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Welcome to icRS 2021: Role of resources in a circular economy
Sustainable development depends on significant improvements in the efficient use of resources. It
requires a holistic global life cycle perspective from producers to end consumers, especially in a closed
loop fashion. Consequently, communities, governmental and business organisations have sought
methods for the reuse, recycling, remanufacturing and recovery of products and materials, thereby
extending their useful life and reducing quantities of waste.
The United Nations’ Sustainable Development Goals (SDGs) target “doing more and better with less”,
which means that decreasing resource utilization, degradation, and pollution along the entire life cycle,
together with an increase in lifestyle quality, can improve the social benefits of economic activities. The
resulting paradigm shift has been popularly and broadly termed as the circular economy (CE).
The series of International Conferences on Resource Sustainability (icRS), sponsored by Resources,
Conservation & Recycling journal, allows researchers and practitioners to exchange ideas on latest
development in resource sustainability. icRS 2021 aims to provide rich opportunities for collaboration
between researchers and industrial practitioners in order to advance the critical role of resources in CE
as it pertains to underdeveloped, developing and developed economies.
The conference will include keynotes and invited speeches, oral presentations, and poster sessions. The
information
about
publishing
the
journal
proceedings
can
be
found
here:
http://icrs2021dublin.ucd.ie/Sub/publication.html
We are looking forward to meeting you.

Prof. Pezhman Ghadimi
Conference Chair

Prof. Michael Gilchrist
Conference Co-chair
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Prof. Ming Xu
icRS General Chair

Day 1 Session 1: Reuse, Remanufacturing and Recycling
1
574: Reverse Logistics Sustainability Performance Assessment Framework
Maquele Antunes de Oliveira (presenter), Mariana Chieregato, Juliana Veiga Mendes
1. Introduction
Environmental concerns have instigated studies introducing this theme on the corporate
scenario in order to have financial investments, organizational efforts and competitive advantages.
These aspects are addressed in the conceptual framework of sustainability, which seeks to relate
environmental, economic and social aspects, known as triple bottom line, in a balanced way, mediating
possible conflicts between them. (Elkington, 1999)
The concern with sustainability has increased companies' awareness of the importance of
reverse logistics (RL) and it’s opportunity as an competitive advantage that needs to be strategically
managed through performance measures that contribute to monitoring the performance the practices
adopted by these organizations.(Hall, Huscroft, Hazen, & Hanna, 2013)
Traditionally, RL is characterized in stages, such as collection, selection and analysis, processing and
final disposal. (Rogers; Tibben-Lembke, 2001). The limited number of frameworks on the analysis of
sustainability performance in RL that explain in which of the stages of RL that the indicators should be
applied was the motivation to construct an updated model.
Thus, this paper aims to fill this gap by conducting a systematic review on sustainable
performance indicators for LR and a framework with the indicators classified by stages of the RL.
2. Method
The bibliometric research was conducted by the planning, collection, preparation of material
and combined analysis of information. The Web of Science database and the VOSviewer software were
used to create maps for bibliometric network analysis with the keywords of the 471 articles found.
The systematic review was conducted using the string search TS = (“Reverse Logistics” AND
(metrics OR measures OR indicators)) and the adoption of exclusion criteria to filter nine final articles
that focused on performance indicators for the sustainable aspects of RL. The indicators were classified
according to the tripod of sustainability into economic, environmental and social and used to construct
a framework with indication of each phase of the RL process that they should be implemented.
3. Results and discussion
Performance evaluation of the RL is a growing theme in the literature, with over 73% of 13643
citations and 59% the 471 publications made on the last four years.
The cloud of keywords generated by VOSviewer software revealed two research focuses: one
indicates sustainability performance of RL as a strategy in supply chain management, relating impacts
and competitive advantages involving environmental and social aspects. The second presents
optimization models for the supply chain, based on algorithms and operational research, considering
remanufacturing processes and measuring the returns considering uncertainties.
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The indicators identified were used to construct the framework according to the stages of the RL
process as collection, analysis and classification, processing and final destination. The proposed
framework has 53 indicators, 32% (17) economic, 31% (16) environmental and 38% (20) social.
4. Conclusion
The scenario of scientific production on reverse logistics performance is on the rise. The
systematic review revealed a lack of performance frameworks specific to RL that integrate sustainable
aspects into their proposals and present the RL stages to be applied. Thus, this article has filled this gap
in order to help managers of this companies apply these indicators, contributing to a better
understanding of the performance related to the sustainable aspects of their processes.
5. Acknowledgements
We would like to thank the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
(CAPES)- Brasil for financial support.
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The variety of electrical and electronic devices that rapidly appear on the market and reach end-of-life
soon after makes e-waste management a challenging task. While some world regions have already
adopted end-of-life management strategies such as extended producer responsibility, many others
have not. Due to regional variation in social, cultural and political systems, strategies have to be adapted
to fit the local context. Mexicali, a city located near the US-Mexico border, has faced several challenges
related to adopting an integrated e-waste management system. Thus, the main objective of this work
is to propose a system to be implemented in phases. The current approach is evaluated using several
methodological approaches including field studies, surveys, interviews, and quantitative modeling via
material flow analysis. The main findings demonstrate the importance of the informal sector in the
electronics reverse supply chain and the need to integrate both the formal and informal sectors to
achieve the optimal system. Thus, without supplanting the current reuse, refurbishment, repair and
maintenance practices, a hybrid system is proposed based on a centralized facility that primarily
handles those parts or materials that create the environmental impacts and health hazards if
mishandled. Furthermore, a decentralized transition phase towards the new system is recommended.
Keywords: e-waste, WEEE, informal sector, environmental impacts, Mexico

657: Comparative life cycle analysis for critical materials recovery from spent Li-ion
batteries
Ehsan Vahidi and Seyed Kamal Mousavinezhad
Department of Mining and Metallurgical Engineering, Mackay School of Earth Sciences and Engineering,
University of Nevada, Reno, NV 89557, United States
Abstract:

Recent studies predict a global demand for rechargeable Li-ion batteries of $129 billion by the year
2027. Developing new generations of electric vehicles is expected to drive the growth of Li-ion
batteries’ global market. Given that the United States is globally competitive in the downstream supply
chain in cell and battery pack manufacturing, this country is one of the main buyers of refined cathode
powders. Having a dependency to manufacture batteries has a huge impact on the prices and puts
recycling in the spotlight. Therefore, it is imperative to develop means of both diverting these batteries
from the solid waste stream and recovering critical materials from spent Li-ion batteries to meet
growing future demand. Recovery of critical and strategic materials from Li-ion batteries is a crucial
step towards a circular battery economy, stabilization of a supply chain for critical and strategic
materials, and establishing a sustainable closed-loop materials utilization scheme.
To recover valuable metals such as Li, Co, Mn, and Ni from spent Li-ion batteries, some typical
hydrometallurgical and pyrometallurgical processes have been proposed in the literature.
Pyrometallurgical methods are efficient and fast but cost-intensive due to high energy demand, and
nearly always release hazardous chemicals into the environment. Compared to pyrometallurgical
processes, hydrometallurgical methods need less energy, but they are generally more expensive and
may require rather extreme conditions of temperature, pressure, and chemical environment and as a
result, reducing environmental footprints of hydrometallurgical recovery processes becomes critical.
Therefore, generating knowledge needed for a life cycle assessment (LCA) framework that is capable
of predicting potential environmental consequences of critical materials recovery from spent Li-ion
batteries is essential.
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This study aimed to analyze the environmental impacts associated with various hydrometallurgical
methods utilized in the recovery of critical and strategic materials from Li-ion batteries’ cathode powder
using LCA. Previous studies on the leaching of cathode powder using inorganic or organic acids showed
that both reagent types can recover critical and strategic materials at efficiencies higher than 90%.
According to this investigation, acetic acid, formic acid, maleic acid, and DL-malic acid demonstrate
lower impacts compared to lactic acid, ascorbic acid, succinic acid, and citric acid. Among inorganic
acid, nitric acid and hydrochloric acid show higher environmental impacts compared to sulfuric acid.
Furthermore, the results of this study indicated that leaching with some organic acids such as citric,
succinic, and ascorbic acids will lead to higher environmental impacts in most environmental categories
compared to inorganic acids like sulfuric and hydrochloric acids. Therefore, not all of the organic acids
utilized in the leaching of critical and strategic materials from cathode powder can enhance
sustainability in the Li-ion batteries recycling process. However, organic acid leaching of cathode
powder using formic, acetic, and DL malic acids can significantly improve the environmental
performance of the recovery process in most environmental categories. The results of this investigation
provide a more accurate picture of various hydrometallurgical processes and their associated
environmental footprints and help us develop an environmentally and economically sustainable
method for the recovery of critical and strategic materials from spent Li-ion batteries.

153: Blending use – maximize the benefit from using recycled materials in construction
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It is well known that using recycled materials in construction can result in environmental and economic
benefits including waste reduction, cost efficiency and natural resource conservation, therefore,
reduction of greenhouse emissions. However, most of the research and practical uses have focused on
a single recycled material and checking if the use in technically sound and its practicality for use in a
target end-product. Recent studies have found that blending use of two or more recycled materials
can modify and enhance the physical, mechanical properties and the performance of end products.
The potential exists to use multiple recycled materials in a single application to get better modified
technical properties. From technical point of view, the goal to explore blending use is to solve the
problems, can 1 + 1 > 2, 1 + 1 = 1; and 1 + 1 = 0? Or in other words, this is to make the following
happens when use multi-recycled materials:
1 Advantage + 1 Advantage > 2 Advantage
1 Advantage + 1 Disadvantage = 1 Advantage
1 Disadvantage + 1 Disadvantage = 0 Disadvantage
Because the inherent properties of recycled materials vary, the right combination of them can create
better composite end materials than by using a single material. Therefore, the goal of blending use is
to minimize the disadvantages of each individual recycled material and maximize the advantages of the
recycled materials and end products to open an avenue to comprehensively use recycled materials and
develop wide range of environmentally acceptable, technically sound, and economically viable uses.
This paper elaborates the use of recycled concrete aggregate, steel slag, fly ash, and shredded scrap
tire rubber in concrete and granular base course and the modified physical and mechanical properties
of the end products.
Shredded scrap tire rubber (STR) and EAF slag are used in this study. Steel slag possesses higher unit
weight which has been an inhibitor in use in concrete even it provides higher strength. STR has lighter
unit weight, with elastic characteristic, but lower strength. The results in the pioneer study show the
blending use of the two recycled materials with RCA can balance the disadvantages and enhance their
advantages. This result encourages the idea of blending use of multiple recycled materials in future
research.
One of the reasons to select the EAF slag and STR include that (i) both materials are locally available
processed recycled materials in North Carolina; (ii) steel slag possesses excellent mechanical properties,
however the density of EAF slag is heavy in nature. STR has notable lighter weight. Blending use of
them with RCA in nonstructural concrete may modify the properties of the concrete; (iii) EAF slag can
contribute concrete strength, however it is may be volumetrically expansive prone. Adding STR may
eliminate potential expansion; and make similar strength concrete containing natural aggregate and
similar unit weight; (iv) by adding appropriate amount of STR, elastic energy ratio of the concrete may
change to make the concrete is less brittle; (v) the elastic nature of rubber would allow certain
expanded volume in steel slag (if any) to be absorbed if used as bound and unbound applications.
The results show that elastic energy ratio of the concrete make the concrete less brittle using brittleness
index while the strength is kept the same, the elastic nature of rubber absorb certain expanded volume
in steel slag, and permanent deformation of granular base cane be reduced.
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240: Closing the material loop in additive manufacturing: A literature review on waste
recycling
1*

Yiran Yang, 23Fu Zhao
Department of Industrial, Manufacturing, & Systems Engineering, University of Texas at Arlington,
Arlington, TX, 76019 USA
2
School of Mechanical Engineering, Purdue University, West Lafayette, IN, 47907 USA
3
Environmental and Ecological Engineering, Purdue University, West Lafayette, IN, 47907 USA
*
Corresponding author. Email: yiran.yang@uta.edu
1

Abstract. Additive manufacturing (also referred to as 3D printing) technologies have found applications
in a wide range of industries such as aerospace and automobile, due to their superior manufacturing
capability and design freedom enabled by the layer-wise fabrication method. Over the past decade, the
adoption of additive manufacturing has evolved from rapid prototyping and tooling to rapid
manufacturing of end-use products, which, on the other hand, introduced new challenges for reducing
the environmental impacts and enhancing resource sustainability of additive manufacturing from a
lifecycle perspective. In current literature, some research efforts have been conducted on waste
recycling aiming to close to material loop and relieve the environmental consequences caused by both
pre- and post-consumer wastes generated from additive manufacturing. This article provides an
overview of the state-of-the-art on additive manufacturing waste recycling and identifies critical gaps
for future research in this field.

