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Circular economy finance: Clear winner or risky
proposition?

Paul Dewick, Magnus Bengtsson, Maurie J. Cohen, Joseph Sarkis, Patrick
Schroder

Keywords: circular economy, environment and finance, industrial ecology,
socially responsible investing (SRI),sustainability indicators, sustainable
development

Summary:

A major shift in private and public investment is needed to forge a transition to
a circular economy. A recent surge of activity from policy makers, the financial
industry, and other stakeholders suggests commitment and progress toward
providing resources to facilitate this process. In this forum article, we provide a
measured, and in some respects critical and corrective, assessment of these
developments. We highlight the riskthat progress toward a circular economy will
be curtailed by strategic decisions based on contestable understanding, fuzzy
indicators, and inadequate information. Before major industry actors implement
international investment standards, launch innovative financing vehicles, and
ramp up investment, we call for more effective oversight to prevent the circular
economy from becoming yet another compromised and ultimately ineffectual
sustainability concept.
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LC-IMPACT: A regionalized life cycle damage assessment
method

Francesca Verones, Stefanie Hellweg, Assumpcid Antdn, Ligia B. Azevedo,
Abhishek Chaudhary, Nuno Cosme, Stefano Cucurachi, Laura de Baan, Yan
Dong, Peter Fantke, Laura Golsteijn, Michael Hauschild, Reinout Heijungs,
Olivier Jolliet, Ronnie Juraske, Henrik Larsen, Alexis Laurent, Christopher L.
Mutel, Manuele Margni, Montserrat Nufiez, Mikolaj Owsianiak, Stephan
Pfister, Tommie Ponsioen, Philipp Preiss, Ralph K. Rosenbaum, Pierre-Olivier
Roy, Serenella Sala, Zoran Steinmann, Rosalie van Zelm, Rita Van Dingenen,
Marisa Vieira, Mark A. J. Huijbregts

Keywords: disability adjusted life years, global extinction risk, industrial
ecology, kilogram ore extracted,potentially disappeared fraction of species,
spatial differentiation

Summary:

Life cycle impact assessment (LCIA) is a lively field of research, and data and models are
continuously improved in terms of impact pathways covered, reliability, and spatial detail.
However, many of these advancements are scattered throughout the scientific literature,
making it difficult for practitioners to apply the new models. Here, we present the LC-IMPACT
method that provides characterization factors at the damage level for 11 impact categories
related to three areas of protection (human health, ecosystem quality, natural resources).
Human health damage is quantified as disability adjusted life years, damage to ecosystem
quality as global species extinction equivalents (based on potentially disappeared fraction of
species), and damage to mineral resources as kilogram of extra ore extracted. Seven of the
impact categories include spatial differentiation at various levels of spatial scale. The influence
of value choices related to the time horizon and the level of scientific evidence of the impacts
considered is quantified with four distinct sets of characterization factors. We demonstrate
the applicability of the proposed method with an illustrative life cycle assessment example of
different fuel options in Europe (petrol or biofuel). Differences between generic and
regionalized impacts vary up to two orders of magnitude for some of the selected impact
categories, highlighting the importance of spatial detail in LCIA. This article met the
requirements for a gold — gold JIE data openness badge described at http://jie.click/badges.
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Proposal for a new compilation system for metal ores in
economy wide material flow accounting

James West, Mirko Lieber, Stephan Lutter, Heinz Schandl

Keywords: co-production, economy wide material flow analysis, industrial
ecology, material flow accounting,metal ore, ore grade

Summary:

The authors of this article propose a major revision of the processes used for
assembling the metal ores component of economy wide material flow accounts
(EW-MFA). The case for doing this is built by describing in detail important
shortcomings of current metal ores reporting systems, introducing the key
features of the revised system being proposed, and then illustrating the way in
which the new system both solves old shortcomings and adds important new
capacities. The new capacities added are of particular interest with regard to
organizing the data required for a range of practical resource and environmental
monitoring and management tasks, at national and smaller scale. The various
components of the case for change are explained largely using illustrative
examples. The direct motivations behind this work are twofold. First, the
proposed system will improve the accuracy and fitness for current uses of the
metal ores accounts being assembled. Second, and more importantly, the
additional capabilities of the revised system as a resource and environmental
management tool will make the process of assembling EW-MFA accounts more
clearly relevant to the concerns of developing countries, which are increasingly
being prevailed upon to compile these accounts. In addition to the direct benefits
of improved resources and environmental management that should be enabled
by the revised system, it is expected that expanding the utility derived from the
EW-MFA process will provide a stronger incentive for its institutionalization and
maintenance by individual nations.
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A systematic approach to assess the environmental impact
of emerging technologies: A case study for the GHG
footprint of CIGS solar photovoltaic laminate

