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Environmental Assessment of Emerging Technologies:
Recommendations for Prospective LCA

Rickard Arvidsson, Anne-Marie Tillman, Bjorn A. Sandén, Matty Janssen,
Anders Nordel6f, Duncan Kushnir, and Sverker Molander

Keywords: case study, emerging technology, industrial ecology, life cycle
assessment (LCA), prospective, technological change

Summary:

The challenge of assessing emerging technologies with life cycle assessment
(LCA) has been increasingly discussed in the LCA field. In this article, we propose
a definition of prospective LCA: An LCA is prospective when the (emerging)
technology studied is in an early phase of development (e.g., small-scale
production), but the technology is modeled at a future, more-developed phase
(e.g., large-scale production). Methodological choices in prospective LCA must be
adapted to reflect this goal of assessing environmental impacts of emerging
technologies, which deviates from the typical goals of conventional LCA studies.
The aim of the article is to provide a number of recommendations for how to
conduct such prospective assessments in a relevant manner. The
recommendations are based on a detailed review of selected prospective LCA
case studies, mainly from the areas of nanomaterials, biomaterials, and energy
technologies. We find that it is important to include technology alternatives that
are relevant for the future in prospective LCA studies. Predictive scenarios and
scenario ranges are two general approaches to prospective inventory modeling
of both foreground and background systems. Many different data sources are
available for prospective modeling of the foreground system: scientific articles;
patents; expert interviews; unpublished experimental data; and process
modeling. However, we caution against temporal mismatches between
foreground and background systems, and recommend that foreground and
background system impacts be reported separately in order to increase the
usefulness of the results in other prospective studies.
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A Heuristic Screening Aid for Consequential Life Cycle
Assessment

Deepak Rajagopal

Keywords: bioenergy, climate change, environmental policy, life cycle
assessment (LCA), life cycle inventory (LCl), market-mediated effects

Summary:

Consequential life cycle assessment (CLCA) is envisioned as a framework that
combines the technological richness of attributional life cycle assessment (ALCA)
with basic economic intuition to assess the potential environmental impact of an
innovation. However, despite a growing literature, CLCA still lacks general
guidelines for system boundary definition.

Toward filling this gap, this article invents a new index of vulnerability of the life
cycle impact of a product (or activity) to emissions arising from the impact of its
large-scale adoption on market prices. Using corn ethanol as an example, it is
illustrated how such an index might aid in the selection of a small set of affected
activities for formal consideration in a CLCA. The

application to corn ethanol reveals that in addition to land-cover change, there
exist other sources of vulnerability that have not received attention in the
context of biofuels. A general procedure for utilizing the vulnerability index as a
screening aid for CLCA is outlined. The utility of the vulnerability index is
independent of the type of modeling framework (such as multimarket partial
equilibrium or computable general equilibrium) that might be employed for a
formal CLCA. Finally, this work illustrates how the vulnerability index approach
bridges ALCA and CLCA.
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Estimating Uncertainty in Household Energy Footprints
Jihoon Min and Narasimha D. Rao

Keywords: consumption-based accounting, developing countries, energy
intensity, household footprint, input-output model, uncertainty

Summary:

We develop a methodology to characterize and quantify uncertainty in relating
consumption to production in household energy footprints. This uncertainty
arises primarily from inconsistencies between national accounts and household
surveys and, to a smaller extent, from using aggregated sectors. Researchers may
introduce significant inaccuracies by ignoring these inconsistencies when
reporting household footprints. We apply the methodology to India and Brazil,
where we find the size of this uncertainty to be higher than 20% of footprints at
most income levels. We expect that previous estimates for these countries may
have been overestimated due to these inconsistencies. Other knowledge gaps,
such as inaccuracies in multiregional input-output tables and household surveys,
add further uncertainty beyond our estimates.
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Decision Support Algorithm for Evaluating Carbon Dioxide
Emissions from Electricity Generation in the United States