Keywords: Additive manufacturing; Recycling; Closed-loop material flow; Environmental impact;
Resource sustainability.
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Abstract. Due to concerns with the environment and the transition of a linear economy model towards
a circular one, the boom market of reused building components is getting more importance than ever
before. Reuse of building components has been identified as a very effective alternative to maximize
products' utility and value through several life-cycles. The aim of this study is to present a framework
for improving the efficiency of the supply chain for reused building components through the integration
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of emerging technologies. This study helps to better understand the dynamic inside the supply chain
for reused components in a Circular Economy context and the key role of advancements in technology.
The transition towards circular supply chains models is an urgent need for the future development of
human settlements. A correct supply chain model for reused building components has the potential of
reducing the current inefficiencies inside the construction life-cycle model.

Keywords: circular supply chain, building components reuse, building marketplace platforms, green
design, circular economy.
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Abstract. The objectives of our study were to evaluate i) the soil fertility and fractionation of Ba, Cd, Cu,
and Zn in the topsoil layer (0-0.20 m depth); and ii) production and concentration and accumulation of
Ba, Cd, Cu, and Zn in the components of Eucalyptus trees at 36 months after sewage sludge (SS)
application, with or without mineral P fertilizer, compared to mineral fertilization. Application of SS (at
N criteria) with P increased soil organic matter and heavy metal concentrations, which were mostly
bound to the oxidic and organic matter fractions. SS provided Eucalyptus production and heavy metal
concentrations and accumulation in the trunk, branches, and leaves similar to mineral fertilization for
high wood production. The application of SS (at N criteria) supplied with P increased soil heavy metal,
fertility, and Eucalyptus production, without risk of environmental contamination.

Keywords: Biosolid. Forest management. Organic fertilizer. Potentially toxic elements. Sequential
extraction.

247: Carbon sequestration using kimberlite and its potential to reduce cement usage in
building materials
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The cement industry has been ranked as one of the largest carbon dioxide (CO2) emission sources, contributing
to 5-7% of global anthropogenic CO2 emissions (Chen, Habert, Bouzidi, & Jullien, 2010). The demand for cement
continues to rise due to urbanization in developing countries (Szabó, Hidalgo, Ciscar, & Soria, 2006), and this in
turns induces increased CO2 emissions. Hence, alternate materials that can substitute cement in the construction
industry must be considered. To this end, the valorization of kimberlite, which is a mineral waste that results from
diamond mining, appears to be a suitable candidate for this purpose. The superficial deposition of kimberlite
tailings can affect the soil quality, pollute natural water source, and disturb ecosystem. On the other hand, this
material can be used as the alkaline earth metal source for mineral carbonation, which is a safe process that can
permanently sequester CO2 as precipitated stable carbonates. The purpose of this research was to evaluate the
potential of kimberlite to sequester CO2 through accelerated mineral carbonation, under energetically mild
reaction conditions (moderate temperatures and ambient pressure), and examine the feasibility of the
carbonated kimberlite to partially replace cement in concrete bricks.

The kimberlite was provided by a diamond mining processing company, De Beers which was sampled at Gahcho
Kué Mine, Northwest Territories, Canada. Kimberlite was originally in a sludge form, which was dried in an oven
for 24 hours at 50°C. Two accelerated mineral carbonation methods were compared: slurry and thin-film
carbonation. The operational conditions assessed for slurry carbonation were reaction time (1, 2, 4 hours) and
temperature (40, 50, 60 °C). The dried kimberlite was mixed with ultrapure water and stirred with a mechanical
stirrer (400 rpm) in a beaker placed on a hot plate. A CO2 injection tube was submerged in the slurry, regulated
with a rotameter, and thermometer was placed to monitor the temperature. After the reaction time, the slurry
was filtered and dried in an oven. For characterization, pH, calcimeter, loss-on-ignition, and XRD analyses were
conducted to quantify and identify formation of carbonates. For thin-film carbonation, the operational conditions
assessed are moisture content of kimberlite (10, 15, 20 wt%), CO2 content within incubator (10, 15, 20 vol%), and
temperature (35, 50 °C). The dried kimberlite was prepared with moisture content of interest then put in the CO2
incubator. Every 24 hours, for 6 days in total, the reacted kimberlite was sampled and dried in an oven. For
characterization, pH, loss-on-ignition, and XRD were also carried out.

The results of the analyses of both carbonation methods indicated that kimberlite has the potential to capture
and sequester CO2, while their effectiveness can be optimized through further study. It should be noted that the
CO2 sequestration was achieved through mild carbonation, which requires relatively low energy-use and thus aids
in maximizing net CO2 sequestration during mineral carbonation. In order to test the capability of the end-product
of the reaction to be used as a building material, cement and kimberlite were mixed with a ratio of 9:1, combined
with standard amounts of sand and water, then cast into bricks using molds. These bricks were compared to
control bricks that were casted without kimberlite. For analysis, initial water absorption and compressive strength
were tested. The results showed that the kimberlite can be used to produce concrete bricks with a cement
replacement percentage less than or equal to 10%. Figure 1. shows the bricks made during the experiment and
compressive strength testing of them.
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Figure 1. Bricks produced through casting and testing of the brick; a) brick mold with concrete mix
(cement:kimberlite=9:1), b) bricks with kimberlite, c) control bricks, d) compression testing of the bricks.

Keywords: carbon dioxide sequestration; kimberlite tailings; mineral carbonation; building materials; waste
valorization.
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Abstract
Mismanaged plastic waste is a global environmental crisis, and the problem is particularly acute in
economically developing countries and infrastructure lacking regions of the world. Unfortunately,
plastic waste management approaches that work in industrialized economies are often inappropriate
for developing ones. Due to current socio-economic condition of the developing world, the
management of the growing plastic waste crisis is particularly challenging. In order to be successful,
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waste plastic management strategies must consider the particular needs of local communities.
Collection, sorting and recycling methods that are common in OECD nations are not accessible
everywhere. Therefore, waste management approaches must be developed with the local community
in mind. One potential solution is the conversion of polyolefin plastic waste into Plastic Derived Fuel Oil
(PDFO) by slow pyrolysis. This technology can be adapted for use in infrastructure or resource limited
communities by applying the principle of Appropriate Technology.
Appropriate technology (AT) is simply technology suitable for a specific region, designed to meet
specific needs of certain individuals or communities. It differs from industrial scale processes in the
sense that AT is specifically intended to be used in rural or underdeveloped regions. AT is low-cost,
small-scale, easy to construct, and can be operated by individuals with limited formal technical
education. The purpose of AT is not to reproduce industrial technology on a small scale; instead, it is to
design specific solutions based upon the resources available in a given region or for a given community.
Therefore, AT based solutions often require trading industrial scale efficiency for simpler approaches
that still meet the overall goals of the projects.
This contribution will describe the construction and implementation of a low-cost, AT inspired process
for converting polyolefin plastic waste into a sulfur-free liquid fuel that is suitable as a replacement for
diesel fuel or kerosene. The goal of this AT based process is to convert plastic solid waste into a liquid
hydrocarbon fuel in rural or underdeveloped regions where solutions to waste accumulation are few
or non-existent. A case study of the implementation of this technology in Kampala, Uganda will be
presented. This project is a collaboration among the University in the United States, Makerere
University in Uganda, and the NGO Engineers for Sustainable Energy Solutions.
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Abstract
Forest biomass contributes to a significant portion of Brazil's domestic energy supply. Although there
are forest plantations carried out exclusively for biomass production for energy generation, byproducts
and residues of forest-based industrial activity have been increasingly used as fuel for energy purposes.

The concentration of forest-based industries in certain regions contributes to the formation of
industrial poles for the forest products generation. In these places, there is an industrial arrangement
with several branches that interrelate among themselves aiming to harness local forest resources.
Those agglomerations of companies may present characteristics of a cluster or industrial ecosystem,
which symbiotic relations resulting from cooperation for the use of virgin raw material, and byproducts
and residues tend to promote the circularity and greater eco-efficiency of the ecosystem.
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The objective of this work was to study an industrial ecosystem located in the Southern of Brazil,
considering the evolution of the quality of the raw material supplied for the conversion into energy and
to analyze the relationships between the companies, aiming to identify the wood waste use towards
the closure of the production cycle and its consequences on environmental impacts and eco-efficiency
indicators.
The research was conducted considering the forest-based industries located in Lages region, in the
state of Santa Catarina, Brazil. This region is considered an important forest industrial pole and it
includes companies from different branches of the productive complex, such as the pulp and paper
industry, panels, logging companies, energy cogeneration plants and other kinds of wood processing
companies. Data were collected through interviews, questionnaires and on-site observation of
production processes in 24 companies that constitute the industrial ecosystem. Biomass quality data
from 50 suppliers of an electric power cogeneration unit were also used, totalizing 4328 biomass
samples over a 10-year period of operation, enabling the evaluation of quality parameters and
obtaining eco-efficiency indicators.
The results indicate that there is a strong industrial symbiosis related to the utilization of industrial
wood processing byproducts and wood waste. The main byproducts are tree bark, wood chips, and
sawdust, as well as other wood waste from wastewater treatment plant (WWTP), black liquor, and
truck cleaning, mainly used for thermal and electrical power generation. The analysis of biomass quality
indicated a significant reduction in moisture and ash content over the last 10 years, during which time
the use of biomass for energy use has intensified. These results demonstrate that there was a
restructuring of the sector due to new possibilities of using byproducts and wood waste for energy use.
The utilization of these byproducts generates savings of virgin raw material and contributes to the
reduction of environmental impacts. Indicators point out to an evolution of eco-efficiency in electricity
production per ton of biomass, from 0.30 MWh t-1 in 2010 to 0.48 MWh t-1 in 2019, as well as lower
ash production, from 0.30 to 0.08 t MWh-1 in the same period.
Therefore, it can be concluded that this industrial pole is an industrial ecosystem restructuring itself
towards the Circular Economy model, aiming at the use of byproducts and production residues for
energy recovery, strengthening its symbiosis relations with positive effects on the environment and on
the Brazilian energy sector.
Keywords: Forest Biomass, Industrial Ecosystem, Eco-efficiency, Industrial Symbiosis, Circular Economy.
Sustainability.

