM can be used to assess the performance trends of industry sectors.

· The SAM could be used to assist the direction of, both short term and long term, company strategies.

· Although the SAM has, so far, only been applied to activities in the UK, it is suitable for use worldwide. It is currently being developed for use on projects in New Zealand.
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APPENDIX 1. THE SAM IMPACT CATEGORIES
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