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This Paper summarises the Sub Group’s consideration of issues related to the life cycle assessment of metals. The intention is to make regulatory and other agencies aware of the need to recognise the specific characteristics of metals that affect the comparability, trustworthiness and reliability of life cycle studies and their interpretation.

1.  Life Cycle Studies & Sustainable Development
There is increasing demand for methodologies that support, within the economic, social and environmental dimensions of sustainability, the holistic consideration of the multitude of effects (both beneficial and adverse) resulting from today’s consumption patterns of metals. This demand is coming from governments, investors and the general public.

The transition in regulatory approaches from “end of pipe” solutions to the precautionary principle, additional complexities resulting from the need to integrate broader considerations such as global change into decision making, the opportunities presented by the “information age” and numerous other issues require methodologies which reflect the complexity of current concerns.

Life cycle studies, as conducted in the last decades, attempt to identify the complete set of environmental impacts caused by the production, consumption and disposal of products or services. Beyond Life Cycle Assessment (LCA) Material Flow Accounting, Eco-Audits, EuroMat as well as concepts for Industrial Ecology or Material Intensity Analyses are very close to the subject area.

The common element of life cycle approaches is the analysis of processes and their inputs as well as outputs upstream and downstream of the use phase. The overall life cycle encompasses all stages of materials and services from resource extraction to the product or service, its disposal after use and potential recycling paths. Colloquial “cradle to grave” is used to describe the scope for such studies. For systems with recycling loops “cradle to cradle” is a more appropriate terminology. “Cradle to gate” addresses inventories of primary production processes disregarding the use phase.

LCA in general is sufficiently treated in current ISO standards. Table 1 gives an overview on currently available standards.  It is important to understand the relationship between the LCA approach and sustainable development (SD). LCA provides an analytical interpretation of technical inventories. Sustainable Development involves the application of certain principles and values to current operations and procedures.  It also involves monitoring the impact of these operations on the environment, economy and society.  LCA can support SD by delivering indicators of aggregate environmental interventions but it is only one tool among others.

Table 1: ISO standards for LCA.

ISO no.
Title of International Standard / Guideline / Report
Publication Date
Sub-committee

ISO 14040
Environmental management - Life cycle assessment - Principles and framework
June 1997
SC 5/WG 1

ISO 14041
Environmental management - Life cycle assessment - Goal and scope definition and inventory analysis 
October 1998
 SC 5/WG 1

ISO 14042
Environmental management - Life cycle assessment - Life cycle impact assessment 
March 2000
SC 5/WG 4

ISO 14043
Environmental management - Life cycle assessment - Life cycle interpretation
March 2000
SC 5/WG 5

ISO/WD TR 14047
Environmental management - Life cycle assessment - Examples of application of ISO 14042
1999
SC 5

ISO/CD TR 14048
Environmental management - Life cycle assessment - Life cycle assessment data documentation format 
1999
SC 5

ISO/TR 14049
Environmental management - Life cycle assessment - Examples of application of ISO 14041 to goal and scope definition and inventory analysis
March 2000
SC 5/WG 3

Metals & Life Cycle Studies

2. Metals are pervasive and inevitable in today’s society, not least because they are a natural part of our environment. Life cycle studies of metals can help provide a better understanding of the impact the production and use of metals can have on our environment. 

Metal production, trading, use and recycling involves a global network of cradles and graves with the stock market as turntable. Deposit locations, physical / chemical / mechanical properties and recycling potential differ for each metal and together form the unique properties of a metal. This complicates current approaches that attempt to apply similar standards and methodologies to ensure comparability between different metals in life cycle studies.

Furthermore, subjective perceptions and biased perspectives can cause contradictory outcomes for life cycle studies, even when they have been conducted under an ISO framework. 

Dispute endangers the process of developing commonly agreed methodologies able to support scientifically based decision making and suitable for communicating policy targets and strategies. Marketing, once centred around the advantages which a product or service might have for the customer, has discovered environmental or even sustainability issues as selling strategies.  This has led to an inflation and mis-use of these terms and their relevance.  The fact that providers of investment funds are increasingly demanding the application of sound sustainable development principles by the companies and projects that they support means that the issue is not trivial.
A generic life cycle model for one metal is illustrated in Figure 1. Within each of the four iterative phases of an LCA, the level of detail for the single process and the boundary definition for each considered system is crucial for the result. Within the current standards many examples and recommendations are available to assist in this modelling process. However, the NFMSD- Science Working group believes there is still a need for harmonisation, especially regarding the comparability of different LCAs. Currently metals are treated very differently from case to case. Therefore it is desirable to highlight some of those issues, which could also be detected by strictly applying the standards.
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Figure 1: A metals life cycle and the 4 phases of a LCA. [left: Report on the MMSD Life Cycle Assessment Workshop, Mary Stewart, 2001; right: ISO 14040]
In the following a list of key questions is given. These questions might help in setting up a life cycle study and will also help interpret its results. The listed questions supplement the recommendations that are given in the ISO 14040 framework. It is not intended in any case to deal with general LCA problems and deficits but rather to address the specific issues that arise in conducting LCAs of metals.

3. Key questions for metals in LCA

· Metals in Goal & Scope Definition

· How to reflect upstream conditions? Markets mask the upstream origin. (It is not really known whether the copper-wire comes from Ok Tedi or Chuquicamata)

· How to reflect international down stream trading of products, especially for recycling? (Is the recycling of cars exported to eastern Europe as efficient as assumed in a German LCA?)

