Draft contribution to an encyclopedia of consumer culture

Measuring the environmental impact of consumption
Consumption – including the provision of goods and services for consumption – has a wide variety of impacts on the environment: land is cultivated, energy resources exploited, and toxic substances emitted to water and air. To manage environmental impacts it is necessary to conceptualize and often also to quantify them. Measures of environmental impacts have thus coevolved with the development of environmental regulation, and the number of measures has increased over time.

Energy

In the first decades of environmental regulation the main concerns related to production, while consumption caught little attention. The main exception was the energy issue where the energy crisis in the 1970s called for regulation also of consumer behavior. This called for knowledge about the energy impacts of consumption and raised questions such as: Which parts of consumption are the most energy-consuming? Which groups of consumers use most energy? The energy studies from the 1970s pioneered methods that are still used and further developed.
The most basic question concerns the delimitation of consumption: What should count as consumption? If consumption is considered to be the ultimate aim of production, then all environmental impacts of economic activities should in principle be attributed to consumption. Consumers are not only “responsible” for the environmental impacts associated with the use of products and services in everyday life, but also for the effects associated with the provision of these products and services. In accordance with this perspective, energy studies usually cover both direct and indirect energy consumption. Direct energy consumption occurs when households buy energy carriers such as fuel oil, gas, petrol, and electricity, and use it for heating or cooling their dwellings, cooking, operating appliances, and driving their cars. The indirect energy use occurs in relation to the acquisition of all the goods and services where energy has been spent to provide them. Studies differ with regard to the assessment of the relative size of direct and indirect energy consumption, but in general, the indirect energy consumption is estimated to be just a big as the direct in Western households.
The calculation of the indirect energy consumption is not an easy task. For a specific product a process analysis can describe the whole chain of processes involved in providing the product and the energy use associated with each stage. As this is a very laborious method, which is not useful for macro-oriented studies, energy researchers turned to study household energy consumption on the basis of economic input-output (IO) tables combined with information on energy production measured in physical units (Suh 2009). As this method is fundamental for much other work, the basics are explained in the following.
A typical IO table describes economic flows within a year in a national economy: the total value of the production from each economic sector and the delivery of this production to other economic sectors (as intermediary input) and to final demand. Figure 1 illustrates an input-output table in the simplest form (for simplicity, an economy with no trade is assumed). Z is an n x n matrix showing the flows of inter-industry (or sector) deliveries. The number of production sectors included in the table differ between countries. Often only about 60 sectors are specified, but the most advanced tables are disaggregated into about 350 sectors. A row shows what a given sector delivers to other sectors, while a column shows what a sector receives from other sectors. The F matrix shows the deliveries from the producing sectors to final users, usually split into various categories of private consumption, government expenditure, and investment. Finally, the V matrix shows the deliveries of primary inputs (capital and labor) to the sectors (as the deliveries are measured in money terms, the V matrix represents “value added” which is the same as the earnings of employees and capital owners).

Figure 1. A schematic input-output table 
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In general, statistical offices provide IO tables measured in money terms, implying that the entries combine quantity and price. To use an IO table as the basis for calculations of energy use, it is necessary to add information on the output of the energy producing sectors in physical terms, and this is provided from energy accounts. Combined with various assumptions, the IO table and the related information on energy are turned into a model, where it is possible to calculate the direct and indirect energy intensity of a given sector’s production. It is assumed that the sector produces a homogenous output, and the energy intensity of this output is given by the total amount of energy required to produce the value of 100 euros of the output. The resulting table shows both the direct deliveries of energy necessary to produce the output and the indirect deliveries of energy through the sectors providing other inputs needed for the production. The chain of deliveries is long, but mathematical modeling eases the calculations.
Private consumption is one of the categories of final demand. It is usually divided into a number of subcategories such as food, transport and housing, and in some countries the broad categories are subdivided in more detail – food into meat, vegetables, milk etc. By combining the data on final consumption with the energy intensities of the sectors providing the commodities for final consumption, the energy requirements for household consumption can be calculated.
Other final uses are investments and government expenditure. The energy requirements of investments are thus not attributed to consumption, although it can be argued that the ultimate aim of investments is to contribute to future consumption. A few recent studies attempt to take this into account.

For simplicity, import and export are left out in the explanations above, but foreign trade is included in IO tables and calculations of energy requirements. As data are usually not available on the production technologies and energy requirements related to imported goods, it is necessary to make the restrictive assumption that imported goods are produced in the same way as they would have been, if they had been produced within the country. As more and more countries provide IO tables and energy accounts, this assumption can be replaced by specific information on how the imports have been produced, and some studies have succeeded in including such specific calculations on imports.
At a relatively high level of aggregation, studies based on IO tables can respond to the question regarding which parts of private consumption are the most energy-intensive. Of course, if the categories of direct energy consumption are singled out as separate categories, they come out as the most energy-intensive: if consumers spend 100 euros on petrol or electricity, they use much more energy than if they spend 100 euros on any non-energy category of consumption. From the perspective of the consumer, it is seldom interesting in itself to consume energy: energy is usually a means to provide more meaningful categories of consumption. When the direct energy consumption is allocated between more meaningful categories, the really energy-intensive consumption categories turn out to be food, transport, heating and cooling of the dwelling, and the running of various electric appliances in the household (Journal of Industrial Ecology 9:1-2, 2005).