49: Risk, disgust, and consumer perception regarding the use of human urine-derived
fertilizers for agriculture
Alex Segrè, Cohen Nancy Love, Joe Árvai
Introduction: A major sustainability challenge is enhancing the efficiency of nitrogen (N) and
phosphorus (P) cycles. These nutrients are vital ingredients in fertilizer and are essential to feeding the
world’s population. Unfortunately, the vast majority of N & P nutrients added to food crops do not end
up on the food table, and are lost through various inefficiencies that occur during food production.
Furthermore, the vast majority of N & P that flows into communities is in the form of food, yet these
nutrients leave communities via the environment in reactive forms via waste flows that come
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predominantly from wastewater treatment plants and solid waste streams. Furthermore, there is
significant energy inefficiency associated with N conversion to fertilizer (Haber-Bosch process), N & P
conveyance as fertilizer, and environmental hazards from the waste products of fertilizer production
(via energy production and mining of phosphorus ore). Considering these global challenges to nutrient
production, transport, and use, the development of technologies, market flows, and regulations that
support the recovery and recycling of N & P from consumer-produced waste streams is drawing
attention.
Given the shift in the world population toward urban dwelling, there is a particular focus on capturing,
processing and reusing nutrients from human urine, which contains over 80% of the N and 60% of the
P that would otherwise be sent after dilution (typically with potable, drinkable water) to wastewater
treatment plants. In the U.S. today, less than 21% of P and 11% of N from human wastewater is being
captured and processed for reuse. Removing most of the N & P from human waste streams will allow
wastewater systems to focus on energy capture and CO2 reduction, and for N & P to be processed as a
separate and concentrated stream toward beneficial fertilizer commodities.
While several technologies for creating human urine-derived fertilizer (UDF) are evolving rapidly and
successfully, implementing it at scale will depend upon public acceptance. Several psychological
variables may predict consumers’ acceptance of emerging technologies related to the production of
food, and we assume to the case for UDF. Therefore, we examined the degree to which perceptions of
risk and benefit, disgust, value orientations, and perceived naturalness influence U.S. consumers’
acceptance of fertilizer derived from human urine, and that is used to grow foods for human
consumption. We also evaluated the relative acceptability of UDF when compared to other fertilizer
types.
Methods: Participants in this research were U.S. residents recruited from a representative internet
panel. We applied quasi-random quota sampling to assign participants to one of four treatments based
on fertilizer types: (1) human UDF; (2) organic fertilizer; (3) inorganic fertilizer; or (4) biosolids-based
fertilizer. Identical survey instruments were shown to every participant, regardless of treatment group.
We used analysis of variance with Tukey’s post-hoc comparisons to detect differences between
treatments across the main study variables: perceptions of naturalness, risk and benefit, and ratings of
acceptability. Finally, we used linear regression to understand the extent to which the study variables
and respondent demographics explained participants’ judgments about the acceptability of UDF.
Implications and Conclusion
• It is possible to produce UDF but taking this technology to scale will depend on public acceptance.
• Consumers preferred UDF more strongly than inorganic fertilizers and was not preferred as strongly
as organic fertilizers.
• UDF was most acceptable when used on non-edible plants, and least acceptable when used on
crops for human consumption.
• Perceived risks and benefits were the strongest predictors of UDF acceptance by consumers.
• Future research is needed to understand if risk communication efforts can mitigate potential
concerns about, and increase consumer acceptance of, UDF.
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600: How much non-hazardous industrial waste was generated in the US: Estimation at
a high resolution
Xiao Li
Non-hazardous industrial waste (NHIW), primarily consisting of manufacturing process residues, has
long been overlooked in waste reporting, regulation, and reuse. This situation persists even though
substantial life-cycle environmental benefits can be generated from reusing the waste as a substitute
for primary material and energy inputs in a variety of industrial and construction contexts. Limited
information about NHIW generation in the United States and around the world has impeded the
systematization of waste management and circular economy efforts to move towards a resourceefficient economy. To address this key knowledge gap, we propose a tractable and reliable
methodological framework with an estimation equation that decomposes the quantity of waste
generated in a specific industrial sector, location, and year into two factors: 1) the activity level; and 2)
the unabated waste intensity factor of the given sector, location, and year. We then demonstrate the
execution of this framework with a case study of spent foundry sand, employing carefully-screened,
high-resolution economic and waste statistics to calibrate equation parameters and complete the
estimation and uncertainty analysis. The methodological framework is applicable to the United States
and other countries in the world. Our research can support retrospective analyses, forecasts, reuse
potential and benefits assessments, and optimization studies of NHIW at high resolutions, thus
informing and enabling systematic circular economy strategies to maximize the social benefits from
waste reuse.

Day 1 Session 3: Transportation Systems 1
735: Identifying the key predictors of electric vehicle adoption
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Battery electric vehicle (EV) adoption has increased over the past decade, and many governments have
committed to future targets of zero-emission vehicles. This rise can be attributed to the expectation
that EVs will reduce greenhouse gas emissions. Indeed, much of the research on EV adoption has
focused on life-cycle analyses, potential economic or environmental benefits, or people’s preferences
for purchasing an EV. However, the energy transition needed for transportation to switch from
petroleum to the electric grid presents a challenge for governments and utilities to prepare
infrastructure for the new technology.
Transportation electrification creates new infrastructure interdependencies and risks. For
example, as the transportation infrastructure becomes more dependent on the electric power systems,
grid inadequacy and power outages could cascade into the transportation sector and restrict mobility.
Governments and utilities need to understand expected EV adoption to manage the increased
electricity demand to prevent blackouts.
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The literature on EV adoption has primarily focused on the household-level factors related to
adopting an EV. In one study of citizens in the European Union, demographic variables like employment,
education, and income were found to be influential in EV adoption (Almeida Neves et al., 2019).
Another study identified vehicle features such as battery range, vehicle reliability, and vehicle
acceleration to be important factors (Higueras-Castillo et al., 2020). Nevertheless, the scope of such
studies is not conducive to identifying system-level relationships, which are critical for grid planners
and operators as well as government officials to ensure a smooth transition to transport electrification.
Jia and Chen (2021) demonstrated that different scopes reveal differing relationships in EV adoption.
Since infrastructure risks are at a regional scope, regional studies are necessary.
The regional studies to date have primarily harnessed linear models, exploring a predictor set of
generally fewer than 10 variables. Moreover, most regional studies have either considered only a few
states or compared several countries. We address these gaps by exploring a more comprehensive set
of predictive variables and by rigorously testing various parametric and non-parametric models to
identify the key predictors of EV sales across all 50 US states. Specifically, our study includes over 30
predictor variables ranging over the last decade. We tested and compared the accuracy of several
models including generalized linear models (GLM), LASSO and ridge regressions, generalized additive
models (GAM), ensemble-of-trees, and support vector machine (SVM). We hypothesized that the
number of charging stations, the cost of electricity, and the number of state incentives for alternative
fuel vehicles would be important variables for prediction purposes based on the results from previous
regional studies.
Our preliminary analyses revealed that GAM outperformed all other models in terms of
predictive accuracy. We found previously identified variables such as the number of charging stations
and the number of incentives as important predictors of adoption. We also found that vehicle miles
travelled, solar and wind energy generation, and the number of owner-occupied houses in the state
influence EV adoption. Our results have important implications for policymakers and infrastructure
operators to ensure a risk-informed transition to electrifying the transportation sector.

736: Assessing impacts of COVID-19 on sustainability of shared e-scooter system: A case
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With its rapid growth, shared e-scooter system is playing an increasingly important role in urban
transportation, thanks to its convenience and easy accessibility. Although being viewed as a promising
green transportation mode, shared e-scooter system cannot guarantee to obtain emission reduction
benefits. Greenhouse gas (GHG) emissions could be generated during e-scooter reposition process
(e.g., collecting and redistributing scooters) conducted by automobiles, which depends on the spatial
distribution of e-scooter trips and e-scooter fleets. Emissions may also be generated from power
consumption for charging e-scooters, which depends on the trip demand. The emission reduction
benefits can only be obtained by substituting carbon intensive modes (e.g., private car) or integrating
with other modes (e.g., serving the first-/last- mile trips for public transit). But the mode substitution
relies on individual’s travel behavior and mode choice. Therefore, assessing the environmental impacts
of shared e-scooter system, considering both emission generation and reduction, requires an analysis
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on real-world e-scooter travel patterns and riders’ travel behaviors. However, the COVID-19 pandemic
has significantly changed the travel demand and travel behaviors for all transportation systems,
including shared e-scooters. In some cities, shared e-scooter has become an important mode for
commuting trips during COVID-19 because of the high risks and concerns of infection in transit vehicles,
causing transit users to switch to use shared e-scooters. In some other cities, shared e-scooter usage
has dropped significantly due to lock down policies and the shared e-scooters may generate more
emissions from the reposition process than the reduction benefits they can offer. The role that shared
e-scooters played in urban sustainability could be altered by the changes of trip patterns, reposition
demands, and riders’ mode choice patterns throughout different lockdown stages. The environmental
impacts of shared e-scooter system before-and-after COVID-19 require a critical investigation on the
system travel pattern and travel behavior changes to support its future sustainable development.
This study assesses the environmental impacts of shared e-scooter system in Indianapolis, IN, by
analyzing the travel pattern and travel behavior changes based on three-year e-scooter trip data that
cover before, during, and after COVID-19 periods. This study proposes a data-driven modelling
framework that includes a life cycle assessment (LCA) model to evaluate GHG emissions from reposition
vehicle usage and power consumption for e-scooter charging. In addition, a simulation model is
developed to quantify the mode substitution, considering the historical travel patterns and spatialtemporal relations of e-scooter trips with transit infrastructure, to estimate modal shifts from public
transit, private vehicle, and walking, as well as the potential emission reductions. We will present the
environmental impacts of the shared e-scooter system before, during, and after COVID-19, and quantify
the impacts of COVID-19 on e-scooter trips’ spatiotemporal patterns and riders’ travel behavior.
Preliminary results show that shared e-scooters are less likely to replace transit but more likely to
replace private vehicle during COVID than before, due to the reduced transit service, which could
benefit the emission reduction, and such pattern even continues after lifting lockdown. Insights from
this study can help inform decision making to develop more sustainable and resilient shared e-scooter
system.

748: Green supply chain management with different carbon policies
Dr. Mandeep Mittal
Head and Associate Professor
Department of Mathematics, Amity Institute of Applied Sciences,
Amity University Uttar Pradesh, Noida, U.P., India-201303.
E-mail: mittal_mandeep@yahoo.com, mmittal@amity.edu

Since last couple of decades, environmental issues have been increasing and traveling faster than forest
fire, country to region, region to world level territory, which is a serious cause of climate change and
global warming. Human activities are directly and indirectly responsible for emissions of greenhouse
gases. As per the Third Assessment Report (TAR) of the Intergovernmental Panel on Climate Change
(IPCC), the atmospheric concentration of greenhouse gases (GHGs), namely, carbon dioxide (CO2),
methane (CH4) and nitrous oxide (N2O) has increased by 29, 150 and 15 percent, respectively in last
100 years (Houghton et al., 2001). US, China and India are the leading countries who are responsible
for almost three-quarter of the world’s GHG emissions. The drastic outcomes due to carbon emission
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include extreme weather events, such as floods, landslides, cyclones (hurricanes/typhoons), but also
adverse effects on human health. Supply chain and logistics activities including transportation,
consumption, production and storage accelerate the Greenhouse gas emission (GHS). After
establishment of GHG emission regulation by the Kyoto Protocol in 1997, environmental sustainability
awareness has increased at all levels of society worldwide (Noh and Kim, 2019).
In this talk, carbon policy based on cap-and-trade principle has been formed for green supply chain
models. Carbon tax and cap-and-offset are effective emission regulatory policies which are widely used
to reduce the carbon emission. This triggered the idea of incorporating carbon emission in the supply
chain models which results in reduction in greenhouse gas emission. An integrated three-echelon green
supply chain inventory model is proposed with carbon emissions due to production, transportation,
warehousing, and disposal of the deteriorating items. The manufacturing process may consist of a
certain number of imperfect quality items, therefore, to prevent the delivery of such imperfect items,
the manufacturer conducts a 100% quality check and separate the defective and non-defective items.
A third-party logistics company (3PL) supports the transportation between the manufacturer and the
buyer following the single setup, multiple delivery (SSMD) system where, transportation of products
from the manufacturer’s factory to the 3PL’s warehouse, and then from the 3PL’s warehouse to the
buyer’s warehouse in multiple equal-sized deliveries takes place. Further, the solution procedures are
devised to find the best optimal policy for the green supply chain. Numerical example and a sensitivity
analysis are presented and explained with the help of graphic representation. The proposed models
determined the number of deliveries, delivery interval, and delivery quantity between the 3PL and the
buyer. The objective is to minimize the total expected cost, to reduce the total carbon emissions, and
to determine which carbon regulation policy will be best for the three-echelon green supply chain.

