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The System of Environmental and Economic Accounts—
2003 and the Economic Relevance of Physical Flow
Accounting

Ole Gravgard Pedersen and Mark de Haan

KEYWORDS:
environmental accounting, input-output analysis, materials flows
accounting (MFA), National Accounting Matrix including
Environmental Accounts (NAMEA), physical input-output tables
(P1OT), system of national accounts (SNA)

SUMMARY:

The international handbook on integrated environmental and economic
accounting (SEEA-2003) provides a detailed overview of environmental
accounting approaches that have been developed in parallel with the
system of national (economic) accounts. In addition to natural resource
stock accounts and environmental protection expenditure accounts, SEEA-
2003 pays considerable attention to physical flow accounting. Expanding
the national economic accounts with physical data sets facilitates the joint
analysis of environmental and economic policy issues. This article
discusses the main characteristics of national accounts-oriented physical
flow accounting approaches and provides an overview of the kind of
indicators they may put forward. Although this article is not an attempt to
provide a comprehensive review of macro-oriented physical flow
accounting approaches, the analytical advantages of national accounts-
oriented physical flow accounts are illustrated.
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Data Cubes and Matrix Formulae for Convenient
Handling of Physical Flow Data

Erik Lofving, Anders Grimvall, and Viveka Palm

KEYWORDS:
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SUMMARY:

If the technosphere and the biosphere are divided into cells, the presence
and turnover of a substance in a study area can be summarized in a vector
of stocks and a matrix of flows between different pairs of cells. Likewise
the stocks and flows of several substances or materials in one or more
time periods can be summarized in multidimensional data cubes. In this
article, we provide a theoretical framework for handling physical flow data,
and we demonstrate how a set of matrix operations can facilitate
exploratory analysis and quality assessment of such data regardless of the
number of substances, materials, and time periods considered. In
particular, we show how matrices and cubes of flow data can be
recalculated when the collection of cells is modified by joining cells, and
also what information is required to recalculate flows when cells are split.
Furthermore, we illustrate how and under what circumstances substance-
flow data originating from different studies with different collections of cells
can be compared or merged. The generic character of the given formulae
facilitates the development of software for physical flow data.
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Sustainability Constraints as System Boundaries: An
Approach to Making Life-Cycle Management Strategic

Henrik Ny, Jamie P. MacDonald, Gdran Broman, Ryoichi Yamamoto,
and Karl-Henrik Robert

KEYWORDS:

backcasting, life-cycle assessment (LCA), materials management, The
Natural Step (TNS), strategic life-cycle management, sustainable
product development

SUMMARY:

Sustainable management of materials and products requires continuous
evaluation of numerous complex social, ecological, and economic factors. A
number of tools and methods are emerging to support this. One of the
most rigorous is life-cycle assessment (LCA). But LCAs often lack a
sustainability perspective and bring about difficult trade-offs between
specificity and depth, on the one hand, and comprehension and
applicability, on the other. This article applies a framework for strategic
sustainable development (often referred to as The Natural Step (TNS)
framework) based on backcasting from basic principles for sustainability.
The aim is to foster a new general approach to the management of
materials and products, here termed “strategic life-cycle management.”
This includes informing the overall analysis with aspects that are relevant
to a basic perspective on (1) sustainability, and (2) strategy to arrive at
sustainability. The resulting overview is expected to help avoid costly
assessments of flows and practices that are not critical from a
sustainability and/or strategic perspective and to help identify strategic
gaps in knowledge or potential problems that need further assessment.
Early experience indicates that the approach can complement some
existing tools and concepts by informing them from a sustainability
perspective—for example, current product development and LCA tools.
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Success and Its Price: The Institutionalization and
Political Relevance of Industrial Ecology

Maurie J. Cohen and Jeff Howard

KEYWORDS:
environmental policy, ecological modernization, higher education,
industrial ecology, institutionalization, sociology of knowledge