Nicole A. Ryan, Jeremiah X. Johnson, Gregory A. Keoleian, and Geoffrey M.
Lewis

Keywords: electricity generation, electric utility, emissions factor,
greenhouse gas (GHG) emissions, industrial ecology, marginal emissions

Summary:

This article presents an algorithm to aid practitioners in determining the most
appropriate method to estimate carbon dioxide emissions from an electricity
load. Applications include sustainability assessments of products, processes,
energy efficiency improvements, changes in generation infrastructure, and
changes in electricity demand. Currently, there is no consensus on appropriate
methods for calculating greenhouse gas emissions resulting from specific
electricity loads. Previous research revealed significant differences in emissions
when different methods were used, a situation that could result in divergent
sustainability or policy recommendations. In this article, we illustrate the
distribution of emissions estimates based on method characteristics such as
region size, temporal resolution, average or marginal approaches, and time
scales. Informed by these findings, a decision support algorithm is presented that
uses a load’s key features and an analyst’s research question to provide
recommendations on appropriate method types. We defined four different cases
to demonstrate the utility of the algorithm and to illustrate the variability of
methods used in previous studies. Prior research often employed simplifying
assumptions, which, in some cases, can result in electricity being allocated to the
incorrect generating resources and improper calculation of emissions. This
algorithm could reduce inappropriate allocation, variability in assumptions, and
increase appropriateness of electricity emissions estimates.



I FOREIGN LANGUAGE ABSTRACTS

(LK SFR)

2018 4F, 224 EH6H
http://dx.doi.org/10.1111/jiec.12729

Journal of Industrial Ecology

2018, Vol. 22, Issue 6
http://dx.doi.org/10.1111/jiec.12729

WEAMBIRAE=2: RSN

fE2: Yanan Ren, Xiaojie Liu, Litao Liu, Lei Shi

KEE. LFENG, PE, R, BESH, IS, WL
=
W

AWM FEIRAEF2FR (RP) AR SRR AR I E E e by . fEASCH,
BV T — PN M A BETFECAM RP . A& T —14
HH 578 Fhib 2z S A AL 2= N 4, FERRTE S B R4 BT A 40 2 i 7 oS
MNEG . TAVRE T AR RR R FITF 77 2T A i
TRRA =3 (RPMF) FIE TR L0 T B8 AE 72 2% (RPCF) A T ¥
XA RIRI S X ER, BATLIZMZE Rt —H 2K (PX) AEF=5E
BEATUCRE, PX BEF R PXL 2l IR T HER AN R K T HR 4 B
Mo &, TATRH T RPCF fibr. HATIEHEH 1992-1999 4F 1 [E 1k
22NN E Q) RPCE 4350 145, 219,601, 929, 1474 Al
4076 Fyu/Mifik. S5RKH, AFAALE = FE I N . EA
MATAE ST, LA E RPCE IR & Tl ry. B, X, TolkEX
AL 2 5 o8 F) AT DUIE L b e RN e ek 2 i 2B P R LA Aok R v R AR
PR FRATTIE AT DA A Z S R AR R A L e R YR I R A R
A BT AR PR AT LA, (R RERRVR AL A P R IR A BRI K R

Measuring the Resource Productivity of Crude Oil: A
Chemical Network and its Application

Yanan Ren, Xiaojie Liu, Litao Liu, and Lei Shi

Keywords: chemical network, China, crude oil, hierarchical levels, industrial
ecology, resource productivity

Summary:

The resource productivity (RP) of crude oil is an important indicator to measure
the utilization efficiency of a petroleum resource. In this article, we proposed a
methodology to calculate the RP of crude oil from a complex network
perspective. We constructed a chemical network comprising 578 chemicals and
divided all chemicals into six hierarchical levels according to their processing
steps. We put forward two indicators to represent two calculation methods:
resource productivity based on material flow analysis and resource productivity
based on carbon flow analysis (RPCF). To clarify the differences in the meanings
of these two indicators, we extracted the paraxylene (PX) production chain,
which is composed of crude oil, PX, pure terephthalic acid, and polyethylene
terephthalate, from the network as an example. Finally, we adopted the RPCF
indicator. We calculated that the average RPCFs of the six hierarchical levels of
crude oil in China from 1992 to 1999 are 145, 219, 601, 929, 1,474, and 4,076
USS/(tonnes carbon). The results show that there is a value-added effect in the
extension of petrochemical industrial chains. Among the derivatives of crude oil,
the RPCFs of chemicals are obviously higher than those of oils. Countries, regions,
industrial parks, and chemical companies can improve RP by extending and
choosing chemical production chains and combinations thereof. We can also use
the calculation methodology to compare RP of other sources of carbon like
carbon dioxide and biomass with that of crude oil, and promote the development
of circular economy in energy and chemical production.
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Embodied GHGs in a Fast Growing City: Looking at the
Evolution of a Dwelling Stock using Structural Element
Breakdown and Policy Scenarios

Verena Goswein, Jonathan Krones, Giulia Celentano, John E. Fernandez,
and Guillaume Habert

Keywords: Africa, building materials, greenhouse gas (GHG) emissions,
industrial ecology, stock dynamic, urban metabolism

Summary:

Africa is currently experiencing rapid population growth and accelerated
urbanization. This demographic shift will require a large amount of new construction
material resulting in substantial environmental impact. For many cities on the
continent, data gaps make specific quantification and robust prediction of thisimpact
highly difficult. This article presents a method to assess the stock dynamics and
embodied emissions of a rapidly growing urban built environment using a bottom-
up, typological approach. This approach allows for the identification of appropriate
engineering solutions for decarbonization by localizing embodied greenhouse gas
(GHG) emissions in the different constructive elements with a revisited Sankey
diagram. Different alternatives regarding housing type and construction techniques
are compared. The city of Johannesburg is used as a case study to illustrate the
relation between building types, technologies, and embodied GHG of its residential
building stock. This new visualization uncovers the most material- and GHG-intense
dwelling types and building elements. The adapted Sankey represents the building
stock and its drivers in a simple way, allowing clear understanding of the
consequences of potential alternatives. The business-as-usual scenario indicates
100.5 megatons carbon dioxide equivalent (Mt CO2- eq) for new construction
between 2011 and 2040. The results of the dynamic model over time show that only
a combination of a densified building stock with multistory buildings and the use of
alternative construction materials and techniques show real potential to decelerate
GHG emissions (33.0 Mt CO2-eq until 2040) while aiming to provide adequate and
sustainable housing for all.
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Incremental Material Flow Analysis with Bayesian Inference
Richard C. Lupton and Julian M. Allwood

Keywords: Bayesian inference, industrial ecology, Markov Chain Monte
Carlo, material flow analysis, steel, uncertainty

Summary:

Material flow analysis (MFA) is widely used to study the life cycles of materials
from production, through use, to reuse, recycling, or disposal, in order to identify
environmental impacts and opportunities to address them. However,
development of this type of analysis is often constrained by limited data, which
may be uncertain, contradictory, missing, or over-aggregated.

This article proposes a Bayesian approach, in which uncertain knowledge about
material flows is described by probability distributions. If little data is initially
available, the model predictions will be rather vague. As new data is acquired, it
is systematically incorporated to reduce the level of uncertainty.

