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· The views expressed in these background papers are the views of the individual concerned, and do not necessarily reflect the views of their employers.

· These papers are intended as a thought starter, asking key questions; they are not a comprehensive review of the issue.

7. Substance Flow Analysis and Material Flow Accounts:

Cheri Peele 
Washington State Department of Ecology

Definition and importance
Decision makers in public policy and business have long relied on well-established systems to measure and track economic activity as fundamental to the decision making process. However, standard economic indicators provide incomplete information on the environmental consequences or implications of an economic activity. To complement economic data, systems that measure and track the physical movement of chemicals and other materials through the economy are receiving increased attention as tools for informing decisions.

Substance flow analysis is a tool for tracking the movement of substances, including chemical elements, compounds, or groups of related compounds, into and out of an economic system. Substance flow analysis is one of a number of analytical approaches based on material flow accounting. Material flow accounting refers to an accounting system for materials, expressed in physical units (tons, kilograms, etc.), describing the materials’ extraction, production, transformation, consumption, recycling, and disposal as waste or emissions to air or water. “Materials” is defined more broadly than “substances,” ranging from timber and fuel to metals and agricultural products. Material flow accounting studies are defined for periods of time (fixed time period, consecutive fixed time periods) and can be carried out on different levels, from international, national and regional scales, down to the community or company level. Flows are analyzed with the assumption that a mass balance exists for the material into and out of the economic system.

Material flow accounts are in many ways similar to financial accounts. Financial accounts include such information as the balance between revenue and expenses, cash flow, reserves, and competitive financial position. National and international agreements define the terms used in financial reports, the procedures for reporting, provisions for auditing, and so forth. As with financial accounts, material flow accounts include inputs, outputs, and accumulations in stocks of materials (NAS, 2004). 

National standards for materials flow accounts do not currently exist in the US, though World Resources Institute (WRI) developed a prototype national material flow database in 2000 (Matthews, 2000). Eurostat, the statistical office of the European Communities, published a methodological guide for materials flow accounts in 2001; many European Union countries, as well as Japan, have established national material flow accounts (EEA, 2005). The Organization for Economic Development and Cooperation is in the process of developing a common framework and guidance document to assist countries in implementing and using material flow accounts and related indicators, expected to be completed by 2007 (OECD, 2004).
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For the US prototype, WRI characterized material flows by quantity, as well as by mode of first release, quality, and velocity. “Mode of first release” describes whether the substance or material initially returns to the environment in the form of a solid, liquid, or gas. Once in the environment, the substance or material may undergo further changes, for example, becoming a gas from a liquid, but those are generally beyond the scope of a flow analysis. “Quality” refers to the physical and chemical characteristics of the substance or material, for example, whether it is biodegradable, chemically active, or persistent. “Velocity through the economy” refers to how long the substance or material remains in the economy before being dispersed to the environment. Substances or material that remain in the economy longer than a defined duration, for example, 30 years, are considered to accumulate in the economy as stock (Matthews, 2000). 

Once established, national material flow accounts may be used for many applications. Of particular relevance to sustainable chemical policy, they may be used as the basis for substance flow analysis. It should be noted that most national material flow account systems developed to date treat the economy as a “black box”. That is, materials are measured at the point where they are extracted from the environment and enter the economic system and when they are returned to the environment from the economic system as waste. Their movement through the economic system is not tracked. While this level of information is useful for many purposes, it does not provide the detail required to answer questions that may be of interest with regard to specific substances. The prototype developed for the US by WRI begins to disaggregate information on the movement of substances and other materials through the economy through a standard format for entering data on materials and individual substances (Irwin, 2004).

Even in the absence of a system for national material flow accounts, substance flow analyses may be developed on an individual basis. For example, in 2001, the Minnesota Pollution Control Agency developed a substance flow analysis for mercury in products in Minnesota to evaluate and guide the state’s mercury reduction efforts (Barr, 2001). The same year, New York Academy of Sciences developed a substance flow analysis for mercury in the Hudson – Raritan Basin to recommend measures for reducing mercury contamination in the New York – New Jersey Harbor (Themelis and Gregory, 2001).

Denmark has developed a number of national substance flow analyses and has defined basic components:

· International market and trends in consumption at an overview level (used as background information)

· Production, import/export, and processing of raw materials and semi-manufactured goods

· Application and consumption of finished goods by use areas in a defined geographic area, including a short description of trends in consumption

· Emissions and losses to air, soil, wastewater, solid waste, and hazardous waste for manufacturing processes and use of finished goods, defined by use 

· Quantity disposed into waste treatment systems and emissions from those systems

· Consumption and emissions resulting from the presence of the substance as a trace element or contaminant in fossil fuels, wood, cement, fertilizers, etc. 

