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From Engineering Economics to Extended Exergy
Accounting: A Possible Path from Monetary to
Resource-Based Costing

Enrico Sciubba

KEYWORDS:
energy conversion, exergo-economics, exergy, externalities, resource
accounting, thermodynamics

SUMMARY:

The article describes the extended exergy accounting technique (EEA), a
novel method for computing the cost of a commodity based on its
resource-base equivalent value (as opposed to its monetary cost) that
enables the analyst to perform more complete and meaningful
assessments of a complex system. The claim made here is that the
novelty, as well as the decisive advantage, of EEA consists in its being
entirely and uniformly resource based, thanks to the inclusion in the
system balance of exergetic fluxes equivalent to labor, capital, and
environmental remediation costs. In this respect, EEA owes some of its
structural formalism to Sraffa’s network representation of the economic
production of commodities by means of other commodities, which it
extends by accounting for the unavoidable energy dissipation in the
productive chain (whose economic implications were first discussed by
Georgescu-Roegen), to Daly’s pioneering work in resource-oriented
economics, and to Szargut’s cumulative exergy consumption method.

The representation of a process by means of its extended exergy
flow diagram is discussed in this article, and it is argued that some of the
issues that are difficult to address with a purely monetary approach can be
properly resolved by EEA. The main shortcomings of EEA are its intrinsic
locality in time and space: They are demonstrated to be necessary and not
casual consequences of its very definition and of the nonuniformity of
societal conditions. In the conclusions, some indications are given as to the
possibility of using this new technique to complement (and extend) other
current tools, such as life-cycle assessment or environmental footprint
analysis.
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Future Redistribution of Cadmium to Arable Swedish
Soils: A Substance Stock Analysis
Sten Karlsson, Fredrik Fredrikson, and John Holmberg

KEYWORDS:
arable soils, cadmium, environmental indicators, exhaustible resource,
materials flow analysis (MFA), substance flow analysis (SFA)

SUMMARY:

This article describes a stock-based methodology designed to analyze the
redistribution of substance stocks to environmental compartments. The
methodology is then applied to investigate the requirements and
possibilities for avoiding undesired future accumulation of cadmium in
Swedish arable soils. A prospective decomposition analysis of human
cadmium mobilization is thus performed to estimate the potential amounts
that can end up in arable soils through different flows from the cadmium
stocks identified. The requirements for cadmium abatement to achieve
prescribed goals for accumulation limits are determined and compared with
past and current achievements and with the varying qualities of possible
abatement methods.

A stock-based methodology adds some important information to
traditional scenario techniques based on substance flow analysis. The most
obvious is that the fact that stocks are limited actually matters for long-
term accumulation of cadmium in arable land. The methodology may also
contribute certain indicators, for instance, on abatement requirements,
which could serve as a complement to regulation and local quality
measures on specific flows at an aggregated policy level.

The stock perspective also sheds new light on actions such as increased
recycling.

Concerning the specific example used in the study, it is possible to
achieve a future addition of cadmium in Swedish agricultural soils that is
significantly lower than in the past, although the amount depends to a
large degree on activities and policies outside Sweden. Considerable
uncertainty exists regarding future depositions from air, especially that
from distributed small-scale emissions from fuel burning and reemission of
already deposited cadmium from natural media. Measures must also be
taken to guarantee a continued low addition in the form of mineral
phosphorus fertilizers.
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Adopting Lead-Free Electronics: Policy Differences and
Knowledge Gaps

Julie M. Schoenung, Oladele A. Ogunseitan, Jean-Daniel M. Saphores, and
Andrew A. Shapiro

KEYWORDS:
e-waste, heavy metals, lead (Pb), reduction of hazardous substances (RoHS),
solder, waste electronic and electrical equipment (WEEE)

SUMMARY:

For more than a decade, the use of lead (Pb) in electronics has been controversial:
Indeed, its toxic effects are well documented, whereas relatively little is known about
proposed alternative materials. As the quantity of electronic and electrical waste (e-
waste) increases, legislative initiatives and corporate marketing strategies are
driving a reduction in the use of some toxic substances in electronics. This article
argues that the primacy of legislation over engineering and economics may result in
selecting undesirable replacement materials for Pb because of overlooked knowledge
gaps. These knowledge gaps include the need for an assessment of the effects of
changes in policy on the flow of e-waste across state and national boundaries; the
need for further reliability testing of alternative solder alloys; the need for further
toxicology and environmental impact studies for high environmental loading of the
alternative solders (and their metal components); the need for improved risk
assessment methodologies that can capture complexities such as changes in waste
management practices, in electronic product design, and in rate of product
obsolescence; the need for carefully executed allocation methods when evaluating
the impact of raw material extraction; and for in-depth risk assessment of alternative
end-of-life options.