After reviewing previous approaches to uncertainty in MFA, the Bayesian
approach is introduced, and a general recipe for its application to material flow
analysis is developed. This is applied to map the global production of steel using
Markov Chain Monte Carlo simulations. As well as aiding the analyst, who can
get started in the face of incomplete data, this incremental approach to MFA also
supports efforts to improve communication of results by transparently
accounting for uncertainty throughout.
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Life Cycle Assessment of Aerogel Manufacture on Small
and Large Scales: Weighing the Use of Advanced Materials
in Oil Spill Remediation

Osman Karatum, Md Mainul H. Bhuiya, Mary K. Carroll, Ann M. Anderson,
and Desiree L. Plata

Keywords: aerogel, industrial ecology, life cycle assessment (LCA), oil spill,
rapid supercritical extraction, waste-to-energy (WTE)

Summary:

Recent studies demonstrated that advanced aerogel composites (Aspen Aerogels ®
Spaceloft ® [SL]) have the potential to transform oil remediation via high oil uptake
capacity and selectivity, excellent reusability, and high mechanical strength.
Understanding the life cycle environmental impacts of advanced aerogels can enable a
more holistic decision-making process when considering oil recovery technologies
following a spill. Here, we perform a cradle-to-grave streamlined life cycle assessment
(LCA) following International Organization for Standardization (ISO) 14040 2006 for SL
weighed against the conventional oil sorbent material, polyurethane foam. The model
included alternative use and disposal scenarios, such as single or multiple uses, and
landfill, incinerator, and waste-to energy (WTE) approaches for cleaning 1 cubic meter
(m3) of light crude oil. Results showed that the ideal case for SL application was comprised
of multiple use and WTE incineration (68% reduction in material use, approximately 7 x
10® megajoules [MJ] of energy recovery from WTE), but SL offered energy and materials
savings even when used once and disposed of via traditional means (i.e., landfill). In
addition to evaluating these already-scaled processes, we performed an anticipatory LCA
for the laboratory-scaled aerogel fabrication process that might inform the sustainable
design of next-generation aerogels. In particular, the model compared rapid supercritical
extraction (RSCE) with two conventional supercritical extraction methods—alcohol and
carbon dioxide supercritical extraction (ASCE and CSCE, respectively)—for silica aerogel
monoliths. Our results showed that RSCE yielded a cumulative energy savings of more
than 76 x 10% and 100 x 10® MJ for 1 m3 of monolithic silica aerogel manufacturing
compared to ASCE and CSCE, respectively.
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Spatio-Temporal Differentiation of Life Cycle Assessment
Results for Average Perennial Crop Farm: A Case Study of
Peruvian Cocoa Progression and Deforestation Issues

Giancarlo Raschio, Sergiy Smetana, Christian Contreras, Volker Heinz, and
Alexander Mathys

Keywords: geo-spatial differentiation in LCA, industrial ecology, land-use
change, life cycle assessment, perennial crops impact assessment, relative
risk of deforestation

Summary:

The application of spatially and temporally explicit information to increase result
precision is gaining momentum in Life Cycle Assessment (LCA) studies. It is vital for
the assessment of environmental impact of perennial crops with non-productive
years, grown in combination with shade crops. Available studies rely on
differentiated life cycle inventory data for the inputs in LCA or application of adapted
impact assessment methodologies. This study uses the identification of greenhouse
gas emissions (GHG) hotspots (statistically significant clusters of farms with either
high or low GHG emission values) estimated from average LCA results and assesses a
relative deforestation risk in such hotspots. A total of 1892 farms in the Tocache
province of San Martin region of Peru were evaluated between the year 2008 and
2010. Combination of average LCA results with farm size, age and deforestation
progression allowed for the identification of areas and farms with a high relative risk
of environmental impacts and potential deforestation. It was estimated that farms
belonging to high-GHG emission hotspots were twice more likely to expand their
agricultural frontier and cause deforestation than farms in low-GHG emission
hotspots. Combining LCA with geo-information systems and geostatistics is a viable
path to explore the differentiation of assessment results, which might lead to faster,
more accurate, and resource-efficient ways to tackle environmental impacts while
also accounting for important environmental impacts such as deforestation. Further
research on the application of suggested approaches with other perennial crops and
other geographical areas is needed.
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Dirty Laundry in Manila: Comparing Resource
Consumption Practices for Individual and Shared
Laundering