SUMMARY:

As industrial ecology (IE) solidifies conceptually and methodologically, and
as it gains visibility and legitimacy in academia, industry, and government,
it is important that the IE community periodically evaluate the status of its
emerging institutional arrangements. At the same time, industrial
ecologists should assess the political relations developing between the field
and the larger world. We analyze four institutional criteria, professional
legitimacy, viable clientele, entrepreneurial acumen, and occupational
opportunities, as well as a more controversial fifth measure—political
relevance. Drawing a comparison with the field of ecology, we argue that
efforts to foster IE institutionally can, ironically, conflict with the objective
of seeing IE become “the science and engineering of sustainability.” The
article concludes by reflecting on the importance of this kind of critical
appraisal and on why many observers of the field remain hopeful.
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Multilevel Anthropogenic Cycles of Copper and Zinc: A
Comparative Statistical Analysis

Barbara Reck, Marlen Bertram, Daniel B. Miller, and T. E. Graedel

KEYWORDS:
exploratory data analysis, addition to stock, metals, resource use,
substance flow analysis (SFA), waste management

SUMMARY:

Contemporary cycles for copper and zinc are coanalyzed with the tools of
exploratory data analysis. One-year analyses (circa 1994) are performed
at three discrete spatial levels—country (52 countries that comprise
essentially all anthropogenic stocks and flows of the two metals), eight
world regions, and the planet as a whole—and are completed both in
absolute magnitude and in per capita terms. This work constitutes, to our
knowledge, the first multiscale, multilevel analysis of anthropogenic
resources throughout their life cycles. The results demonstrate that (1) A
high degree of correlation exists between country-level copper and
country-level zinc rates of fabrication and manufacturing, entry into use,
net addition to in-use stocks, discard, and landfilling; (2) Regional-level
rates for copper and zinc cycle parameters show the same correlations as
exist at country level; (3) On a per capita basis, countries add to in-use
stock almost 50% more copper than zinc; (4) The predominant discard
streams for copper and zinc at the global level are different for the two
metals, and relative rates of different loss processes differ geographically,
so that resource recovery policies must be designed from metal-specific
and location-specific perspectives; (5)When absolute magnitudes of life-
cycle flows are considered, the standard deviations of the data sets
decrease from country level to regional level for both copper and zinc,
which is not the case for the per capita data sets, where the statistical
properties of the data sets for both metals approach being independent of
spatial level, thus providing a basis for predicting unmeasured per capita
metal flow behavior.
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Explanatory Variables for per Capita Stocks and Flows

of Copper and Zinc: A Comparative Statistical Analysis
Claudia R. Binder, T. E. Graedel, and Barbara Reck

KEYWORDS:
exploratory data analysis, gross domestic product (GDP), human
development index (HDI), private consumption, resource use, substance
flow analysis (SFA)

SUMMARY:

A number of potential explanatory variables for the stocks and flows of
copper and zinc in contemporary technological societies are co-analyzed
with the tools of exploratory data analysis. A one-year analysis (circa
1994) is performed for 50 countries that comprise essentially all
anthropogenic stocks and flows of the two metals. The results show that
(1) The key explanatory variable for metal use is gross domestic product
(GDP) per capita (purchasing power parity, PPP). By itself, GDP explains
between one-third and one-half of the variance of per capita copper and
zinc use. Other variables that were significantly correlated with copper and
zinc use included two private consumption variables, stock of passenger
cars and television sets (per 1,000 people); two infrastructure variables,
telephone mainlines per capita and percent of urban population; and
percent of value added in manufacturing. The results do not provide
evidence supporting the Kuznets curve hypothesis for these metals. (2)
Metal use per capita can be estimated using multiple regression equations.
For copper, the natural logarithm of consumption per capita is related to
the explanatory variables GDP per capita (PPP), percentage of value added
in manufacturing, and percent urban population. This model explains 80%
of the variance among the different countries (r*> = 0.79). The natural
logarithm of zinc use per capita is related to the explanatory variables GDP
per capita (PPP) and percentage of value added in manufacturing. This
model explains about 75% of the variance among the different countries
(r* = 0.75); (3) For both metals, rates of metal fabrication, use, net
addition to stock, and discard in low- and high-income countries differ
significantly, and predictive equations can also be developed for these flow
parameters. Our statistical analyses thus provide a basis for estimating the
potential development of metal use, net addition to stock, and discard,
using data on explanatory variables that are available at the international
level.
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Comparison of Life-Cycle Inventory Databases: A Case
Study Using Soybean Production