732: Comparative Life Cycle Assessment of Li-Sulfur and Li-ion of batteries for electric
vehicles
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Abstract. Lithium-sulphur (Li-S) batteries have emerged as a promising battery technology, with a
higher theoretical capacity and energy density than Lithium-ion (Li-ion) batteries used today. Moreover,
due to their chemical composition, Li-S batteries presumably present a lower environmental profile
compared to Li-ion ones. To verify this statement, this study performs life cycle assessment (LCA)
analyses Li-S battery cells that have been scaled up accordingly to estimate their performance as a
battery for electric vehicles (EVs). Also, this technology will be compared to li-ion. This comparison will
provide us with the impact of each batteries and the reduction by categories of the environmental
impact with Li-Sulphur technology.
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222: Developing Sustainable Bike Share Systems
Hua Cai1,2* , Hao Luo2, Zhaoyu Kou1, Fu Zhao2,3
1. School of Industrial Engineering, Purdue University, West Lafayette, IN, U.S.
2. Environmental and Ecological Engineering, Purdue University, West Lafayette, IN, U.S.
3. Mechanical Engineering, Purdue University, West Lafayette, IN, U.S.
Bike share is viewed as a sustainable transportation mode and has been gaining popularity in many
cities. However, having a bike share system, regardless of a station-based, dockless, or a hybrid one,
does not guarantee that it is sustainable and provide environmental benefits. Many factors, including
the bike and station material manufacturing and disposal, the bike rebalancing using automobiles, and
the transportation modes replaced by the bike share trips, determine whether a bike share system is
making contributions in reducing the transportation energy use and emissions. Existing research
evaluating the life cycle environmental performance of bike share systems often has two limitations: 1)
relying on system average data instead of program specific data and 2) focusing on the existing system
setup instead of optimizing the system design and operation. However, different bike share programs
in different cities have different number of bikes and stations, are operated with different rebalancing
strategies, and have different pricing models that may impact the bike share usage and transportation
mode substitution. It is important to conduct life cycle assessment on bike share systems using program
specific data. Additionally, the existing system may not have the most suitable setup for the city.
Because bike share is still an emerging transportation mode, the quota on how many bikes an operator
can place in a city is often developed based on simple rules and lack scientific support. Evaluating how
different system design and operation setup may impact the system environmental performance is
critically needed. This research aims to fill both of these gaps.
Using a data driven approach, we are evaluating the bike share systems in several cities in the U.S. and
China to quantify their environmental impacts. We conduct life cycle assessment of each system using
program specific bike, station, bike share trip, and bike rebalancing data collected from each system.
We also consider the historic travel pattern in that city to infer the transportation mode substituted by
bike share to estimate the net greenhouse gas emissions reduction from each bike share system.
Additionally, we have also proposed a framework to optimize bike share system design and operation
from the life cycle’s perspective, integrating system simulation and optimization methods. When a
system has more bikes, it will require less rebalancing. This will reduce the use phase environmental
impacts with the cost of increased upstream and downstream impacts. Our proposed framework will
evaluate this tradeoff between bike fleet size and rebalancing frequency to identify the optimal system
design and operation strategy from the life cycle environmental benefits’ perspective.
Our preliminary results show that (1) most of the bike share systems are currently oversupplied with
more bikes than needed; (2) decreasing bike fleet size through more frequent rebalancing will increase
the system’s life cycle GHG emissions; and (3) choosing appropriate rebalancing fleet size, loading
capacity, and setting multiple depots can reduce a BSS’ rebalancing GHG emissions. Our study results
can inform policy and decision making to help develop shared economy systems that achieve
sustainability goals.
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635: Sustainable Supplier Selection for Information System Performance Evaluation
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Abstract

Information Systems (IS) have become crucial for all of organizations to survive in contemporary
technology-oriented environment. Consequently, the number of companies and organizations are
increasing which have invested widely in their IS infrastructures to present better services and to
produce higher value products. On the other hand, nowadays, because of the increase of governmental
rules and serious requirements of more people in the case of environmental protection, it seems
necessary for all enterprises to follow these regulations if they want to survive in the global markets.
Thus, the aforementioned arguments are the reasons of the compulsory using of green supplier
selection (GSS) in all firms. The purpose of this study is representation of the relation between ISs and
GSS as two vital components of firms. Best Worst Method (BWM) is employed to identify the weights
(importance) of GSS measures and compute the GSS performance.

Day 1 Session 4: Industrial ecology 1
659: Seeing the people in LCA: Agent based models as one possibility
Author: Andrea Hicks, University of Wisconsin-Madison, Department of Civil and Environmental
Engineering, Madison, WI hicks5@wisc.edu
Abstract
Humans interact with the products they use, which in turn influence the life cycle environmental
impacts of those products. Life cycle assessment (LCA) is a critical tool in assessing the environmental
impacts of products and processes. At the same time, it is not well suited on its own to exploring the
shifts in the anticipated environmental impacts of a product or process due to human behavior. Agent
based modeling (ABM), a bottom up modeling framework, is well suited to explore human behavior.
Through coupling LCA and ABM there is the opportunity to explore the influence of human behavior,
and see the people, in these studies. The potential influence of human behavior at the different product
life cycle stages is presented utilizing grocery shopping bags as an example of the potential for humans
to shift from the idealized systems we often utilize in LCA. Beyond that, the coupling of these two tools
has the potential to lead to more accurate forecasts of the environmental impact of products and
processes.

80: Effect of demand forecasting methods into metabolism indicators towards a more
circular economy
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Abstract. This study investigates three demand forecasting methods to analyse how the choice of those
methods can affect circularity of a production system. To illustrate that, a case of particleboards in
Brazil is exhibited. Material Flow Analysis (MFA) was applied to study how environmental performance
of producing particleboards in a cradle-to-gate life cycle would change according to the demand
forecast method under evaluation. The methods used to predict particleboards production were the
Extended Additive Holt-Winters (EAWH), the Holt-Winters with Linear Regression initiation (HW-LR),
and the seasonal indices with exponential smoothing. Results showed an increase of up 42% on the
MFA indicators between the methods EAWH and the seasonal indices with exponential smoothing.
Therefore, such differences in MFA highlight the relevance of choosing a forecast method due to its
impact on the total materials requirements and efficiency in converting them into high added value
products towards a circular economy.

726: A review on the life cycle assessment phases of cement and concrete
manufacturing
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Abstract: Concrete is the most used construction material around the globe. The prime constituent of
concrete is cement and its production accounts for 5% of the world's CO2 emissions. Ingredients
involved in cement and concrete manufacturing are derived from natural resources and their
processing involves high energy demand and further emits lots of emissions. Life Cycle Assessment
(LCA) is a tool that can be used to assess the environmental impacts associated with the construction
industry. This paper is a brief review of the methods followed in existing investigations on LCA of cement
and concrete. The majority of LCA studies are following the ‘Cradle-to-Gate’ approach and primarily
consists of global warming potential and greenhouse emissions while neglecting various other impacts
like water consumption, wastewater, and solid waste generation along with harmful toxic emissions.
These emissions along with the modern-day practice of utilizing various industrial waste in cement and
concrete manufacturing must be included in inventory analysis to determine the best available
technology for the construction industry.

363: Golden rule of material stock accumulation – a Solovian perspective of resource
policy
Dombi, Mihály
University of Debrecen, Faculty of Economics and Business, Institute of Economics
dombi.mihaly@econ.unideb.hu
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During the transition of the socio-economic system in last decades, material stock accumulation
became the major driver of natural resource use. Ratio of stock building materials has raised globally
from 20% to 58% of the domestic extraction (Krausmann et al., 2018). Buildings constitute the
dominant part of energy consumption and carbon emissions (cca. 50%). Taking a broader picture,
together with infrastructures supporting production and consumption processes (e.g. roads, vehicles,
capital stock), material stock accumulation determines the resource use of our society. Consequently,
the material stock constitute not only valuable service infrastructure for the society (dwelling, mobility,
production, and consumption), but also a key driver for resource use, object of technological lock-in,
and a challenging waste management problem in the future (Weisz et al., 2015; Haberl et al., 2017).
Furthermore, construction materials are scarce as well. For that end, the key role of material stocks, as
infrastructures is recently emphasized with special regard to future emissions and resource use (Haberl
et al., 2019; Wood et al., 2018).
Additionally, there is a rising awareness of the trade-off between the material and energy efficiency,
and the material stock accumulation. It is plausible both temporally/technologically (Whiting et al.,
2020) and structurally (Dombi et al., 2018). Material efficiency is improving in line with technological
progress and higher share of services in the economy; it cost, however exponentially growing stocks.
An optimal level of capital accumulation exists in economic terms, which is referred to as golden rule
of capital accumulation, which maximizes the consumption of the society (Phelps, 1965). In this study,
a golden rule of material accumulation is intended to define by confronting the ability of the society to
process materials as the service of the capital, with the physical investments. Hence operationalization
of the original golden rule is problematic based on the available macroeconomic data, the test of the
‘dynamic efficiency’ was utilized in this study, as it was proposed firstly by (Abel et al, 1989). A group of
15 countries were assessed, which represents 50% of global population, and 65% of the GDP. The
sample represents large variety of the development status, furthermore, all of the countries with an
existing estimation on total amount of material stock were involved.
Results of the monetary and material dynamic efficiency test are presented in figure 1. First of all, two
of fifteen countries has been reported as inefficient (South Korea and China) due to overinvestment,
while the United States of America shows inefficiency for long time period. All others are dynamically
efficient. Secondly, dynamic efficiency in material terms is strongly coupled with that in monetary
terms. Furthermore, with an exception of Japan and Switzerland, material efficiency exceeds the
monetary dimension’s efficiency. It implies that societies gain more from the investments in material
terms than financially. Thus, there is no incentive to reduce the material stock accumulation in the
future under the current economic conditions. Therefore, a sound policy should aim lower savings
and/or investment rate, which still corresponds the (monetary) golden rule accumulation rate.

190: Simultaneously tracing the fate of eight metals with MaTrace-multi
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Keeping materials in use for a long time is key to reducing primary material demand and environmental
impacts of resource use. In theory, metals are ideal resources for the circular economy with potentially
long product lifetimes and high recycling rates. Most products made out of metals are durable goods
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with lifetimes ranging from years to decades. Recycling yields of metals should only be limited by
thermodynamically unavoidable losses of the remelting processes for well-defined scraps.
In practice, however, additional dissipative losses for metals occur due to incomplete collection of endof-life products, insufficient waste sorting, remelting of contaminated or diluted scrap, and the
downcycling to secondary materials. Dynamic stock and flow modeling helps to understand the
interdependencies between material composition of products, process yields in waste management
and recycling, and elemental composition of secondary materials. In particular, the modelling
framework MaTrace allows tracing the fate of material cohorts over time and across products in openloop recycling. Previous MaTrace models focused on steel and steel alloying elements (Nakamura et al.,
2017, 2014; Pauliuk et al., 2017).
In contrast, the hereby-presented extension of model, called MaTrace-multi, simultaneously considers
the fate of eight chemical elements in a planetary model: Al, Cr, Fe, Ni, Cu, Zn, Sn, and Pb. These eight
elements cover the most important metals both by mass and by total environmental impact. Final
product categories include construction and infrastructure, transport equipment, metal goods and
machinery, electrical and electronic appliances, as well as chemicals. Dissipative losses can also be
quantified for each metal in an individual model (Helbig et al., 2020), but that does not consider the
many linkages between metal systems due to alloys, product composition and metallurgical path
dependencies.
Simultaneous tracing of the eight metals in MaTrace-multi starts with mining requirements for the final
demand of one year. The list of materials covers both primary materials, approximated as pure metals,
as well as secondary materials as the outputs of main remelting processes. In-use stocks are considered
with product-specific lifetime distributions. Modeled processes comprise of six transformation
processes (mining, fabrication, use, collection, sorting, and remelting) and two allocation processes
(scrap-to-remelting allocation and secondary-material-to-product allocation). Unrecoverable
dissipative losses occur during collection, sorting, remelting, fabrication, and mining. Figure 1 displays
the modeled material flow system of MaTrace-multi. The implementation of MaTrace-multi complies
with ODYM, the open source framework for material systems modeling in Python (Pauliuk and Heeren,
2019).
By tracing the fate of metals simultaneously within MaTrace-multi, it will be possible to calculate the
longevity and circularity of metals in the anthroposphere. These are two key indicators of the circular
economy. Additionally, MaTrace-multi gives information about sources for contamination of scraps and
secondary materials, respectively. We anticipate MaTrace-multi to highlight hotspots for necessary
improvements on the path to a resource-efficient global society.