The data on consumption in IO tables concern the whole national economy, but already in the 1970s the energy study pioneers were also interested in distinguishing between various groups of consumers. This is possible when the data on energy-intensities from IO modeling is combined with family budget data from consumer surveys. Family budget data include household consumption of a large number of commodities as well as data on household characteristics such as the number and age of persons in the households, the level of income, type of accommodation, and geographical location. To combine the two sets of data it is necessary to aggregate the large number of commodities from the consumer surveys into the smaller number of categories in the IO tables. Then the energy-intensities from the IO tables can be used to calculate the energy requirements of various types of households. Studies demonstrate, for instance, that energy requirements grow with increasing income, but less than proportionately (Noorman and Uiterkamp 1998). Another result is that rural households use more energy than urban households, other things being equal. Although these results are robust, there are exceptions due to country-specific circumstances (Lenzen et al. 2006).
Other environmental impacts

The emphasis of environmental policies shifted over time: from the reactive efforts and end-of-pipe approaches to the focus on prevention of waste and emissions through cleaner production technologies, and in the 1990s the emergence of product policies addressing the whole lifecycle of products. Product policies are meant to encourage producers to provide more environmentally friendly products, and consumers are assigned the role of demanding these products. A precondition for such policies, including labeling of products, is a consensus about which products are better than others from an environmental perspective. With regard to energy consumption this was not too difficult, and compulsory energy labeling of electric appliances such as refrigerators was introduced in the EU in 1995. But products have many other environmental impacts through their life-cycle than those related to energy.
During the 1990s life cycle assessment (LCA) was developed as a tool for broad environmental analysis and decision support for the choices of products and technologies (ISO 1997). An LCA assesses the environmental impacts of a product (or product system), accounting for the emissions and resource uses during the production, distribution, use and disposal of the product. Often, it is used to compare different ways of fulfilling a certain aim such as the provision of a functional unit like the washing of 1,000 kg of cotton clothes. A large number of emissions and resource uses are included such as CO2, CH4, N2O, HFC, SO2, NOx, CFC, heavy metals, water use, and land use – just to mention a few. Some emission types and resource uses can be aggregated according to their contribution to particular types of environmental effects. For instance, emissions contributing to global warming are added according to their global warming potential, and similar exercises are carried out for other impact categories like acidification, eutrophication, ozone depletion, and toxic impacts. To compare the environmental impacts of various products it is, however, also necessary to aggregate across impact categories – weighting their relative importance. Various types of weighting are applied, based on, for instance, the distance-to-target approach, social panels weighting or damage cost estimates.
To be useful for regulation the methods and data for carrying out LCAs have to be standardized. The International Standard Organization introduced a first standard in 1997 (ISO 1997), and extensive data bases are available for purchase. United Nations Environment Programme cooperates with scientific societies on further harmonization and dissemination, but a diversity of competing methods is still in use, in particular for the impact assessment phase. Obviously, there are strong business interests in this field, making standardization even more complex than in the field of IO tables which normally are provided by national statistical bureaus. In spite of the difficulties, LCA is used as the basis for environmental labeling such as the European Flower and the Nordic Swan.

Concurrently with the development of LCA at the micro level, the statistical bureaus improved their environmental statistics at the macro level and developed the NAMEA systems – National Accounting Matrices including Environmental Accounts, and more broadly the SEEA accounts – System of integrated Environmental and Economic Accounting (United Nations 2003). They include a further development of the combination of IO tables with energy accounts described above, now including a larger selection of environmental impacts that are related to the economic IO tables through satellite accounts. Several environmental impacts are directly related to the use of energy such as CO2, SO2 and NOx, but other impacts such as water use and the use of non-energy materials with problematic effects are increasingly included. The IO tables with environmental extensions can be used to calculate the environmental impacts related to the spending of 100 euros for various categories of consumer goods, not only in terms of energy-intensities (Joule per 100 euros spent on a given category of consumer goods), but also in terms of other impacts such as the amount of water consumption and the amount of air pollution by hazardous substances. Calculations based on this information illustrate that the relative environmental impact of various categories of consumer goods differ depending on the type of impact considered (Wier et al. 2005).
The IO tables with environmental extensions are now used for improving LCA calculations. A weak point of LCA is the differing degree of completeness which sometimes implies that an incompletely studied product looks better than a more thoroughly investigated one. Systematic linking of process-based LCA and IO analysis in hybrid models contributes to ensuring the same degree of completeness.
The environmentally extended IO tables are still highly aggregated, and they include very few environmental impacts compared to LCA. This has motivated researchers to use information from LCA databases for elaborating on the environmentally extended IO tables (Journal of Industrial Ecology 10:3, 2006). Analyses based on this model confirm the result that the relative environmental impact of various categories of consumer goods differ depending on the type of impact considered. But it is also emphasized that even when a broad list of impact categories are taken into account, the classical result from energy studies is confirmed: transport (by car and airborne), food (meat and dairy, followed by other types of food), and energy use related to the home (heating, cooling, energy-using appliances) are the consumption categories with the largest environmental impacts, larger than corresponding to their share of consumer expenditures.
Indicators