Monique Retamal and Heinz Schandl

Keywords: developing countries, households, industrial ecology, product-
service system (PSS), social practices, sustainable consumption

Summary:

Changing lifestyles in developing and emerging economies entail a shift in
technology use, everyday practices, and resource consumption. It is important to
understand the sustainability consequences of these changes and the potential
for policy to guide practices toward more sustainable lifestyles. In this study, we
investigate laundry practices in the City of Manila, the Philippines, and compare
the resources consumed in three different modes of laundering. We examine (1)
traditional washing by hand, (2) washing by machine at home, and (3) using a
laundry service. In addition to comparing the consumption of water, energy, and
detergents, we also examine the social aspects of laundering using the lens of
social practice theory. We use empirical data gathered in interviews with laundry
service operators and people laundering at home to undertake qualitative and
quantitative analyses of laundry practices and resource consumption. We find
that hand washing uses the least water and energy, but large quantities of
detergents. Machine washing and laundry services are comparable for water
consumption, but energy use is much higher for services as they use dryers.
Social changes, such as an increase in work available for women and the nature
of future housing, are likely to influence the dominance of either shared or
individual laundering methods. These findings illustrate the social complexity of
transitions to product-service systems and the interdependencies between their
social and environmental impacts.
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Evaluating Environmental Performance of Industrial Park
Development: The Case of Shenyang

Huijuan Dong, Zuoxi Liu, Yong Geng, Tsuyoshi Fujita, Minoru Fujii, Lu Sun,
and Liming Zhang

Keywords: decomposition analysis, emergy, environmental performance,
industrial ecology, industrial symbiosis, sustainability

Summary:

In order to improve the overall sustainability of industrial parks, it is necessary to
understand the development characteristics of industrial parks so that
appropriate management measures can be raised. Under such a circumstance,
this study analyzes the changes in the environmental performance of Shenyang
Economic and Technology Development Zone (SETDZ) in terms of emergy-based
indicators and explores underlying driving forces using decomposition analysis
methods. The results show that in the industrial recruitment stage (2001-2006),
the total emergy increased rapidly and the sustainability level decreased
significantly because of the exploitation of local resources with the expansion of
industrial scale. After entering the industrial cluster and upgrading stage (2007-
2010), the total emergy increased even faster, while the environmental
performance did not decrease too much because of the improved resource
efficiency and improved technological progress. The implementation of
industrial symbiosis (IS) (2011-2013) could have further effectively reduced the
total emergy consumption and improved the environmental performance, but
current symbiosis efforts were not sufficient and need to be further promoted.
Gross regional product and area of the industrial park were the most important
driving factors to the total emergy for all the development stages. In terms of
emergy sustainability, renewable emergy ratio (R1/U) was one key impact factor.
Therefore, how to improve the ratio of renewable resources and enhance IS
scopes will be the key strategies for its sustainable development.
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Urban Metabolism in Bangalore City: A Water Mass
Balance Analysis

Reba Paul, Steven Kenway, Brian Mclntosh, and Pierre Mukheibir

Keywords: alternative water resources, system boundary, water
performance indicator, water reuse, urban water accounting, urban water
planning

Summary:

Cities are increasingly depending on energy-intensive water sources, such as distant
rivers and the ocean, to meet their water demand. However, such expensive sources
could be avoided using alternative local sources of water such as wastewater,
rainwater, and stormwater. Many cities do not have robust accounts of those
localized water resources, as estimating those resources requires comprehensive
accounting in complex urban water systems. In this article, we investigate whether
an urban metabolism evaluation framework built on the urban watermass balance
can help analyze these resources, especially in a rapidly growing developing city. We
first refined the water mass balance equation developed by Kenway and his
colleagues in 2011 for a developing country context with the inclusion of some
significant components such as system loss. Then, we applied the refined equation
for the first time to Bangalore city in India, a developing country, for the year 2013—
2014 as a real case example, which is a rare water mass balance analysis of its kind.
The refined equation helped analyze Bangalore’s urban water system. The total
available wastewater, stormwater, and rainwater were 656 gigaliters (GL). The gap
between water demand and supply could be met if 54% of this recycled potential
were harnessed. Wastewater had enough potential (362 GL) to replace the whole
centralized water supply from the Cauvery. A scenario analysis showed that the gap
between water demand and supply in 2021 can be met if 60% of total recycled
potential is utilized. This approach can be used to help other cities identify the
potential of alternative water sources and support integrated water planning and
monitoring water metabolic performance.
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Dynamic Product-Level Analysis of In-Use Aluminum
Stocks in the United States

Wei-Qiang Chen

Keywords: industrial ecology, in-use stock, patterns of aluminum use, stocks
and flow analysis, substance flow analysis (SFA), sustainable resource use

Summary:

This study estimates product-level in-use stocks of aluminum in the United States
for the period 1960-2009 (or longer in some cases) and explores patterns of the
historical evolution of in-use aluminum stocks at both product and sector levels.
The principal findings are the following: (1) results estimated by the product-level
methods in this study match reasonably well with those estimated by the sector-
level method for five sectors (except the Machinery and Equipment sector),
meaning that the methods verify the robustness and reliability of each other; (2)
after early period(s) of increase since aluminum-containing products were
introduced into the market, in-use aluminum stocks at the product level, based
on either absolute, per capita, or per household terms, follow one of four
different patterns (Increase, Decrease, Saturation, and Fluctuation), determined
by the historical evolution of product stocks and flows and aluminum contents in
products; and (3) when aggregated, in-use aluminum stocks at the product level
can be used to compare with and explain the historical evolution of the in-use
aluminum stocks at the sector level that are estimated by the top-down method,
with only a few products dominating or significantly influencing the historical
evolution pattern for a whole sector. These results may enable manufacturers,
metal suppliers, recyclers, and governments to plan their material-related
policies and actions with increased precision compared to previous top-down
results that are only available at the sector level.
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Industrial Intensification and Energy Embodied in Trade:
Long-Run Energy Perspective of the Planned Economy of
Czechoslovakia

Hana Nielsen

Keywords: central planning, Czechoslovakia, economic history, embodied
energy, foreign trade, industrial ecology

Summary:

This paper examines the role of foreign trade in the consumption of energy in
Czechoslovakia through a bottom-up approach in accounting for energy
embodied in trade with manufactured goods. It provides a unique analysis of
annual changes in energy embodied in trade in a country characterized by
changing political regimes. On the whole, Czechoslovakia has been a net exporter
of energy throughout the twentieth century with an average 12% of domestic
energy consumption embodied in exports. The role of central planning was found
to have a significant effect on the absolute levels of energy embodied in trade,
which reached its peak in 1972, when Czechoslovakia had net exports of
embodied energy of 29 gigajoules per capita, well above those of Sweden in 1970
or China in 2013. Increased product specialization with a shift toward heavy
industrial goods also had a clear impact on the composition of energy embodied
in exports. Despite this development, the energy intensity curve of
Czechoslovakia does not change substantially when adjusted for foreign trade.
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Explanatory Variables for National Socio-Metabolic Profiles
and the Question of Forecasting National Material Flows in
a Globalized Economy

James West and Heinz Schandl

Keywords: forecasting, material flow analysis (MFA), panel analysis, societal
metabolism, sociometabolic transitions, STIRPAT

Summary:

Identifying which socioeconomic factors can explain differences in national
sociometabolic profiles, and quantifying how well they do it, is relevant to the
question of whether national-level material flows can be forecast accurately
enough to inform policy. In this study, we employed panel analyses to test a wide
range of socioeconomic variables with respect to their ability to explain
variations in the material flows trajectories between different nations. We found
that, apart from the long-established explanatory variables of population and
affluence (gross domestic product [GDP] per capita), additional variables do little
to explain the remaining variation between countries. The main explanation
proposed for this is that, as product supply chains are increasingly globalized,
expecting national-level material flows to closely reflect national-level
development is not appropriate. The effects of globalized trade on national
material flows are profound, and come via a number of different mechanisms,
discussed in the study. This implies that attempting long-term prediction of
national demand for primary materials is unlikely to be a fruitful activity, and that
further efforts to refine existing models will probably not greatly improve results.
Conversely, forecasting material flows at the global scale may not be
unreasonable, but would be contingent on having accurate forecasts of
population and GDP. The linkage of national material flows to the global
economy has important implications for the efficacy of attempting to materially
affect global sustainability via policy measures taken in isolation, at the national
level.
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Statistical Projection of Material Intensity: Evidence from
the Global Economy and 107 Countries

George C. Efthimiou, Panos Kalimeris, Spyros Andronopoulos, and John G.
Bartzis

Keywords: beta distribution, economic growth, extreme value, material
intensity, material flow accounting, probability density function

Summary:

The material intensity (M) of the economy remains among the most widely cited
indicators in international statistics and reports, evaluating the efficient use and
productivity of natural resources in the economic process. In the context of the
contemporary economy-wide material flow accounting framework, the material
intensity of a country is evaluated through the estimation of the ratio of the
domestic material consumption (DMC) to the gross domestic product (GDP)
index (DMC/GDP). Indeed, the essential contribution of natural resources to the
economic process requires the establishment of reliable projections of this
intricate relationship to the future. These projections may provide critical
information to policy makers and practitioners in order to evaluate the future
dynamics of the efficient use of natural resources in the production process.
Toward this objective, the present study evaluates and proposes an alternative
novel methodology for Ml statistical projections, based on the beta distribution,
by using a deterministic model for predicting the maximum expected values. The
parameters of the deterministic model are calculated from the estimated Ml of
the global economy. The evaluation of the model is then performed by using Ml
estimates from 107 individual countries. The agreement between the model and
the estimates is very good. The proposed method’s merit is its simplicity, as by
using two statistics of the material intensity (mean and variance) and an integral
time scale, it is feasible to calculate the probabilities of the MI of any country
with a high degree of confidence.
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Nexus Strength: A Novel Metric for Assessing the Global
Resource Nexus

David Font Vivanco , Ranran Wang, and Edgar Hertwich

Keywords: footprints, industrial ecology, input-output analysis (I0A), linear
goal programming, resource management, resource nexus

Summary:

The limited access to natural resources is a major constraint for sustainability at
various spatial scales. This challenge has sparked scholarly interest in the linkages
or nexus between resources, with a view to helping anticipate unforeseen
consequences, identify trade-offs and co-benefits, and find optimal solutions.
Yet, despite decades of research, limitations in the scope and focus of studies
remain. Recently constructed multiregional input-output (MRIO) databases,
which cover the global economy and its use of resources in unprecedented detail,
allow systematically investigation of resource use by production as well as
consumption processes at various levels and garner new insights into global
resource nexus (GRN) issues. This article addresses the question of how to
prioritize such issues. Using the MRIO database, EXIOBASE, we address the GRN
considering five key resources: blue water, primary energy, land, metal ores, and
minerals. We propose a metric of nexus strength, which relies on linear goal
programming to rank industries and products based on its associated combined
resource use and various weighting schemes. Our results validate current
research efforts by identifying water, energy, and land as the strongest linkages
globally and at all scales and, at the same time, lead to novel findings into the
GRN, in that (1) it appears stronger and more complex from the consumption
perspective, (2) metals and minerals emerge as critical, yet undervalued,
components, and (3) it manifests with a considerable diversity across countries
owing to differences in the economic structure, domestic policy, technology, and
resource endowments.
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