417: Health care as environmental steward: Providing climate-smart, environmentallyresponsible clinical care to save lives and protect communities
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Pollution is a leading cause of morbidity and mortality, globally responsible for 9 million premature
deaths annually. The health care sector is key to responding to morbidity and mortality, and has grown
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to consume over 10% of global economic output, or close to 20% in the United States alone. All of that
health care activity further contributes to environmental degradation, emitting 4.6% of global
greenhouse gases, more than all but 4 other countries on the planet. While the health care sector is
itself a major emitter of environmental pollutants, many examples have shown that reducing pollution
can improve both public health and the triple bottom line of the health service sector. Moreover, health
care is the only industry that has a moral and ethical imperative not to harm people, providing a key
impetus to improve our own environmental stewardship of the resources entrusted to us.
Many examples exist for sustainable practices in building design, food services, and energy sourcing,
but there are unique challenges when approaching sustainability in clinical care areas. Frequently,
focusing exclusively on the patients in front of us prevents us from considering indirect health effects
on the community or population at large. Overcoming this difficulty is critically important when
discussing clinical practices with clinicians.
Using examples primarily from clinical aspects of health care, but also addressing some of the nonclinical components of our operations, we propose to review the important role that health care has in
leading our economies to responsible environmental stewardship. We will review the tools that enable
holistic evaluation of choices in health care delivery, including environmental life-cycle assessment and
waste auditing, as well as results of particular studies from our own experience that guide our clinical
practice and design.
The session will examine the tools used to quantify and monitor environmental emissions, and provide
resources for education, training, and capacity-building to be shared with health care industry
stakeholders. Together, participants in this session will identify a strategic research agenda to aid policy
makers, clinicians, and health administrators to deliver more environmentally sustainable clinical care.
Finally, we will touch on the challenge of integrating clinicians with other institutional leaders to
implement changes collaboratively.

Day 2 Session 1: Food-Energy-Water Nexus
321: A systematic approach for edible city design: Improving added values of urban
agriculture
1

Chia-Chun Lin, 1Yin-Chi Lin and 1Pei-Te Chiueh
1
Graduate Institute of Environmental Engineering, College of Engineering, National Taiwan University,
No. 71, Chou-Shan Rd., Da’an Dist., Taipei City 106, Taiwan
Edible city is a promising strategy that can improve environmental and social benefits to a society. A
comprehensive urban planning to optimize the benefit with limited urban space resources is necessary.
Therefore, a systematic approach integrating quantitative sustainable design (QSD) and spatial analysis
was proposed in this study. Taipei, the capital city of Taiwan, was select as a case study to demonstrate
the proposed framework. Preliminary results from spatial analysis show that area for ground farming is
32 km2, accounting for 12% of the city area; for roof farming is 20 km2 and for green wall is 12 km2.
Further quantitative assessment and comparative analysis will be conducted to evaluate the potential
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of urban agriculture in Taipei. It is expected that with the QSD framework, more sustainable design of
urban agricultural planning can be implemented.
Keywords: Edible city, Urban agriculture, Quantitative sustainable design (QSD), Spatial analysis

388: Carbon-carbon composite electrode bioelectrochemical systems for high-efficient
wastewater purification and energy recovery
Xiaoyuan Zhang
State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment,
Tsinghua University, Beijing 100084, China
Email: zhangxiaoyuan@tsinghua.edu.cn

The increasing demand for water and energy has become a critical issue and challenge worldwide.
Notably, water and energy are tightly linked and there is a strong nexus between them. Wastewater
contains organic carbon, inorganic salts, and water, and has been newly recognized as resources of
renewable energy, nutrient, and fresh water. It is urgent to develop energy-efficient and energy positive
sustainable wastewater treatment technologies. Bioelectrochemical systems (BES) exhibit
simultaneous wastewater purification, energy production and even resource recovery, by converting
organic carbons in wastewater directly into electricity and in situ energy utilization. The cathode activity
for oxygen reduction reaction (ORR) is of great significance to the energy-recovery performance of BES,
and the anode activity for organic removal is of importance to the purification performance of BES. In
this project, carbon-carbon composite air cathodes and anodes have been developed via novel catalyst
materials development, traditional carbon-based materials selection and modification, in order to
improve the performance of catalysis and analyze the mechanism of cathode and anode reactions.
Furthermore, the synergy effect and mechanism of organic removal and energy production in BES has
been systematically studied. The main findings are as follows:
(1) In terms of carbon-carbon composite air cathodes, a surface nitrogen-enriched carbon coaxial
nanocable (NCCN) is applied as an ORR electrocatalyst and combined with activated carbon (AC) with
80 wt% addition as a carbon–carbon composite air cathode in BES. The fully exposed nitrogen active
sites of NCCN contribute to the enhanced ORR activity, while the graphitized core affords a rapid
pathway for electron transportation. AC serves as a spacer to construct a porous framework with
interconnected ion diffusion channels. This cathode thus exhibits a maximum power density of 2090
mW m–2, 120% higher than commercial Pt/C electrocatalysts, and also 6% higher than the pure NCCN,
indicating a synergistic effect between NCCN and AC.
(2) In terms of carbon-carbon composite anode, a novel flow-through anode configuration is proposed,
which combines the carbon cloth of two-dimensional anode with wooden granular activated carbon of
three-dimensional anode. The proposed carbon-carbon composite anode enhances the performance
of power production and chemical oxygen demand (COD) degradation by promoting the mass transfer,
reducing internal resistance and increasing bioburden. BES with the composite anode exhibited the
highest maximum power density and the highest chemical oxygen demand removal rate constant
(0.155 h–1) compared with the BES using the carbon cloth anode (0.072 h–1) or the wooden granular
activated carbon anode (0.129 h–1).
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(3) To further improve wastewater purification performance, COD removal characteristics and current
generation in BES have been systematically studied. The results demonstrate that COD removal and
current generation have a synergy effect in BES, and high COD removal rate and high current production
can be simultaneously achieved by regulating the external circuit. The electric field can be used in situ
to desalinate and concentrate nutrient (N and P) by adding anion and cation exchange membranes in
BES. The effluent is better than the restrict first A class standard of China. In sum, it is highlighted that
efficient wastewater purification and energy recovery could be simultaneously achieved by using novel
carbon-carbon composite electrode bioelectrochemical systems.
Keywords: Wastewater treatment; Energy recovery; Bioelectrochemical system; Carbon-carbon
composite electrode
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Adequate management of solid waste and wastewater are essential factors to reach sustainable
development goals all around the world. Among other municipal solid waste components food waste
(FW) is a primary contributor in total waste of every country. The most common method of waste
disposal in the landfills is a main cause of greenhouse gas emissions (GHEs) and contamination of fresh
water by leachate emissions, which are majorly attributed to FW fraction. Beside the loss of invaluable
natural resources, the treatment methods also consume a lot of abiotic energy and resources input
with perceptible contribution to the global warming. Therefore, a quest of finding a sustainable FW
management method is persisting and the global paradigm has evolved to develop a resource recovery
system.
In this study, the prospects of six alternative FW treatment scenarios are quantitatively evaluated for
Hong Kong in terms of energy use and GHEs potential, using life cycle assessment (LCA). Scenarios
under evaluation included: centralized aerobic composting, anaerobic digestion (AD), combined AD and
composting (ADC), co-disposal and treatment with wastewater (CoD-WW), incineration, and
conventional landfilling which is the business as usual (BAU) method. By using local input data and
diverse but well-established modelling techniques the treatment methods were simulated according
to local conditions.
The involved methods are comprised of IPCC models for landfill and incineration modelling, steadystate AD and activated sludge models (ASM) for AD and biological wastewater treatment respectively.
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Other than that mass balance and stoichiometric techniques were also used to keep track of carbon
and estimate the biogenic carbon emission as well throughout the system.
Results revealed that in terms of GHEs saving, all new scenarios performed significantly better than
conventional landfilling, with ADC scenario as best-case and incineration, AD alone, CoD-WW ranked
as second, third and fourth best respectively. Whereas, composting was the worst-case scenario in
terms of energy balance, while incineration ranked best and AD alone, ADC, and CoD-WW ranked as
second, third and fourth best respectively. However, these results are highly sensitive to the opted
boundary settings e.g., inclusion of impact of biogenic carbon emissions and waste collection and
transportation, and several other influential parameters. The study provides valuable insights and
policy guidelines for the decision makers locally and a generic modelling template for environmental
impact assessment.

Keywords: Food waste; Resource recovery; Greenhouse emissions; Energy balance; Integrated waste
management
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Plastic has become one of the most commonly used materials in the world. Polyethylene (PE) is the
most widely consumed plastic, and its production amount accounts for about 30% of overall plastic
production worldwide. PE is widely used in packaging, building & construction, transportation, electrical
and healthcare applications, and so forth. China is one of the most important PE production and
consumption countries. The PE production of China dramatically increased from less than 5 million ton
in 2003 to 14.2 million ton in 2016. In 2016, the imported PE volume was 9.9 million ton. The apparent
PE consumption of China also shows a steady increase trend, and reached 23.8 million ton in 2016,
accounting for ~23% engineering plastic consumption. However, the production and consumption of
PE in China have brought serious environmental issues, such as PE waste accumulation, land resource
occupation, micro-plastics in rivers and oceans.
Therefore, it is indispensable to analyze the PE in-use stocks, flows, and trades in China and discuss
different policy/technology scenarios to reduce the PE waste accumulation and environmental impacts,
in order to provide theoretical and technologic support for PE waste management. Hence, we establish
a dynamic model based on material flow analysis for quantitatively analyzing the national PE stocks and
flows in China including production stage, consumption stage and waste management stage. Due to
that the external dependence of PE in China is more than 40%, the PE trade flow is considered in the
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dynamic model. The results suggest that the annual consumption of PE products and waste generation
increased significantly from 1980 to 2015, especially after 2000. PE consumption per capita
dramatically increased from 0.38 kg in 1980 to 21.6 kg in 2015, and the PE waste generation per capita
was 16.9 kg in 2015.The PE used in packaging has a short lifetime and thus annual PE waste generation
increase dramatically. Cumulative PE waste generations in different sectors all show an increase trend
from 1980 to 2030. Especially, PE waste generation in packaging sector will significantly increase from
161 million ton in 2015 to 462 million ton in 2030. Driven by sponge city constructions, coal-to-gas
switch, and rural water supply network reconstruction, the demands for PE pipes increase in recent
years, PE used in constructions plays an important role in stock, and may turn into waste in the next
15-20 years.
With respect to the potential alternatives, the rapid development and consumption of PE products in
China will bring PE waste accumulation significantly in the period from 2016 to 2030. Imported PE waste
was 2.53 million ton in 2016, but will decrease dramatically in next few years due to the Chinese import
ban. The scenario analysis suggests that a rational growth of the PE industry is desirable to mitigate
accumulation of PE wastes. Improving recycling technology, enhancing recycling system, and increasing
the circularity in the economy would be helpful to achieve the goals of PE waste reduction.
Keywords: Polyethylene; Material flow analysis; In-use stocks; Waste management
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Economic globalization and industrial redistribution have led to increase in cross-border trade that
depends largely on the production and consumption of various natural resources. A growing number of
developed countries have reduce the exploitation of resource use within their territorial borders by
outsourcing resource-intensive industries to developing countries, while increasing imports from these
countries. This has speeded up the resource depletion of developing countries. Moreover, the finiteness
of natural resources requires human demand for natural resources to be kept within the planetary
boundaries, beyond which unacceptable environmental consequences may occur. In responding to the
challenge of resource scarcity, Sustainable Development Goals (SDGs) proposed by the United Nations
have committed to achieving sustainable management and efficient use of natural resources by 2030.
Therefore, it makes great sense to evaluate the scarcity of natural resources. Existing studies focus
mostly on accounting for the absolute amount of resource consumption, ignoring the relative scarcity
due to the gap between extraction rates and present reserves as well as the misplacement between
production and consumption. As for natural resources, it remains difficult to bring together different
resource categories into a unified metric. Scarcity is however a dimension that can somehow solve this
problem. This paper attempts to explore resource scarcity in the context of international trade through
two steps. First, the footprints of water, land, fossil fuel and material are measured through an
environmentally extended multi-regional input–output (MRIO) model at the global scale. Second, the
results are further addressed by means of characterization factors that reflect the degree of resource
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scarcity. The characterization factors for various resources are different, according to the extraction and
reserves of specific resources at multiple scales. By doing so, the contribution of final demand categories
to resource depletion can be identified, and potential implications for resource management and
sustainable consumption policies can be interpreted. We suggest that scarcity represents an
indispensable dimension that should be considered in tracking domestic resource exploitation and
virtual flows embodied in international trade, with the aim of identifying key natural capital throughout
the global supply chain.
Keywords: resource scarcity; environmental footprint; multi-regional input–output (MRIO); Sustainable
Development Goals (SDGs)