Shelie A. Miller and Thomas L. Theis

KEYWORDS:
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energy use in transportation (GREET) model, life-cycle assessment

SUMMARY:

Three established life-cycle inventories of agricultural operations were used
to generate air emissions data for soybean production: the greenhouse
gases, regulated emissions, and energy use in transportation (GREET)
model; the economic input-output life-cycle assessment (EIO-LCA) model;
and SimaPro software equipped with the Franklin database. EIO-LCA and
GREET baseline data were compared to evaluate differences in boundary
definitions that apply specifically to U.S. soybean agriculture and
processing, which resulted in several major findings. The EIO model
estimated for emissions of particulate matter less than 10 micrograms
(PM1o) resulting from wind erosion that were not included in GREET, but
neglected indirect nitrous oxide (N,O) and nitrogen oxides (NOx) emissions
from fertilizer application. EIO also assumed significantly lower process
energy requirements and lower volatile organic compounds (VOC) for
soybean crushing and oil extraction. The GREET and SimaPro models were
compared using identical boundary and assumption data, to reveal major
discrepancies in fundamental assumptions of energy inventories. Key
emission factors varied by several orders of magnitude for basic energy
generation and combustion processes, potentially impacting results for any
inventory analysis that contains significant energy consumption. The
Franklin database assumed VOC and sulfur oxides (SOx) emissions more
than an order of magnitude higher than GREET for all categories
investigated, with significantly lower N,O and methane (CHs) emission
factors.
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Reevaluation of Energy Use in Wheat Production in the
United States

Gerhard Piringer and Laura J. Steinberg

KEYWORDS:
agriculture, carrier mix, energy balance, grain, input-output model,
process analysis

SUMMARY:

Energy budgets for agricultural production can be used as building blocks
for life-cycle assessments that include agricultural products, and can also
serve as a first step toward identifying crop production processes that
benefit most from increased efficiency. A general trend toward increased
energy efficiency in U.S. agriculture has been reported. For wheat
cultivation, in particular, this study updates cradle-to-gate process
analyses produced in the seventies and eighties. Input quantities were
obtained from official U.S. statistics and other sources and multiplied by
calculated or recently published energy coefficients. The total energy input
into the production of a kilogram of average U.S. wheat grain is estimated
to range from 3.1 to 4.9 MJ/kg, with a best estimate at 3.9 MJ/kg. The
dominant contribution is energy embodied in nitrogen fertilizer at 47% of
the total energy input, followed by diesel fuel (25%), and smaller
contributions such as energy embodied in seed grain, gasoline, electricity,
and phosphorus fertilizer. This distribution is reflected in the energy carrier
mix, with natural gas dominating (57%), followed by diesel fuel (30%).
High variability in energy coefficients masks potential gains in total energy
efficiency as compared to earlier, similar U.S. studies. Estimates from an
input-output model for several input processes agree well with process
analysis results, but the model’s application can be limited by aggregation
issues: Total energy inputs for generic food grain production were lower
than wheat fertilizer inputs alone, possibly due to aggregation of diverse
products into the food grain sector.
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Domestic Water Use in the United States: A Life-Cycle
Approach

Angela Arpke and Neil Hutzler

KEYWORDS:
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environmental impact, wastewater treatment, water treatment