The resulting environmental and human health consequences may be
exacerbated by policy differences across political boundaries. To chart a way out of
this conundrum, legislation and policies dealing with Pb in electronics are first
reviewed. A discussion of the current state of knowledge on alternative solder
materials relative to product design, environmental performance, and risk
assessment follows; consistent with previous research, this analysis finds that there
is great uncertainty in the trade-offs between Pb-based solders and proposed
replacements. Four specific research needs are identified: the engineering reliability
of alternative alloys, risk assessments of end-of-life alternatives, methodologies for
allocating the impacts of raw material extraction, and assessments of the impacts of
emerging technologies for product design and waste management. Bridging policy
and knowledge gaps will require increased international cooperation on materials
use, product market coverage, and e-waste end-of-life management.
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Improving Energy Efficiency by Five Percent and More
per Year?

Kornelis Blok

KEYWORDS:
eco-efficiency, household energy, manufacturing energy, specific
energy consumption, technological innovation, transportation energy

SUMMARY:

Reduction of specific energy consumption by 1% to 2% per year is
typically what is considered feasible for end-use energy applications. This
article tries to answer the question of whether much higher rates, for
example 5% and more, are feasible for new equipment, installations, and
buildings.

After examining some end-use functions in industry, buildings, and
the transport sector, it is concluded that for the foreseeable future—that is,
not more than 10 to 20 years into the future—such high rates of reduction
of specific energy consumption are indeed possible. For the longer term,
no definitive proof is available, but there are also no indications that such
high rates could not be maintained.

The effect of the reduction of specific energy consumption on total
energy use depends on the growth of energy-using activities and on the
replacement rates of capital stock. Taking these into account, it is
estimated that for industrialized countries a reduction of absolute total
energy use by 50% in 50 years compared with the current levels is
possible. Such a reduction requires a huge effort in innovation; however,
the possibilities for stimulating innovation seem not to be exhausted yet.
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Modeling Basic Industries in the Australian Stocks and
Flows Framework

James A. Lennox, Graham Turner, Rob Hoffman, and Bert Mclnnis

KEYWORDS:
basic industries, industrial metabolism, mass balance, materials flow

analysis (MFA), physical input-output model (P10T), vintage model

SUMMARY:

The Australian stocks and flows framework (ASFF) is a tool for establishing
a coherent historical picture of the Australian physical economy and for
testing long-term future scenarios (up to 2050 or even 2100). These
scenarios can be used to investigate the long-term physical consequences
of current and future choices affecting the physical dimensions of
sustainability. In this article we describe the methodology for and
construction of a key component of ASFF: a dynamic physical input-output
model of material flows in the basic industries.

The materials model in ASFF describes physical flows and their
transformation by industrial processes. The model’s structure permits
scenario analysis of long-term technological change by permitting time-
varying input-output coefficients and vintage models of capital stocks. As a
consequence, the model contains a large number of parameters, which can
be left at default settings or adjusted as the modeler sees fit, in order to
simulate the widest possible range of physically realizable scenarios. The
materials model is built using a methodology that integrates bottom-up
process analysis with top-down statistics on material and energy flows. We
present some examples showing how the materials model has been
implemented to model Australian heavy industries. Several possibilities for
further developing the materials model are also described.
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Dematerialization: Not Just a Matter of Weight

Ester van der Voet, Lauran van Oers, and Igor Nikolic

KEYWORDS:
Dematerialization, environmental impacts, indicators, life-cycle
assessment (LCA), materials, materials flow analysis (MFA)

SUMMARY:

This article contains the results of a study performed to support the Dutch
environmental policy of dematerialization. The aim of the study was “to
develop and apply a methodology to identify the materials that contribute
most to the environmental problems in the Netherlands.” The developed
methodology combines aspects of material flow accounting (MFA) and life-
cycle assessment (LCA) and aims at adding a set of environmental weights
to the flows of the materials. The methodology was applied to a number of
materials. For these materials, impacts per kilogram were extracted from a
standard LCA database in combination with standard LCA software. These
impacts per kilogram are then multiplied with the yearly throughput of
each material in the Netherlands to obtain an indication of the
environmental impacts associated with each material.

This article contains a discussion of dematerialization as
background for the research, a description of the methodology followed by
the results of its application, and a discussion of the comparison of impact-
based versus mass-based indicators. Materials vary many orders of
magnitude in their impacts per unit mass. In general, the impact per unit
of mass of bulk materials is lower than that of materials used in small
quantities. This implies that the variation in orders of magnitude of impact
multiplied by mass is much less than either mass or impact per kilogram
separately. High-priority materials based on impact multiplied by mass are
either small-quantity materials with very high impacts per kilogram (such
as heavy metals) or large-quantity materials with not-so-low impacts per
kilogram (such as materials from agriculture and plastics).
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The Ecological Footprint Intensity of National
Economies

Richard York, Eugene A. Rosa, and Thomas Dietz

KEYWORDS:

eco-efficiency, ecological footprint (EF), ecological modernization,
environmental Kuznets curve (EKC), IPAT equation, resource
efficiency

SUMMARY:

At least three perspectives—industrial ecology (IE), ecological
modernization theory (EMT), and the “environmental Kuznets curve”
(EKC)—emphasize the potential for sustainability via refinements in
production systems that dramatically reduce the environmental impacts of
economic development. Can improvements in efficiency counterbalance
environmental impacts stemming from the scale of production? To address
this question we analyze cross-national variation in the ecological footprint
(EF) per unit of gross domestic product (GDP). The EF is a widely
recognized indicator of human pressure on the environment. The EF of a
nation is the amount of land area that would be required to produce the
resources it consumes and to absorb the wastes it generates. The most
striking finding of our analyses is that there is limited variation across
nations in EF per unit of GDP. This indicates limited plasticity in the levels
of EF intensity or eco-efficiency among nations, particularly among affluent
nations. EF intensity is lowest (eco-efficiency is highest) in affluent nations,
but the level of efficiency in these nations does not appear to be of
sufficient magnitude to compensate for their large productive capacities.
These results suggest that modernization and economic development will
be insufficient, in themselves, to bring about the ecological sustainability of
societies.
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Life-Cycle-Based Solid-Waste Management under
Uncertainty

P. Ozge Kaplan, Morton A. Barlaz, and S. Ranji Ranjithan

KEYWORDS:
decision making, life-cycle inventory (LCI), Monte Carlo, municipal
solid waste (MSW), solid waste management (SWM), uncertainty

SUMMARY:

The development of integrated solid-waste management (SWM) strategies
that are efficient with respect to both cost and environmental performance
is a complex task. There are numerous interrelations among different unit
operations in the solid-waste system (e.g., collection, recycling, and
combustion), and a large number of design parameters that affect
estimates of cost and environmental emissions. Uncertainty in design and
operational parameters can lead to uncertainty in the estimates of cost and
emissions. This article describes an extension of the capability of the
Integrated Solid Waste Management Decision Support Tool (ISWM DST)
(Solano et al. 2002b) to enable consideration of the effects of uncertainty
in input parameters. The uncertainty analysis capability is illustrated using
a hypothetical case study of a typical municipality. Results show that
increased expenditure does not necessarily result in a reduction in the
expected levels of environmental emissions and that some SWM
alternatives may be more robust, although deterministic estimates of their
expected performances are similar. The uncertainty analysis also facilitates
use of the ISWM DST by policy makers responsible for evaluation of the
expected effect of SWM practices on, for example, greenhouse-gas
emissions.
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Decision Support through Mass and Energy Flow
Management in the Vehicle-Refinishing Sector

Jutta Geldermann and Otto Rentz

KEYWORDS:
automobile coating, decision modeling, emission reduction, life-cycle
assessment (LCA), process model, small and medium sized
enterprises (SME), volatile organic compounds (VOCs)

SUMMARY:

In the past few decades, major advances in environmental protection
within the coating application industry have been made. In spite of this
technological progress, approximately 50% of industrial solvent emissions
still come from the paint-application sector. The advances made in
reducing emissions for plants requiring licensing have unfortunately had no
influence on the environmental efforts of smaller companies. Solvent-
reduced painting systems, such as high-solid paints, water-based coating,
and powder coating have not been able to achieve acceptance, nor have
innovative application technologies. The principal arguments against a
conversion to these ecologically more favorable alternatives were related
to cost and quality.

Recently, the EU Solvent Directive (1999/13/EC) went into effect,
aiming to significantly reduce industrial-solvent emissions. Up until this
point, however, instruments enabling smaller companies to determine their
solvent emissions and to simultaneously develop process-improvement
potentials while keeping costs in mind have been missing.

Using the mass and energy flow-management approach, cost
structures and environmental benefits can be made transparent to the
entrepreneur. The primary result of the research projects presented here is
the computer-based mass and energy flow model called the individual
computer aided mass and energy flow model for the vehicle refinishing
sector (IMPROVE). It can be used as a detailed business-consultancy tool.
Based upon this, practical guidelines were developed for easy orientation
and activity planning. They can be used by companies to help them fulfill
the requirements of environmental legislation and to display the benefits
that can be achieved by various emission-reduction measures.
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SUMMARY:

When one models impact pathways due to stressors that are caused by the
provision of product systems, it results in indicators for environmental
damages. These indicators are incommensurable and cannot be compared
per se. For example, the statistical life years lost for a human population
cannot necessarily be compared with the potentially affected fraction of
species within an ecosystem. However, some decision makers who use life-
cycle assessment (LCA) prefer a single index, because it facilitates
interpretation better than a multi-indicator system. This requires a method
for aggregating environmental damages of differing types, thereby
confronting LCA with a valuation problem.

The article describes a nonmonetary approach to valuation in LCA
that incorporates the findings of a survey among LCA practitioners and
users. The survey focuses on the weighting of three safeguard subjects for
Eco-indicator 99, a damage-oriented impact-assessment method: human
health, ecosystem quality, and resources. Of particular interest here is
what influence the context provided in the survey (framing) and an
individual’s characteristics have on his or her weighting of environmental
damages. The results indicate that damages on the European level are
easier to compare than damages on a micro level. Additionally, although
only half of the survey participants could be classified unequivocally into
one of three cultural perspectives, each perspective rated the damage
categories presented to them significantly differently from the others. Our
conclusions were that framing effects need to be more carefully considered
in weighting procedures and that weighting preferences vary significantly
according to a group’s archetypical attitudes.
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