617: Circular Economy practices adoption in the White Goods Industry in Europe: a
Review of the State-of-the-practice
Azar MahmoumGonbadi1, Tommaso Calzolari1, Andrea Genovese1
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Studies showed that between 2004 and 2012, the proportion of major household appliances that
stopped working within five years from purchase (and were uneconomical to repair) rose from 3.5% to
8.3%; at the same time, 10% of junked washing machines which were disposed of at a recycling centre
were less than five years old (The BBC, 2019). The recently approved European Commission right to
repair rules for white goods will oblige firms to manufacture appliances, which are longer lasting and
easier to repair and recycle from 2021 onwards. In addition, firms will be under obligation to make
spare parts for their products available for up to 10 years. (European Commission, 2019). The
mentioned measures, aligned to the recently promoted Circular Economy Package (European
Commission, 2015) and Circular Economy Action Plan (European Commission, 2018), aim to fight the
phenomenon of planned obsolescence. Such a phenomenon is very much linked to the traditional linear
production pattern which has been used, for decades, both by SMEs and MNEs. Such model has
produced huge environmental externalities in terms of consumption of scarce resources and waste
generation.
Adopting a Circular Economy paradigm in the design, production and use of white goods provides a
high potential in terms of avoided emissions and of material savings. As the architecture of some
products like fridges or washing machines has not changed over the past 20 years, they could be easily
updated, refurbished and remanufactured at the end of their life (APPSRG, 2015). These practices
would reduce the amount of waste generated by the industry. A secondary market of environmentally
conscious customers is available and provides an interesting economic opportunity for home
appliances producers and their supply chains. However, whilst the adoption of CE practices is a key
target for EU policy makers, the industry and many citizens (APPiA, 2019), preliminary researches
highlighted the lack of a systematic review of the state-of-the-practice when it comes to Circular
Economy initiatives (Stewart & Niero, 2018); as such, there is not a structured database that collects
existing best practices and that allows to assess whether these MNEs are implementing CE practices in
their operations, or at least they are preparing to do so.
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Within this context, the main research question of this study will be addressed at understanding the
extent to which the most important household appliances producers operating in Europe are
implementing CE practices. The sample of companies analysed includes 21 white goods brands, which
take part to the Industrial Trade Association (APPLiA). By using a structured research method,
secondary data will be extracted from the CS reports of the selected organisations. The main aim of
this research is: (1) To evaluate the adopted CE practices the type of practices and of their level of
implementation, along with methods employed to measure their impacts; (2) the main drivers of the
adoption; (3) the presence of documented integration practices between different actors of the supply
chains, such as information sharing or delivery integration in the reverse feedback loops.
Furthermore, a longitudinal approach will be adopted for all the companies of the subset, in order to
highlight the evolution of the adoption of remanufacturing practices in the last three years. As such,
Corporate Sustainability (CS) reports from the 2016, 2017 and 2018 financial years will be surveyed.
This study will hence provide a reflection on the state-of-the-practice of the implementation of CE
interventions and how prepared are these manufacturers to new EU directives, which could be of
interest to the academic community, but also to industry bodies and governmental organisations,
which might be looking at ways of promoting the adoption of Circular Economy practices.
Keywords: Circular Economy, White goods, Sustainability, State of the practice.
Acknowledgements: This research has received funding from the European Union’s Horizon 2020
research and innovation programme under the Marie Skłodowska-Curie Innovative Training Networks
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Metals are indispensable for our life and thus metal scarcity is an important issue. Because mineral
deposits are unevenly distributed in the world, many countries depend on metal mining in other
countries through international trade. Thus, consuming countries (especially developed countries) may
induce various mining-related issues in producing countries including pressure on mining capacity,
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which increases the potential risks to local sustainability in mining. In this study, to represent the
responsibility of consuming countries for pressure on mining capacity in producing countries, a scarcityweighted metal footprint (S-MF) concept is adopted. The S-MFs are calculated by incorporating metal
scarcity indicators expressed by the ratio of mine production to availability with metal footprints. For
international coordination and resource governance towards sustainable metal use, it is important for
consuming countries to understand metal-specific status about their responsibility for mining capacity
and identify key factors for efficient improvement. However, such analysis has not been conducted.
This study aims to evaluate the responsibility for pressure on mining capacity of producing
countries associated with the final demand of Japan and to identify key factors for consuming countries
to reduce their responsibility. We choose Japan for this analysis because it significantly depends on
import of metals, resulting in risks associated with metal mining in other countries. As proxy indicators
for responsibility for mining capacity, S-MFs of Japan are calculated for 2005 and 2011. Then, by using
decomposition analysis, S-MFs are decomposed to identify factors which cause the changes of the SMFs between 2005 and 2011: consuming country-related factors (induced mine production effect and
trade partner choice effect) and producing country-related factors (mine production effect and reserves
effect). The analysis is conducted for iron (Fe), copper (Cu), and nickel (Ni), which are vital to economy
and consumed in large quantities.
The results indicate that the dependency of Japan on regions of metal supply is different among
metals. Furthermore, the significance of regions in terms of the S-MF and non-weighted metal footprint
is different. For example, Asia and Africa for Fe, North America for Cu, and Asia for Ni are especially
significant in terms of S-MFs compared with non-weighted metal footprints. The figure shows the result
of the decomposition analysis, which quantifies the contributions of factors to changes in the S-MFs of
Japan between 2005 and 2011. The decomposition analysis reveals that the changes of trade partner
of Japan increase the S-MFs for copper and nickel. On the other hand, changes of the scarcity in
producing countries contribute to the changes of the S-MFs more than the changes of induced mine
production and trade partner of Japan for all target metals. These results suggest that the responsibility
of consuming countries can vary depending on the factors which are not directly related with actions of
consuming countries. Therefore, it is important for consuming countries to closely observe the
situations in producing countries and consider the choice of trade partners to reduce their responsibility
for mining capacity. Our analysis will support the discussion about the effective options for reducing the
responsibility of consuming countries in terms of pressure on mining capacity.

Figure. Decomposition analysis of the changes of scarcity-weighted metal footprint of Japan between
2005 and 2011
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670: Estimation of global mercury emissions from artisanal and small-scale gold mining
in 2050
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The hazardous effects on the environment and human health caused by mercury emissions have been
widely acknowledged. In spite of attempts to reduce the atmospheric emissions of mercury based on
the Minamata Convention on Mercury, the amount of global mercury emissions has continuously
increased in a last decade. In particular, artisanal and small-scale gold mining (ASGM) is a major source
of mercury emissions, accounting for approximately 40% of global mercury emissions. In ASGM, a
mercury amalgamation technique is being applied to extract gold from gold-bearing sediments and
rocks. In most cases, ASGM is seen in developing countries, where the treatment of mercury
amalgamation is hardly controlled, leading to a massive amount of mercury emissions. Introduction of
support strategy in developing countries is an urgent matter to reduce mercury emissions in the future
across the globe. There are limited studies on projecting the future global mercury emissions.
Characteristics of different mercury reduction approaches and degrees in transiting the installation rate
depending on developing countries with a focus on ASGM have yet to be considered. Therefore, the
objective of this study is to estimate the global mercury emissions from ASGM in 2050, considering
mercury reduction approaches. To accomplish the objective, this study firstly conducted the projection
of gold production based on ASGM during the period 2015-2050. Based on the historical data, the
transition trend of gold production amount was determined for each relevant country. This was used
for the weighting factor of the amount of mercury use in ASGM. Then, following the previous target of
mercury reduction in ASGM reported by United Nations, this study considered the three scenarios of
mercury reduction approaches; elimination of whole ore amalgamation by introducing a mercury-free
concentration process prior to amalgamation (Scenario 1); elimination of the burning of mercury
without the use of a retort which allows a recovery of mercury (Scenario 2); and introduction of
cyanidation as a completely mercury free techniques (Scenario 3). The amount of mercury use and
emission factor were calculated for each of scenarios in terms of mercury reduction approach. The
assessment also considered the four scenarios of transiting the installation rate of aforementioned
mercury reduction approaches; business-as-usual (BAU) scenario (indicating the mercury emissions
without any action) potential scenario (indicating the ultimate value of reduction in mercury emissions);
high scenario (following the practical goal of 50% reduction in mercury emissions in 15 years shown in
United Nations); and low scenario (lower transition of technology compared with high scenario). The
application of these three scenarios in terms of installation rate varied depending on the ASGM
countries on the basis of the Minamata Convention on Mercury. Finally, the sensitivity analysis was
executed by changing the ratio of gold to mercury in whole ore amalgamation and concentrate
amalgamation and the transition rate of gold production in ASGM. As a result, it was estimated that the
global mercury emissions will continuously increase without any action during the period 2015-2050
under the BAU scenario. Under the scenario 1, although the amount of mercury use will be reduced,
the replacement of whole ore amalgamation with concentrate amalgamation will hardly contribute to
the reduction of global mercury emissions. Scenario 2 and Scenario 3, on the other hand, will highly
contribute to the reduction of global mercury emissions. For example, in Scenario 2, the global mercury
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emissions under the high scenario can be reduced approximately 50% in 2035 and 85% in 2050,
compared to the BAU scenario.

697: Detection of improper mercury flow to countries with artisanal and small-scale
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Introduction

In 2017, the Minamata Convention entered into force, in which the primary mining of mercury and the
trade of mercury-containing products were regulated [1]. However, despite being one of the most
significant emission sources of mercury (Hg), artisanal and small-scale gold mining (ASGM) was not
regulated. This may cause improper or illegal mercury trade to the ASGM sector, which hinders global
mercury management. While enforcement on the monitoring of global mercury trade is necessary, a
method for detecting potentially improper mercury trade to ASGM does not exist.
Therefore, the objective of this study is to detect the improper Hg trade flow to the countries that
have ASGM activities. We analyze the data on intentional or unintentional Hg-related global trade in a
long time series, and clarify the relevance of the ASGM production to other indicators from the big data
of global trade, then develop a method to detect improper trade flows possibly related to the ASGM
activities.
Methods

We extracted trade data for 231 countries and regions on 5,000 categories of products using the BACI
database [2] and surveyed the domestic Hg production and ASGM Hg use in countries/regions that have
ASGM activities. Thereafter we calculated the Hg flows in global trade and the apparent Hg
consumption, for which each Hg flow was calculated by multiplying the Hg content in the product by
its amount [3].
Apparent Hg consumption = Hg production + Import [Hg]- Export[Hg]
Then, we compared the apparent Hg consumption and the ASGM Hg use. When the ASGM Hg use is
higher than the apparent Hg consumption, improper Hg trade possibly occurred. By this simple method,
we screened several countries out from all countries for a higher possibility of improper Hg flows. To
determine the specific categories that hid the Hg flows, we further investigated the material flows of
all Hg flows in the form of Hg-containing products among global trade. Major streams of trade that
import and export from target countries were analyzed.
Results and discussion

Central and South America and Africa showed larger accumulated ASGM Hg use than the accumulated
apparent Hg consumption, which indicates possible improper Hg flow that has not been officially
recorded (Figure 1). For Africa, while apparent Hg consumption decreased from 2016~2018, the ratio
of ASGM Hg use to apparent Hg consumption increased, and the increase might be caused by improper
Hg trade flow and inconsistency in the official statistics. For Asia, although the ratio of the ASGM Hg
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peaked in 2015 and kept decreasing, apparent Hg consumption is significantly increasing, and further
investigations into Hg consumption are needed.