Substance flow analyses may also be expanded to provide more extensive information. Denmark has identified a number of optional components for an expanded substance flow analysis: 

· Detailed analysis of the international market and trends in consumption

· Qualitative description of human exposure through the use and disposal of finished products

· Scenarios for future emissions and loss of the substance

· Occurrence and fate of the substance in the environment

· National and international regulation of the use of the substance

· Assessments of substitutes

· Recycling, downcycling, and material deterioration (Hansen and Larsen, 2003)
Role of Substance Flow Analysis and Material Flow Accounts in a Sustainable Chemicals Policy

In 2004, the National Research Council (NRC) recommended the establishment of a structured material flows accounting framework for the US that can accept and integrate existing and future data to be established. The NRC identified a range of benefits that would come from a formal economy-wide materials flow accounting system:

· Federal and state agencies would gain better information on the sources and uses of mineral and renewable resources. 

· Corporations would have better information on current and potential supplies of the materials they use, on potential positive and negative environmental impacts of the materials, and on substitutes they could use to supplant undesirable materials in systems and processes.

· Users of material accounts would be able to track sources, flows and dispositions of materials to determine more effective strategies for improving environmental and economic performances as well as efficient use of resources.

· National security strategists would have better data on sources of materials critical to the US economy and national security (NRC, 2004).

More narrowly, an substance flow analysis for a particular substance or group of substances may be developed for many reasons. 

· To provide a common understanding of the flows of the substance, including emissions and waste generation, to all stakeholders in the substance management process: government, industry, purchasers, NGOs, consumers, etc.

· To ensure that regulatory actions directly address the main sources of emissions and wastes of the substance

· To monitor the effect of regulatory actions on consumption, emission, and waste generation

· To identify opportunities for new applications and identify the need for further studies and regulation

· To provide input to economic assessments regarding the cost of substituting new substances, economic consequences of new regulation, and consequences of environmental taxes and fees

· To provide information for reporting on releases of hazardous substances, in particular from diffuse sources 

· To provide background information for regulatory actions to reduce hazardous substances in waste products 

· To provide information on substances in waste use for development of life-cycle-based waste indicators (Hansen and Larsen, 2003)

Mechanisms and Tools 

In the United States, a number of federal agencies, including the US Geological Survey, the Environmental Protection Agency, the Department of Energy and the Department of Agriculture, collect material flow data relevant to organizational mission and responsibilities. The data is not coordinated or integrated for analysis or public policy, but it could be used to begin national material flow accounts (NRC, 2005).

In 2000, primarily using federal data sources, WRI developed a prototype database for the United States with time series data from 1975 to 2000, on the outputs of 460 flows of materials. The database documents output quantities at the extraction, processing, manufacturing, apparent use, and post-use stages of the material cycle. “Apparent use” is defined as the domestic production of a particular commodity, plus imports and recycled quantities, minus exports. The overall output flows from the industrial economy were, for the most part, derived from data on the inputs and apparent use for each discrete material flow stream. (Matthews, 2000, p. 116) 

In Denmark, substance flow analyses often rely on private companies and trade organizations for critical data on imports and exports, production processes, and industrial emissions. Specific references are only provided for purely technical information, and sources for information on turnover and production processes are often kept confidential. In recent years, Danish trade organizations have been increasingly involved in the data-gathering process, helping maintain confidentiality between the businesses involved and the researchers. (Hansen and Lassen, 2003)

Further discussion is needed on if and how material flow accounts would be constructed and how, though substance flow analysis or other types of analysis, they would be interpreted and used. If these issues are resolved, substance flow analysis and material flow accounts, could become powerful tools for decision makers in both the public and private sectors for a variety of purposes. 

Questions:

· Should a system of accounting be institutionalized to enable the development of international, national, or regional material flow analysis or substance flow analysis? What organizations should be in charge of such efforts?

· Material flow accounts are an information tool with many potential uses and users. What should the goal(s) of creating such accounts be with regard to chemical policy?

· What organizations should be responsible for collecting data to provide the basis for substance flow analysis?

· How should issues of confidentiality with regard to proprietary processes and products be addressed?

· What types of data would be most difficult to accurately collect?

· What type of analysis should be performed using the data collected? For what purpose(s)? By what organizations?
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