SUMMARY:

Water and energy are two primary natural resources used by building
occupants. A life-cycle assessment (LCA) is performed for water-
consuming plumbing fixtures and water-consuming appliances during their
operational life for four different building types. Within the cycle studied,
water is extracted from the natural environment, subjected to water
treatment, pumped to buildings for use, collected for wastewater
treatment, and discharged back to the natural environment. Specifically,
the impacts of water use, electricity and natural gas generation, energy
consumption (for water and wastewater treatment, and for water heating),
and the manufacture of water and wastewater treatment chemicals are
evaluated both quantitatively and qualitatively on a generalized national
level in the United States of America.

It is concluded that water use and consumption within buildings have a
much larger impact on resource consumption than the water and
wastewater treatment stages of the life cycle. To study this more
specifically, the resource consumption of four different building types—an
apartment building, a college dormitory, a motel, and an office building—is
considered. Of these four building types, the apartment has the highest
energy consumption (for water and wastewater treatment, and for water
heating) per volume of water used, whereas the office building has the
lowest. Similarly, the calculated LCA score for the apartment building is
typically greater than those of the other three building types.
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The Eco-efficiency of Lead in China’s Lead-Acid Battery
System

Jiansu MAO, Zhongwu LU, and Zhifeng YANG

KEYWORDS:
element flow analysis, environmental impact, lead emissions, lead
recycling, societal services, substance flow analysis

SUMMARY:

Improving eco-efficiency can contribute to sustainable development. This
article defines the societal services and environmental impacts of the lead-
acid battery (LAB) system and offers definitions of eco-efficiency, resource
efficiency, and environmental efficiency in the context of LAB systems.
Based on the actual lead-flow in the LAB system, we develop a model that
considers changes in production, the time interval between production and
disposal, direct linkages between the final product and the societal service
it provides, and the fiscal year as the statistical period. From this model,
equations for eco-efficiency are derived and changes in eco-efficiency are
predicted.

The results show, not surprisingly, that increased lead recycling and
reduced lead emissions will both improve eco-efficiency. The resource and
environmental efficiencies for LAB in China are 119 and 131 kilowatt-hour-
years per metric tonne (kWh-yr), respectively, versus a value for both of
15,800 kWh - yr in Sweden. The difference results from a lower lead
recycling rate (only 0.312 tonne/tonne, which means that nearly 70% of
the old lead scrap is not recycled based on official statistics) and higher
lead emissions (0.324 tonne/tonne, which means that nearly 33% of the
lead inputs used in the LAB system were lost into the environment) in
China. Further analysis shows that these problems result from inefficient
management of lead scraps, poor quality lead ore, and an abundance of
small-scale lead-related plants. Ways to improve eco-efficiency are
proposed.
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SUMMARY:

Ecological footprints (EF) have been used for more than 15 years as an
aggregate measure of sustainability of geographical regions, but also for
certain products and activities. EF analysis measures the bioproductive
areas required to produce resources such as crops and timber, the directly
occupied areas for infrastructure, and areas for absorbing waste flows
(mostly limited to carbon dioxide) in a given year for a defined population.
The need to extend ecological footprint analysis to electronic products
arose because so far, mobile phones have mainly been evaluated using
life-cycle assessments with a focus on toxicity, end-of-life management,
and energy use, thus ignoring the wider sustainability implications. This
article presents the footprint results from three mobile phone case studies.
To establish the land areas consumed by the mined materials used in
electronic products, a database was developed based on literature data
and on approximations from the density and overburden of materials. The
relationship between abundance and overburden values was used in a
regression analysis to estimate energy requirements in materials
extraction where other data were not available. Using a life-cycle
assessment approach, environmental burdens for producing and using a
mobile phone were calculated and transformed into the instantaneous rate
of resource consumption. Key results were that different electronic
products have different ecological footprints and that the methodology
proved sensitive enough to reveal differences in small electronic products
and for monitoring technologies that use bioproductive space efficiently.
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SUMMARY:

In this article we discuss the interplay between extended producer
responsibility (EPR) and technological change and innovation (TCI) in
Norway. We ask whether Norwegian EPR policy has an effect on TCI and, if
so, whether it makes any difference how the EPR policies are designed. By
carrying out a comparative study between the plastic packaging (PP)
sector and electrical and electronic (EE) sector in Norway, we conclude that
there is a correlation between Norwegian EPR policy and TCI, but the
causality is rather weak. EPR has an effect on downstream activities
through increased recycling and indirectly through institutional innovation
and learning. It does not, however, make a significant difference how the
policies are designed, because they are considered similar by a majority of
actors contributing financially to the EPR schemes. As for technological
change and innovation upstream, the role of Norwegian EPR policies in the
observed trends is not significant. Other factors such as the EPR-based
Restriction on Hazardous Substances (RoHS) Directive promulgated by the
European Union (EE sector) and the need for competitiveness (PP sector)
seem far more important. In order to make EPR policies more powerful in
inducing technological change and innovation, decision-makers should
consider more specific measures that directly address the core businesses
of the producers.
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SUMMARY:

As a subdiscipline of industrial ecology, industrial symbiosis is concerned
with resource optimization among collocated companies. The industrial
symbiosis complex in Kalundborg, Denmark is the seminal example of
industrial symbiosis in the industrial ecology literature. In spite of this,
there has been no in-depth quantitative analysis enabling more
comprehensive  understanding of economic and environmental
performances connected to this case. In this article some of the central
industrial symbiotic exchanges in Kalundborg are analyzed, using detailed
economic and environmental data. It is found that both substantial and
minor environmental benefits accrue from these industrial symbiosis
exchanges and that economic motivation often is connected to upstream or
downstream operational performance and not directly associated with the
value of the exchanged by-product or waste itself. It is concluded that
industrial symbiosis, as viewed from a company perspective, has to be
understood both in terms of individual economic and environmental
performance, and as a more collective approach to industrial sustainability.
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SUMMARY:

How successful are multinational corporations in extending their firm-
based environmental standards to their subsidiaries and those subsidiaries’
local suppliers in their global production networks in developing countries?
We address this question through an in-depth case study of how Motorola,
a prominent multinational electronics firm with an extensive global
production network, is using a set of firm-based standards to meet several
new stringent European Union environmental directives. The case study
demonstrates that these firm-based standards appear to be enabling a
major subsidiary and its suppliers in one developing economy to reduce
the environmental intensities of their production activities. This finding
suggests that the firm-based environmental standards of multinationals
with extensive global production networks might contribute to a leveling up
of environmental standards in subsidiaries and their local suppliers, rather
than a “race to the bottom,” thus reinforcing the technique or intensity
effects associated with open trade, investment, and technology policies.
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SUMMARY:

The number and diversity of chemicals produced and used in society today
are growing in conjunction with the both evident and uncertain
environmental impacts associated with the life cycles of these chemicals.
Chemical management services (CMS) is a business strategy based on a
strategic, long-term contract, according to which the supplier of chemical
management services accepts the responsibility for managing chemicals
and strives to reduce the associated costs and risks. This strategy also has
the potential for reducing the environmental impacts of chemicals. This
article provides an overview of the existing advantages and barriers for
CMS providers and customers in the European context, identifies conflicts
of interest between them, and highlights important lessons regarding the
role of CMS in shaping these markets. It reports on findings from
interviews with European chemical producers and other stakeholders of
chemical management services and is directed toward industry
professionals interested in chemical management services. It concludes
that economic and environmental advantages of CMS are not automatically
guaranteed and lists factors that are critical for developing a win-win CMS
for both providers and customers. Finally, ways of fostering CMS
dissemination in Europe are suggested.
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