Figure 1. Comparison of the apparent Hg consumption and ASGM Hg use in Africa, Asia, Central and
South America, and Oceania. The calculation was based on data from the Global Mercury Assessment
2018 [4] and Gold Focus 2020 [5]. Circles show the total amount for each area in each year while dots
show the accumulated amount in years 2010–2018.
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Abstract. China has witnessed remarkable economic growth since the past Forty years of reform and
opening-up. However, a large amount of municipal solid waste (MSW) has also been generated as the
life improves and city expands. It’s one of the important issues to deal with effectively during the
realization of green development. The most widely accepted ways for MSW is waste-to-energy, which
both provides the clean, sustainable and renewable fuels for the production of power and steam and
decreases the waste. Based on the landfill gas estimation model, developed by Environmental
Protection Agency of the United States(USEPA), and the calculation methods of energy and power
generation potential, The waste-to-energy potential and power generation potential are calculated and
compared for 31 provinces (cities and districts) from 2005-2017 in China, following by the spatial
distribution characteristics of MSW in China and its dynamic evolution process. The results shows the
followings. (1) From waste reduction, thermochemical route is undoubtedly the best way to waste-toenergy of MSW, but the biochemical process is more potential in temporal. In China, the total power
generation potential of MSW through biochemical route is 36,790 kilowatts, while the power
generation potential through thermochemical route can reach 6.432 billion kilowatts. In temporal, the
power generation capacity through thermochemical route is limited to the current year's output, while
biochemical route is a continuous and dynamic cumulative process, and the output can continue to
2050 or even longer. From sustainable use and environmental protection, biotechnology is more
valuable in replacing traditional technology. (2) There is a significant difference temporally in power
generation potential between biochemical route of MSW and thermochemical route in China. The
former firstly increases year by year, and then decreases after reaching a high peak. It has a clear
periodicity. the latter only depends on the amount of waste processed in the year. And it’s irregular
due to the uncertain factors, such as policies, environment and technology cost. (3) It shows a
significantly regional difference for the distribution of waste-to-energy potential of MSW in China.
Comparing waste-to-energy potential of MSW with the average daily power consumption of urban and
rural households in 2017, it’s found that waste-to-energy can meet the annual power demand of 5,110
households in urban and rural areas in China. Among them, the eastern area is the highest. Such as ,
the number of households satisfied can reach almost 600 in Beijing Municipality , 500 for Hebei
Province, 330 for Guangdong Province, 710 for Liaoning Province , which ranks the top within northeast
China. And it’s the lowest for western areas, such as only 270 for Gansu Province. In general, as for the
distribution of waste-to-energy potential and power generation potential, the developed eastern
provinces area obviously better than those in central and western provinces. In the future, we should
also consider the regional characteristics, urban development levels, technology and cost from wasteto-energy and environmental benefit and other affecting factors during the process of waste-to-energy
technology implementation with the overall analysis of economic return and environmental
sustainability.
Keywords: Waste-to-Energy, Municipal Solid Waste, Spatiotemporal Analysis, China
Supported by State Key Laboratory of Urban Water Resource and Environment (Harbin Institute of
Technology) （No . 2019DX14）Supported by State Key Laboratory of Urban Water Resource and
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Figure：The power generation potential of MSW through biochemical process in China

649: Biomass Waste-to-Energy (WtE) Utilization in Cameroon: An Analysis of Its
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Biogas' production from biomass waste, as a source of renewable energy for generating electricity,
contributes to the promoting appropriate disposal of organic wastes, effective biogas energy
exploitation, and a sustainable supply of clean energy. Cameroon produces significant amounts of
organic waste, while most of the biomass waste is deposited in landfill sites and hasn’t yet been
exploited. Consequently, the absence of an appropriate political framework and business models
represent a major barrier for waste-to-energy utilization in Cameroon.
By the end of 2020, the annual electricity generation potential in Cameroon was at 6,918,492.3MW/yr
and hydropower resources contributes to over 77.4% of total electricity generated across the country,
followed by Petroleum, and natural gas. The total electricity generated and supplied is still unequally
distributed across the country with 62.7% of the total population within the country having access to
the national grid, whereby no more than 91.9% of urban population and 23.03% of rural population
have access to electricity (World Bank, 2018).
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To alleviate the above problems, this study aims to answer two research questions: What is the
potential of biomass waste-to-energy (WtE) in Cameroon? How can biomass waste-to-energy be
utilized in Cameroon? It is worth noting that no study has been carried out to estimate the potential of
electricity generated from biomass waste in Cameroon. This research will contribute to the
development of the discipline of Waste-to-Energy utilization in Cameroon by providing a critical review
of how Biomass waste can be utilized valuably to support energy security in Cameroon. Furthermore,
this study aims at proposing a model and framework for assessing waste to energy potential in
Cameroon and countries with similar data and/or considerable lack of primary data.
This study estimates the energy generation potential (theoretical, technical, and economic) from
anaerobic digestion of various biomass waste streams – Municipal Solid wastes (MSW), municipal
wastewater, and livestock manure. The methodology uses a resource-focused approach with statistical
analysis of selected sources of biomass waste.
The following table summarizes all formulas used in the WtE generation potential assessment.
Municipal Solid Waste
(MSW)
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The major variables used in the assessment of the theoretical and technical potential are presented in
the appendix with their detailed definition or descriptions.
This study identifies regions where electricity generation from biomass waste through biogas is
favourable in Cameroon. We find that Cameroon has excellent potential to utilize biogas from biomass
waste for sustainable electricity generation. The findings reveal a theoretical energy potential of
936.37TWh/yr, the technical energy potential of 3.68-49.68TWh/yr, and economic potential of
3.68TWh/yr. The proposed methodology may be applied to the potential assessment of biomass WtE
in other developing countries with comparable conditions.
Furthermore, Biomass WtE utilization in Cameroon would imply a reduction in oil and gas consumption,
drop in CO2 emissions, and betterment of human wellness in Urban cities in Cameroon via reduction
in GHGs emissions from poorly disposed organic wastes. However, it is necessary to establish regulatory
policies that will subside initial investments on WtE projects, create new markets for small scale
electricity generation from this energy source, thus enabling the development and diffusion of the
technology. In addition, it is necessary to investigate new business models that enable self-sustainability
and profitability of WtE projects with an integration of multiple waste streams.
Keywords: Organic waste-to-energy; Biomass utilisation; Electricity generation; Sustainable
development; circular economy.

33: Upcycling of cementitious wastes in one-part alkaline cement binders
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Cementitious wastes generate in an increasing rate and normally disposed of in landfills which create
harmful environmental impacts. Therefore, enhancing potential pathways to recycle such wastes is
critical. In this study, two ways of introducing cementitious wastes in one-part alkaline cement binders
(ACBs) are presented: as solid precursors and as activators. A mixture of fly ash and blast furnace slag
as the solid precursors and a blend of thermally treated sodium hydroxide and waste glass as the alkali
activator were used to cast ACBs by just adding water similar to normal Portland cement. Glass powderbased activator showed 70% of efficiency in creating crystalline sodium silicate which dissolves in the
binder phase to enhance the production of hydration products. Reasonable compressive strengths of
the hardened paste were reported resulting in a dense microstructure with the curing age. Therefore,
in this study, the increasing involvement of cementitious wastes in one-part ACBs is confirmed.

Keywords: cementitious wastes, one-part alkaline cement binders, partial activator, strength and
microstructure
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82: Integrated Management of Municipal Solid Waste in Brazil: A Case Study in São
Paulo City
1 Michel Xocaira Paes; 1,2,3 Jose A. Puppim de Oliveira
1Fundação Getulio Vargas (FGV), São Paulo School of Management (FGV/EAESP), São Paulo, Brazil
2Fundação Getulio Vargas (FGV), Brazilian School of Public and Business Administration (FGV/EBAPE),
Rio de Janeiro, Brazil
3 Institute for Global Public Policy, Fudan University, China
Municipal Solid Waste (MSW) Management Systems are constantly changing and innovating around
the world. Thus, this work aimed to develop a methodology that allows identifying and understanding
the main drivers, barriers and possible pathways for innovative waste management that accelerate the
urban sustainability transition and how the political, social and institutional factors can impact
operational, economic and environmental indicators in a municipality. The work was developed
through a case study in the city of São Paulo (Brazil). It made it possible to identify the main actors
involved in the processes of elaboration and conduct of public waste management policies, as well as
operational impacts (97.79% of waste sent landfill), economic (US$126,51/ton.msw) and
environmental (370.06 kg CO2eq/ ton.msw), contributing to the definition of criteria for the
construction of Integrated Solid Waste Management methodology. The results also made it possible to
highlight guidelines and practices for the improvement of MSW public policies.
Keywords: municipal solid waste; public policies; transition to sustainability; integrated waste
management.
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348: Sustainability analysis of packaging waste management systems in Spain:
environmental, economic and social aspects
R. Abejón1, I. Ruiz-Salmón1, D. Hoehn1, J. Laso1, I. Vázquez-Rowe2, A. Bala3, P. Fullana-i-Palmer3, M.
Margallo1, Rubén Aldaco1
1 Department of Chemical and Biomolecular Engineering, University of Cantabria, Avda. de los Castros
s/n, 39005, Santander, Spain
2 Peruvian LCA Network, Department of Engineering, Pontificia Universidad Católica del Perú, Av.
Universitaria 1801, 15088 San Miguel, Lima, Peru
3 UNESCO Chair in Life Cycle and Climate Change ESCI-UPF. Pg. Pujades 1, 08003 Barcelona, Spain
E-mail contact: israel.ruizsalmon@unican.es
The implementation of one-way packaging has been easily accepted by consumers. However it is worth
to mention that it has reinforced the use and throw away culture. This is a great concern since one-way
packaging can represent up to half the environmental impacts of the food value chain [1]. For instance,
the total domestic production of packaging waste in Spain has increased from 5.8 Mt in 1997 to 7.2 Mt
in 2016, with similar trends in other UE countries [2]. To reduce the negative impacts of packaging
wastes, the reduction of the production of these wastes and the development of reuse, recycling and
recovery systems must be promoted. In this sense, two alternative systems can be selected for
management of selectively collected wastes: Extended Producers Responsibility Systems (EPR) or
Deposit-Refund Systems (DRS), each one with its corresponding advantages and disadvantages, which
hinder direct comparison.
In this framework, the main objective of this work was the analysis of the sustainability of the
implementation in Spain of two proposed packaging waste management systems under a life cycle
approach. The sustainability was measured by a global aggregated indicator based on different indexes
that covered the environmental, economic and social dimensions. To reach this objective, the proposed
methodology combines life cycle assessment (LCA) [3] and linear programming (LP) optimization to
calculate this indicator and facilitate the decision-making process to stakeholders and policy makers
[4]. This global sustainability indicator based on different environmental, economic and social indexes
was a valuable tool to measure and compare the distance to the optimal objectives of two packaging
waste management systems.
The analysis of 6 environmental, 1 economic and 5 social normalized indexes obtained from an LCA
perspective revealed that the DRS was preferable over the EPRS only when 2 social and 1 environmental
aspects were considered: income redistribution, public space use and abiotic depletion potential. The
rest of indexes pointed to EPRS, so the global sustainability indicator based on the distance to the
optimal targets concluded that EPRS was the most sustainable option. Although different weighting
factors for each index in the indicator were considered, DRS only could appear as the most sustainable
option when excessive weighting was applied to income redistribution and public space use. The results
concluded that the EPRS was a more sustainable option. The main problems of the DRS derived from
the high number of small commercial establishments in Spain, since most packages managed by them
must be transported to the corresponding treatment plants without compaction.
The use of this index as a sustainable tool is extendable to any scenario with the aim of facilitating the
decision-making process in the development of more sustainable processes/products.
[1]. Bala, A., Laso, J., Abejón, R., Margallo, M., Fullana-i-Palmer, P., & Aldaco, R. (2019). Environmental
assessment of the food packaging waste management system in Spain: Understanding the
present to improve the future. Science of The Total Environment, 134603.
[2]. Eurostat, 2017. Generation of waste by waste category, hazardousness and NACE Rev. 2 activity.
http://ec.europa.eu/eurostat/.
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[3]. ISO 14040, 2006a. Environmental Management – Life Cycle Assessment – Principles and
Framework. International Organization for Standardization.
[4]. Laso, J., Margallo, M., García-Herrero, I., Fullana, P., Bala, A., Gazulla, C., ... & Aldaco, R. (2018).
Combined application of life cycle assessment and linear programming to evaluate food wasteto-food strategies: Seeking for answers in the nexus approach. Waste management, 80, 186-197.