· How to reflect scrap trading regarding varying qualities? (It is not really known whether recycled metals have been cans or window frames)

· How to define commonly agreed system boundaries for handling sub-process chains? (mass cut-offs are overruled if e.g. ecotoxicity or exergy is of interest)

· Metals in the Inventory Analysis

· How to address recycling in a universally applicable way? Which benefits may be assigned? (recycling potential is not always exhausted) 

· How to address ores of a variety of metals? How to allocate? (there are copper mines which are only operated because they contain gold and lead is increasingly seen as a by-product of zinc mining etc.)

· How to address calorific values in ores? (e.g. Sulphur in Copper ores)

· How to report on more or less unique issues with mining & processing? (large volume wastes, mine water, subsidence, mine closure)

· How to recognise that some metals can have applications that remain in operation for hundreds of years

· Metals in Impact Assessment

· How to portray depletion of minerals on the one hand and the creation of stocks in the technosphere on the other hand?

· How to address land use and its effects (ultra short term - strip mining, ultra long term - waste disposal) 

· How to account for exploration but also post closure activities?

· What are the impacts of Acid Mine Drainage and Acid Rock Drainage and how can they be treated in the impact category framework?

· How to deal with metals as emissions regarding current eco-toxicity and human toxicity issues? Are equivalence factors useful and appropriate? How to address their life support functions in low doses and natural background concentrations?

· Are there metal specific occupational health issues? Which ones must be addressed and how can they be folded into the LCA?

· Other Contentious Issues for metals related to the LCA-perspective

· Metals do contribute to north-south problems. Environmental issues and development perspectives of the south may not be covered sufficiently in the currently available impact categories.

· Metals & mining can have an un-organised structure which has not been addressed within life cycle studies so far (guarimperos – small scale mining in developing countries).

· Some highly efficient recycling systems work only due to poverty and unsustainable living conditions (eg collecting aluminium cans on waste disposal sites).

· Abandoned mine sites and demolished plants may be related to the burdens of presently available secondary resources.

· The risk of tailing dam leakage or dam breaks is still frequent but also not part of systematic life cycle studies. 

· Legal frameworks have a large influence on secondary raw material flows and waste treatment. How to account for benefits, but also disadvantages of this artificial environment?

· Data documentation for metals

The ISO 14048 for LCA-documentation should be interpreted to recommend documentation needs for data to ensure transparency and re-usability. 

· Credibility of outcomes in comparative LCAs

· How to identify reliable and consistent data and sources of information?

· How to define and report on quality and coverage of data (time horizon, technologies, and geography)?

· Who should review scope, data and methodological approaches?

· Stakeholder participation for metals

· What is the role of stakeholder participation given that LCA is meant to be a scientific/technical and rational analysis providing objective data? There is no stakeholder participation in financial accounting - although there may be broader participation in developing accounting standards.

· At what stages of carrying out an LCA study for metals is the participation of stakeholders useful, recommended, or requested? (e.g. in defining scope, collecting and compiling data, setting priorities and cut-off criteria, selecting impact categories, analysing and discussing results)

· How to set up an efficient and trustworthy roundtable of stakeholders?

Many of these listed questions are treated in publications or in active initiatives. The following list contains initiatives, currently known to the Sub Group:

· MMSD-New York Workshop on LCA and SD (August 2001); final report available at http://www.iied.org/mmsd

· Working Group SD-Indicators on minerals and metals (EU DG Enterprises)

· ISO TR 4047 draft: Illustrative examples on how to apply ISO 14042 LCA - LCIA 

· Best Practice LCA 2001 (forthcoming publication of the 6 SETAC Working Groups on LCA) 

· CML-cookbook: LCA – an operational guide to the ISO standards available at http://www.leidenuniv.nl/interfac/cml/lca2/

· UNEP-SETAC Initiative (Globalisation of LCA & LCIA)

· Published cradle to gate studies on metals (CSIRO Australia, BGR Germany)

· Forthcoming LCA & Metals-Workshop on LCA in Canada in spring 2002 (UNEP/SETAC/APEC/ICME/NRCan)

4. Conclusions

It is desirable to develop a commonly agreed framework which aids in conducting repeatable and trustworthy life cycle studies on metals and on products and services that contain or relate to metal production and use.

It is important from the start to emphasise that LCA should cover benefits as well as any adverse effects. LCA does not provide a philosophy about how to make decisions but provides objective data that feed into the decision making process. However, the LCA of one material has to be compared with that of possible substitute materials to obtain a maximum benefit in a decision-making or policy development process.

The results of any harmonisation process for metal specific challenges have to be applicable to all NF-metals and will have to find acceptance for all substitute materials. The universal and flexible character of the LCA-framework which allows the decision specific adaptation of methods should not be restrained. Methodologies and the collection of relevant data should build on the already significant LCA work for different NF-metals. 

A review of relevant studies would serve to identify data needs, data sources, and appropriate methodologies. A review would also help identify the level, nature and source of criticism of past studies and the level of support and  acceptance these studies have received from different stakeholders. 

“Metals in the environment” is a complex research issue. The work of this Sub-Group does not address fate and exposure studies. However, a clear understanding of ecotoxicity and human toxicity must provide the context for the work of the group. Linking risk assessment studies and life cycle analysis should be explored in an overall SD approach. While the two kinds of studies address quite different issues, they each form part of what should be a scientifically based approach to policy development and decision making. 

In order to reach a high level of acceptance and confidence, representatives of the industry (directors of life cycles and those affected by life cycle studies) and practitioners (those who collect data, develop and sell life cycle assessment software & studies and ensure ISO-conformance) should collaborate. NGOs (representing the public’s voice), governments (legislation, decision makers on the macro-level), designers & engineers (those who are responsible for the material decision on micro-level) should be consulted to ensure, that important issues are recognised but also to guarantee a common understanding of the results of an LCA.


































































































































� The Sub Group includes representatives of government, industry and NGOs and is chaired by Christian Bauer of Aachen University of Technology.