Mitchell K. van der Hulst, Mark A. J. Huijbregts, Niels van Loon, Mirjam
Theelen, Lucinda Kootstra, Joseph D. Bergesen, Mara Hauck

Keywords: environmental experience curve, ex ante, industrial ecology, life
cycle assessment (LCA), prospective, technological innovation

Summary:

Estimating the environmental impact of emerging technologies at different
stages of development is uncertain but necessary to guide investment, research,
and development. Here, we propose a systematic procedure to assess the future
impacts of emerging technologies. In the technology development stage
(technology readiness level < 9), the recommended experience mechanisms to
take into account are (a) process changes, (b) size scaling effects, and (c) process
synergies. These developments can be based on previous experience with similar
technologies or quantified through regression or engineering dimension
calculations. In the industrial development phase, (d) industrial learning, based
on experience curves or roadmaps, and (e) external developments should be
included. External developments, such as changes in the electricity mix can be
included with information from integrated assessment models. We show the
applicability of our approach with the greenhouse gas (GHG) footprint evaluation
for the production of copper indium gallium (di)selenide (CIGS) photovoltaic
laminate. We found that the GHG footprint per kilowatt peak of produced CIGS
laminate is expected to decrease by 83% going from pilot to mature industrial
scale production with the largest decrease being due to expected process
changes. The feasibility of applying our approach in practice would greatly
benefit from the development of a database containing information on size
scaling and experience rates for a wide variety of materials, products, and
technologies.
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Circular value creation architectures: Make, ally, buy, or
laissez-faire

Erik G. Hansen, Ferdinand Revellio

Keywords: business model innovation, circular economy, consumer
electronics, corporate sustainability, part-nerships, product design

Summary:

Slowing and closing product and related material loops in a circular economy (CE)
requires circular service operations such as take-back, repair, and recycling.
However, it remains open whether these are coordinated by OEMs, retailers, or
third-party loop operators (e.g., refurbishers). Literature rooted in the classic
make-or-buy concept proposes four generic coordination mechanisms and
related value creation architectures: vertical integration, network, outsourcing,
or doing nothing (laissez-faire). For each of these existing architectures, we
conducted an embedded case study in the domain of smartphones with the aim
to better understand how central coordinators align with actors in the value
chain to offer voluntary circular service operations. Based on the above
coordination mechanisms, our central contribution is the development of a
typology of circular value creation architectures (CVCAs) and its elaboration
regarding circular coordination, loop configuration, and ambition levels. We find
that firms following slowing strategies (i.e., repair, reuse, and remanufacturing)
pursue higher degrees of vertical integration than those following closing
strategies (i.e., recycling) because of the specificity of the assets involved and
their greater strategic relevance. The typology also shows that higher degrees of
vertical integration enable higher degrees of loop closure (i.e., from open to
closed loops) and better feedbacks into product design. Furthermore, we
differentiate the understanding on third-party actors by distinguishing between
independent and autonomous loop operators. Overall, we strengthen the actor
perspective in product circularity literature by clarifying the actor set, their
interrelationships, and how they form value creation architectures.
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Diffusion of labor standards through supplier—
subcontractor networks: An agent-based model

Stefan Gold, Thomas Chesney, Tim Gruchmann, Alexander Trautrims

Keywords: agent-based modeling, network asymmetries, standard
diffusion, subcontracting, supply net-works, sustainable supply chain
management

Summary:

Subcontracting represents a popular business model in supply chains across
industries. In the case of hidden subcontracting, subcontractors are beyond the
visible horizon of the (focal) buying firm. Hence, buyers must rely on a cascading
effect for diffusing practices such as compliance with labor standards through their
supply networks. Motivated by the case of the Bangladeshi garment industry, we
constructed an agent-based model with buyers, first-tier suppliers, and
subcontractors as agents in a supply network in order to study the impact of network
characteristics on the diffusion of labor standards. Our model followed a power-
based diffusion rule that emphasized the coercive power that buyers use to pressure
their suppliers into adopting labor standards. This rule is a key underlying assumption
of compliance-based supplier management. Hypotheses regarding power
asymmetries through centrality and density of specific network components, as well
as structural elements of the network, such as complexity and distance, were tested
for different industry scenarios. Our analysis demonstrated that network
asymmetries have ample negative effects on the adoption of labor standards,
whereas complexity plays a minor role. Moreover, the impact of the tested structural
determinants for sustainability diffusion was found to be contingent on specific
industry types in the garment industry. This paper discusses its findings in light of
previous research on subcontracting and multitier supply chain management. Among
others, we highlight how subcontracting increases horizontal complexity at each
supply chain tier, and how intermediaries such as sustainability nexus suppliers may
crucially affect the adoption of labor standards within industries.
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The carbon footprint of foreign multinationals within the
European Union