The 1990s saw not only the development of product policies. In the wake of the Brundtland Report and the Rio conference the issue of sustainability came to the fore, including the discussion on the global environmental impacts of consumption in the affluent countries. This raised research questions such as: Does the consumption in a given region develop in a more or less sustainable direction? To which extent does the consumption in a given region give rise to environmental impacts outside the region? While there may be good arguments for including all known important impact categories when decisions are made on products at the micro level, it is less obvious that so many details and complex weighting systems are relevant when it comes to macro-level analyses. For this purpose broad indicators for the totality of environmental impacts are more suitable. An obvious candidate is energy use as energy is basic for the metabolism of human societies, and because many environmental problems are strongly correlated with energy use. In addition to energy, other broad indicators were developed in the 1990s.

One is the ecological footprint which measures the size of the land needed to provide the consumer goods for a group of people, for instance, in a country or a city. Statistics on land use and agricultural productivity are used to calculate how much land is appropriated for the production of various articles of food and timber products, and how much land is covered by buildings and infrastructure. In addition, the footprint takes into account the use of fossil energy by assessing the forest area that would be needed to absorb the related CO2 emissions. This measure has been successful as a very illustrative device for demonstrating the enormous environmental impact of modern lifestyles: three globes would be needed if everybody in the world lived like, e.g., the Canadians.
Another approach is economy-wide material flow accounting. This is an attempt to describe the metabolism of society in a systematic and consistent way where the overall material throughput of a national economy is accounted for and all flows are expressed in tons per year (Eurostat 2001, OECD 2008)). The inputs to the economy are all the domestically extracted materials plus imports, and the outputs are air emissions, waste disposal etc. plus exports. The accounts fulfill the mass balance principle: inputs equal outputs plus stock increases, that is, the material accumulation in society in the form of, for instance, infrastructure (even in countries with already well-developed infrastructure, the yearly material accumulation is assessed to be massive, e.g. 11 tons per person in Denmark (Pedersen 1999)). Some of the materials set in motion by economic processes never enter the economy as priced materials and can be seen as input and output at the same time. This unused extraction (e.g. mining overburden) has a considerable size, but the data are not very reliable. As an extension to the economy-wide material flow accounts and monetary input-output tables, physical input-output tables can be used to describe not only the material flows into and out of the national economy, but also the flows within the economy. This makes it possible to calculate the material requirements related to various categories of consumption – that is, not only the weight of consumer goods, but of all the inputs that went into providing the good. However, so far, physical input-output tables have not been widely applied.
A recent addition to the measures of environmental impacts is water footprints. This is a method to calculate the direct and indirect water requirements related to the provision of goods and services.
In general, measures based on inputs – energy, materials, land use, water – are much easier to understand and more transparent than measures including emissions. Each of the few inputs can be aggregated in one measure – Joule, kg, square meter, liter – while there is an enormous number of emissions measured in many different ways. In many cases the input measures are sufficient as rough indicators of the environmental impacts, preferably in a combination where they complement each other. They are partly overlapping as, for instance, energy use is included in material flow accounting, but they emphasize various aspects.

Analyses based on these broad indicators demonstrate that improvements in environmental efficiencies over time (e.g. falling energy and materials use per 100 euros of consumption) are usually more than counteracted by growing consumption (the so-called rebound effect). In general, consumption has developed in a non-sustainable direction, and consumption in the affluent countries gives rise to considerable environmental impacts in the poorer parts of the world (Weisz 2007).
The measures described here in the context of macro-level assessments are also used for micro-level assessments, for instance, the ecological footprint of a meal, the water footprint of a cup of coffee, the material input per unit of a service like the washing of 1,000 kg of clothes. Such measures can give interesting and thought-provoking information, but as stand-alone measures for micro-level decisions they may be problematic, because they do not capture, for instance, toxic effects.
Most studies focus on the environmental impacts of categories of consumer goods, but the need to take a more activity-based approach is increasingly emphasized, because activities are what make sense to people, and because the way we spend our time is decisive for the environmental impact. The first steps towards measuring the environmental impacts of activities have been taken by linking time use studies, consumer expenditure data and data on energy and material flows (Jalas 2006).
Measuring the environmental impact of consumption is a concern of several research communities within the fields of ecological economics, industrial ecology, life cycle assessment and input-output modeling, and more information can be found in the related journals.
See also Energy consumption; Environmental studies and sustainability; De-materialization; Eco-labeling; Ecological footprints; Consumer expenditure surveys; Time use diaries.
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