Mateo Ortiz, Maria-Angeles Cadarso, Luis-Antonio Lépez

Keywords: carbon footprint, European Union, firm heterogeneity, foreign
affiliates, industrial ecology,multinational enterprises

Summary:

Although European countries have made great efforts to reduce their territorial
carbon emissions, global emissions are still growing. Multinational enterprises
(MNEs) operating within Europe, as transnational institutions, can make
significant contributions in translating European efforts into global emissions
reduction. Here, we estimate the carbon footprint of the foreign multinationals’
affiliates (FMNEs) operating within the European Union (EU) in 2015 as a first
assessment of the MNEs’ potential regarding European and global carbon
emissions reduction targets. Our findings show that FMNEs generate 17% of the
total carbon footprint of the EU but only 12% of the total value added. Thus, the
net impacts of FMNE are considered to be in environmental deficit because their
adverse environmental impacts are relatively higher than their positive economic
ones. Calculations are made under the assumption that FMNEs produce using
the same technology as their domestic peers; therefore, the carbon/economic
imbalance found is attributed to the FMNEs’ distribution across sectors. The
participation of FMINEs in carbon-intensive industrial sectors are remarkably high
in low-income EU members; therefore, the effective reduction of the carbon
footprint in those countries is largely conditioned by the decisions of foreign
MNEs’ headquarters. Furthermore, those countries are more vulnerable to
capital leakages in the case where a European carbon tax was to be imposed. We
conclude by discussing the economic and policy implications of the country-level
inequality of MNEs’ environmental impacts within the EU.
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Is the beneficial use of wood ash environmentally
beneficial? A screening-level life cycle assessment and
uncertainty analysis

Caroline Gaudreault, llich Lama, Derek Sain

Keywords: beneficial use, forest products, industrial ecology, life cycle
assessment (LCA), uncertaintyanalysis, wood ash

Summary:

In this paper, a screening-level life cycle assessment (LCA) approach is used to
compare the potential environmental benefits and tradeoffs of different
management options for wood ash, namely, agricultural land application, forest
soil amendment, use in forest roads, use in concrete and mortar, and landfilling.
Uncertainty analyses are used to evaluate the generalizability of the results
obtained. Although decisions regarding the selection of a beneficial use option
are site-specific and depend on available local markets and wood ash
characteristics, this study shows that it is possible to draw a few general
conclusions from the application of LCA. All beneficial use (BU) options showed
lower environmental indicator scores than those associated with landfilling, in
addition to net potential environmental benefits. From an environmental
perspective, results suggest that, only in a few situations, beneficially using wood
ash might not produce potential net environmental benefits but would still be
preferred over landfilling, and in a very few cases, landfilling would be preferred
over a BU option. For instance, net environmental benefits may be compromised
if wood ash needs to be transported over long distances before it can be
beneficially used. Out of the four BU options evaluated, the use of wood ash in
concrete to replace Portland cement showed the greatest potential
environmental benefits. However, the application of wood ash on agricultural or
forest land showed greater environmental benefits than the use in concrete in
cases where both its liming and fertilizing potentials are assumed to be achieved
at the same time.
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Toward a cell-chemistry specific life cycle assessment of
lithium-ion battery recycling processes

Marit Mohr, Jens F. Peters, Manuel Baumann, Marcel Weil

Keywords: battery recycling, environmental impact, industrial ecology, life
cycle assessment (LCA), literaturereview, lithium-ion batteries (LIB)

Summary:

On the basis of a review of existing life cycle assessment studies on lithium-ion
battery recycling, we parametrize process models of state-of-the-art
pyrometallurgical and hydrometallurgical recycling, enabling their application to
different cell chemistries, including beyond-lithium batteries such as sodium-ion
batteries. These processes are used as benchmark for evaluating an advanced
hydrometallurgical recycling process, which is modeled on the basis of primary
data obtained from a recycling company, quantifying the potential reduction of
environmental impacts that can be achieved by the recycling of different cell
chemistries. Depending on the cell chemistry, recycling can reduce significantly
the potential environmental impacts of battery production. The highest benefit
is obtained via advanced hydrometallurgical treatment for lithium nickel
manganese cobalt oxide and lithium nickel cobalt aluminum oxide-type
batteries, mainly because of the recovery of cobalt and nickel. Especially under
resource depletion aspects, recycling of these cells can reduce their impact to an
extent that even leads to a lower “net impact” than that of cells made from
majorly abundant and cheap materials like lithium iron phosphate, which shows
a more favorable performance when recycling is disregarded. For these cells,
recycling does not necessarily provide benefits but can rather cause additional
environmental impacts. This indicates that maximum material recovery might
not always be favorable under environmental aspects and that, especially for the
final hydrometallurgical treatment, the process would need to be adapted to the
specific cell chemistry, if one wants to obtain maximum environmental benefit.
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Direct and indirect vulnerability of economic sectors to
water scarcity: A hotspot analysis of the Indian economy

Shelly Bogra, Bhavik R. Bakshi

Keywords: environmental input—output analysis, industrial ecology, metrics,
supply-chain management,structural path analysis, sustainability
assessment

Summary:

Resource scarcity is capable of affecting economic activity. Though the dependence
of direct users is easily acknowledged, indirect vulnerability imposed on downstream
sectors of the economic system is not as easily understood. In the context of growing
water scarcity across India, this study maps the dependence of prominent sectors of
the Indian economy to the water-withdrawal model of India (Bogra, Bakshi, &
Mathur, 2016). From the suppliers' perspective, the results indicate that embodied
water of the largest direct water-withdrawing food sectors namely, Paddy, Wheat,
and Sugarcane (PWS) is indirectly consumed mostly by the consumptive food sectors.
However, from the users' perspective, even non-food sectors exhibit a significant
dependence on the embodied water of PWS. Further, blue-water-based structural
path analysis (SPA) of Paddy and Wheat indicate significant contributions to Land
transport, Construction, and Beverages, among others, whereas Land transport is
important in terms of green water too. The out-degree measure indicates a higher
dependence of the economy on Electricity (blue water) and Forestry (green water)
sectors. Specifically, infrastructural sectors exhibit a significant dependence on
Electricity; whereas Forestry products contribute to non-food sectors. State-wise
water-scarcity indices (WSIs) indicate higher dependence of Electricity on scarce
surface-water flows of north-western and central states, whereas forested areas in
the north and north-eastern parts of India exhibit lowest ground WSlIs. By integrating
regional flows with sectoral dependencies, it is observed that the risk to a reduction
of the economy's throughput is higher from water withdrawn by Electricity compared
to food sectors, PWS.
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Wastewater treatment system optimization with an
industrial symbiosis model: A case study of a Chinese eco-
industrial park

Wangqiu Hu, Jinping Tian, Xing Li, Lujun Chen

Keywords: centralized wastewater treatment plant, cost-savings potential,
food industry, greenhouse gasemissions mitigation, industrial park,
industrial symbiosi

Summary:

In Chinese industrial parks, the centralized wastewater treatment plant
(CWWTP) is an essential shared infrastructure to further purify the in-plant
pretreated industrial wastewater. Most of the contaminants, such as organic
matter, are removed by in-plant wastewater treatment to guarantee the safety
and efficiency of the CWWTP. Carbon source shortages are common in the
denitrification process in CWWTPs, and such issues are generally solved by
adding external carbon sources, such as glucose. Some biodegradable organics
that are abundant in industrial wastewater, such as food production wastewater,
can be utilized as the external carbon sources for denitrification. This study
proposed an industrial symbiosis-based model to optimize the wastewater
treatment system in industrial parks by reusing organic matter in food
wastewaters as the external carbon source for advanced treatment processes in
CWWTPs. A case study of a Chinese eco-industrial park is investigated to verify
the technical and economic feasibility of the model. The case study indicates that
the overall cost-savings potential of the model is approximately 6.55 million
Chinese Yuan (CNY) per year, accounting for approximately 20% of the annual
operating cost of the CWWTP. Additionally, the mitigation potential of
greenhouse gas (GHG) emissions is 5977 t CO2-eq per year, accounting for 1.7%
of the GHG emissions of the original model. Furthermore, potential barriers to
implementing the IS model and the relevant policy implications are discussed.
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Transforming the coal and steel nexus for China's eco-
civilization: Interplay between rail and energy
infrastructure

Qian Zhang, Christopher Kennedy, Tao Wang, Wendong Wei, Jiashuo Li, Lei
Shi

Keywords: deep decarbonization, industrial ecology, material flow analysis,
railway, resource nexus,sustainability

Summary:

China's 2050 high renewable energy penetration (HREP) scenario is a roadmap
for deep decarbonization. This promising strategy, deploying wind and solar
energy, will also reshape other infrastructure sectors. With decarbonization, not
only can capital be diverted away from fossil fuel infrastructure toward green
power generation, but considerable savings in future transport infrastructure
sectors could be achieved because fossil fuels no longer need to be transported.
Here, we conduct a material flow analysis with a focus on the central role of
transportation to examine the interlinkages of coal and steel flows in China's
infrastructure sectors between 1985, 2015, and 2050. We define the coal and
steel nexus to be a system perspective that captures the interdependence and
the critical linkages between these two resources. Our results show that the coal
and steel nexus in China strengthened in the past three decades but could face
transitional changes to 2050. The peak time of both coal and steel demand for
China is expected to come before 2030. Consequentially, the volume of rail
freight for the carriage of three main types of bulk cargo (coal, iron ores, and
steel products) declines from ~2,000 megatons (Mt) in 2015 to ~700 Mt in 2050
under the HREP scenario with the two-fold planned growth of railway
infrastructure. However, investment in cleaner energy and steelmaking
technologies will help China mainly rely on secondary steel resources to maintain
domestic demand in 2050, further reducing the demand for coal and iron ores.
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Material stock development of the transport sector in the
city of Vienna

Andreas Gassner, Jakob Lederer, Johann Fellner

Keywords: built environment, construction and demolition waste, industrial
ecology, material flow analysis(MFA), transportation, urban metabolism

Summary:

Societies aim to reduce primary raw material consumption, enhance waste
recycling, and reduce waste disposal. In this regard, the circular-economy
concept has gained attention and is applied in policy papers, also on the urban
level. However, to assess set targets and their achievement, a sound knowledge
of anthropogenic material flows and stocks is required. The material turnover of
transport systems has not been sufficiently investigated yet, although they have
a significant impact on overall material turnover and have a high potential for
making use of recycled construction materials. To close this gap, the present
study investigates the anthropogenic stocks and flows related to an urban
transport system, whereby both infrastructure and vehicles are included. A
bottom-up, multiyear material-flow analysis was employed to calculate the
material stock and the related input and output flows of Vienna's transport
system for the period 1990-2015. The results indicate the increasing importance
of more environmentally friendly modes of transport. The stock of motorized
individual transport has increased in absolute terms since 1990, but the stock per
capita remains unchanged at 34 t/cap, whereas the per capita stock of public
transport (20 t/cap; +8%) and of non-motorized individual transport (4 t/cap;
+10%) has increased. However, the primary source of material consumption
(>65%) is maintenance of infrastructure. This provides a potential for more
circularity because outputs and inputs are equal in terms of mass and material.
The study provides a systematic analysis for developing policy and management
options for sustainable resource-saving urban transport systems.
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Sustainability assessment of a novel micro solar thermal:
Biomass heat and power plant in Morocco

Israel Herrera, Irene Rodriguez-Serrano, Daniel Garrain, Yolanda Lechén,
Armando Oliveira
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microgeneration, multiregionalinput—output analysis (MR-I0A), solar
biomass

Summary:

Novel renewable energy technologies in the Middle East and North Africa region can
be developed through microgeneration systems aiming to supply local energy
demands in a sustainable way. In this study, we carried out a sustainability
assessment combining two reputable methodologies which have been applied to a
facility comprising a hybrid solar/biomass micro-cogeneration organic ranking cycle
system located in Morocco. We first applied a multiregional input—output analysis
where economic issues such as the production of goods and services generated in all
project's phases, as well as the added value and employment created, are estimated.
Then, environmental impacts were assessed through a life cycle assessment (LCA). In
terms of socioeconomic analysis, the total production of goods and services shows a
value of 1.18 €2015/kWh. The added value and employment creation were 0.56
€2015/kWh and 0.05 full-time employees/MWh, respectively. The levelized cost of
electricity results in 0.218 €2015/kWh and the multiplier effect amounts to 2.26. The
largest increase in sectorial output is produced in the Moroccan electricity sector and
the largest job creation takes place in the agriculture sector from the biomass supply.
Regarding environmental results, LCA shows a climate change potential of 11.8 g CO2
eg/kWhel, of which more than 70% comes from the boiler operation and specifically
from the emissions due to biomass transportation. These results can help in
promoting micro solar-biomass systems in Morocco as they identify the
socioeconomic and environmental benefits that can counterbalance the higher costs
of such systems compared to fossil technologies.