393: Simulation and Energy Consumption Analysis of Energy Storage Fresh Air System
in Different Climate Regions
Jingwen Pang, Jun Wang
Fresh air system plays a significant role in indoor air purification, and energy-saving fresh air system
meets the inherent needs of national green energy-saving buildings. In this study, Harbin, Tianjin,
Shanghai, Guangzhou and Kunming are the main representative cities of China's five climate regions.
CFD simulation analysis method is used to determine the energy consumption law of air conditioning
fresh air system under the conditions of residential buildings using clean fresh air system, total heat
recovery fresh air system, total heat recovery fresh air system and phase change material combined
total heat exchange fresh air system respectively. The results show that the energy-saving effects of
the above three fresh air systems are improved in turn. This study provides theoretical guidance for the
application of phase change materials in fresh air system of total heat recovery.
Key words: fresh air system; CFD; phase-change material; energy consumption

717: Decomposition characteristics of warm season and cold season submerged plant
litters
Yaru Wang1, Le Chen1, Panyue Zhang1*
1 Beijing Key Lab for Source Control Technology of Water Pollution, College of Environmental Science
and Engineering, Beijing Forestry University, Beijing 100083, China
* Contact: School of Environmental Science and Engineering, Beijing Forestry University, Haidian
District, Beijing: panyue_zhang@bjfu.edu.cn
Submerged plants, occupying the whole water column from the bottom to surface of shallow lake (Li
et al., 2014), significantly contribute to matter cycle and energy flow in aquatic ecosystem. However,
carbon, nitrogen and phosphorus are often released back into water environment when the submerged
plants die and further decay in water, resulting in secondary pollution and water quality deterioration.
Nutrient release and its impacts on water quality due to litter decomposition have been studied in
previous studies (Chimney and Pietro, 2006; Wu et al., 2017; Yuan et al., 2020). Simultaneously, plant
litters also release organic matters including some recalcitrant and coloured substances (Tang et al.,
2016). Few studies have focused on the release process and structural characteristics of dissolved
organic matters (DOMs), the main decomposition products of plant litters. DOM are highly
heterogeneous mixture with diverse molecular characteristics (Li et al., 2016), and the different
components play different roles in water environment. The higher the aromaticity, the lower the
biodegradability of DOM. Therefore, DOM component and structure characteristics have important
influence on overlying water quality. Therefore, experiments were carried out to explore the matter
release in overlying water during the decomposition of warm season plant (Ceratophyllum demersum
L.) and cold season plant (Potamogeton crispus L.), and to evaluate the effect of plant litter
decomposition on water quality.
The results showed that the decomposition process of both plant litters was similar, a fast matter
release (0-15 d) followed by slow release (15-30 d) until a balance between litter decomposition and
transformation of released matters (30-60 d), but both showed also their individual characteristics. The
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maximum release of C, N and P reached 37.74, 3.08, 1.24 mg/g, and 55.94, 2.90, 1.06 mg/g for the
decomposition of Ceratophyllum demersum L. and Potamogeton crispus L., respectively. More organic
matters were obviously released from Potamogeton crispus L. than those from Ceratophyllum
demersum L., while nitrogen and phosphorus release was the opposite, which was related to the
composition characteristics of plant litters. Excitation emission matrix (EEM)-parallel factor analysis
(PARAFAC) modeling identified four different fluorescent components (Yamashita et al. 2011): humic
acid-like and fulvic acid-like components (C1), tryptophan-like components (C2), humic acid-like
component (C3) and humic acid-like and fulvic acid-like components (C4). The difficult biodegradable
organic matters (C1, C3, C4) increased gradually, while easily degradable organic matters (C2)
decreased during plant litter decomposition, which may be associated with their decreased content in
plant litters and their microbial degradation. The maximum fluorescence intensity percentages of
PARAFAC components showed that the easily degradable organic matters (tryptophan-like) were
dominated in DOM within 0-15 d, and the refractory organic matters were dominated within 15-60 d,
especially humic acid-like and Fulvic acid-like, due to the degradation of easily degradable organic
matters and accumulation of refractory organic matters (Figure 1). In addition, humus index and
SUVA254, as indicators of humification and aromatization, showed that the difficult degradable organic
matters may increase in the overflying water. The early decomposition (0-15 d) had a serious effect on
the colour of overlying water, reaching as high as 40.48 Hazen (2 d) for Ceratophyllum demersum L.
and 65.53 Hazen (4 d) for Potamogeton crispus L., then gradually decreased (15-60 d). Pearson's
correlation coefficients between selected PARAFAC components and water colour indicated that C2
from Potamogeton crispus L., C3 from Ceratophyllum demersum L. showed significant correlations with
colour (p<0.05), suggesting that fluorescent components of humic acid-like and tryptophan-like might
be the important contributor of overflying water colour. In conclusion, the cold season plant
Potamogeton crispus L. had a stronger impact on overflying water quality than the warm season plant
Ceratophyllum demersum L. through their litter decomposition.
Keywords: Submerged plant litter; Dissolved organic matter; Decomposition characteristics
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Figure 1 The maximum fluorescence intensity percentages (Fmax, %) of PARAFAC components
during decomposition of plant litters
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722: The carbon footprint of polyester plastics in China
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The plastic industry is the basic industry of the national economy in China, and also a high carbon
emission industry. Greenhouse gas is emitted in the whole life cycle of plastic, including the production,
processing and manufacturing of plastic resins, the recycling of plastic, the landfill and incineration of
plastic wastes. Exploring carbon emission reduction in the whole life cycle of plastic is very important
to achieve the goal of carbon peak and carbon neutrality in China. In addition, polyethylene
terephthalate (PET) is one of the most widely used plastic, and China is the main producer and
consumer of PET worldwide. In this study, PET plastic was selected as the research object to explore
the carbon footprint of PET plastic in different development stages (2000-2005, 2006-2011, 2012-2017
years).

Previous studies mainly focused on the flow and stock of PET plastic in the life cycle. However, detailed
information on the carbon footprint of PET plastic, especially on greenhouse gas emissions in the whole
life cycle of PET plastic in China, is limited. As a result, the key emission reduction path of PET plastics
in the whole life cycle under the background of carbon neutrality is unknown, and effective emission
reduction strategies cannot be proposed. To solve this problem, we established a network model of
PET carbon footprint in China, including plastic resin production, processing and manufacturing, waste
management and recycling. According to the model, the characteristics of greenhouse gas emissions in
three different development stages for PET plastic were analyzed.

The results show that the PET resin production stage is the main source of greenhouse gas emissions
in the whole life cycle, accounting for about 70.0%. The second is the PET plastic processing and
manufacturing stage, and the manufacturing process of PET fiber has a major contribution to the
greenhouse gas emissions in this stage, accounting for about 80.0% of the emissions in this stage. About
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10.0% of the emissions are generated by the manufacturing of PET bottle, and the contribution of PET
film and engineering plastic to greenhouse gas emissions is the least. In the stage of waste management
and recycling, mechanical recovery and incineration are the main sources of greenhouse gas,
accounting for 58.8% and 31.2% of the emissions respectively. The carbon footprint of PET plastic in
different development periods shows that the changes of production and technology level of PET
plastic affect the carbon footprint of each period. According to the research results, the main sources
of greenhouse gas emissions in the whole life cycle of PET plastics were identified. And this study
proposes policies to improve the greenhouse gas emissions in the whole life cycle of PET plastic and to
promote the management and sustainable utilization of PET materials, which will provide scientific
support for the PET plastic industry to achieve the goal of carbon neutrality.

Keywords: Polyethylene terephthalate (PET), Carbon footprint, Plastic, Greenhouse gas

55: Lignin - An abundant resource for biocarbon for advanced engineering
applications
Maurice N Collins and Mario Culebras
Bernal Institute, School of Engineering, University of Limerick, Ireland.
The aim of this work is to develop carbon materials which are low cost, scalable, industrially and
economically attractive, based on sustainable and highly abundant bioresources which are not in
competition with food supply achieving application performances that exceed existing technologies,
whilst incurring minimal environmental impact. These carbon materials are produced from
lignocellulose biomass. We focus on lignin, a low value by-product from the paper and pulp industry.
The optimisation of porosity and surface area of these materials dramatically boosts performance levels
beyond the state of the art. To achieve this, we use a bioinspired design approach utilising many of the
concepts that have been developed in bioengineering, for example electrospinning, 3D printing and
freeze drying. These techniques are used to produce a variety of complex nanostructured carbon
materials for use for example as electrodes in batteries to meet the challenge of a future sustainable
society. Preliminary data from our lab has shown that lignin can be optimised to produce porous and
non-porous carbon materials through blending with biobased polylactic acid (porous) and biobased
polyurethane (non-porous). Here, we demonstrate the enormous potential of lignin to meet the everincreasing demand for variety of carbon-based materials at both macro (carbon fibers for structural
applications) and nanoscale (carbon nanostructures for battery electrodes.
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101: A Recycling Process for Thermoelectric Devices Developed with the Support of
Statistical Entropy Analysis
Omar Velazquez-Martinez (presenter), Artemis Kontomichalou, Annukka Santasalo-Aarnio, Markus
Reuter, Antti Karttunen, Maarit Karppinen, Rodrigo Serna
Thermoelectric devices (TEDs) are solid-state devices capable of converting a temperature gradient into
electric power. Due to their robust physical composition, the importance of TEDs has increased recently
as their applications have broadened from the aerospace industry to the recovery of waste energy from
heat sources. As a consequence, an increase in their consumption and future disposal is expected.
Nowadays, there is no recycling process designed for TEDs, thus representing an open-loop stream of
end-of-life products, which results in the loss of valuable materials.
This work aims to address this future problematic. Hereby, commercial thermoelectric devices were
mechanically processed and characterized. With the experimental results thus produced, statistical
entropy analysis was performed to propose a suitable recycling process. Three different mechanical
processing systems are compared based on their liberation and concentration efficiencies. Based on
the final values of statistical entropy, a final mechanical processing system is proposed consisting of
grinding in a ring mill for 60s, followed by sieving with a 3350µm and 1000µm openings and finalizing
with a dense media separation. The recommended system achieves a significant entropy reduction of
Cu and separation of plastics from ceramics and semiconductors in only four steps. The final recoveries
are TED components that may be suitable for metal refinement by other metallurgical means.

Figure 1 Proposed Mechanical Process for TED Recycling.
Keywords: Thermoelectric devices, recycling, statistical entropy analysis, circular economy.

110: Sustainable bioremoval of imazalil and thiabendazole with agrifood waste
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Valorization of biomass is an efficient and sustainable alternative to the urgent requirement to reorient
the production model towards a circular model based on bioeconomy. The reuse of agrifood waste
reduces emissions of polluting gases and avoids the deterioration of ecosystems. Usually agrifood
wastes have been added to soil for agricultural purposes or used in livestock feed, but in the last years
European Commission is promoting the reuse of resources as a key tool for an efficient circular
economy. According to reported studies, municipal wastewaters are considered the main source of
biocide emissions into the environment. After the use of products with biocides, a mass of them is
discharged into the wastewater and reaches the wastewater treatment plants through the sewage
system. But, in general, biocides cannot be completely eliminated in these plants with conventional
treatment technologies, which undoubtedly represents a potential ecological risk, since, although in
general, these substances do not pose acute risks to aquatic organisms or to humans, however longterm effects are still unknown in most cases, especially potential synergistic impacts.
Imazalil (IMZ) and thiabendazole (TBZ) are systemic fungicides employed to control a wide range of
fungal diseases on fruit, greens, and ornamentals. Both fungicides are most widely used in
packinghouse treatments to control postharvest decay in citrus fruits. TBZ is also used in paints of
housing materials as an antifungal material, and in clothing as antifungal processing agent. The
objective of this work was to evaluate the feasibility of using agrifood waste biomass from citrus peels,
artichokes, Opuntia cladodes and olive-mill residues as natural, cost-effective and sustainable sorbents
for IMZ and TBZ bioremoval from aqueous effluents. The dried residues were milled and sieved using
an 18-mesh sieve (1 mm) to obtain the sorbent powders. The zero points of charge (ZPC) of the agrifood
residues were evaluated by mass titration to know the surface functional groups present in each
biomass, revealing the predominant acid or basic characteristics of them at a given pH.
Batch experiments were performed at 25ºC under agitation in a reciprocal shaker by contact of 100 mL
of the fungicides working solution at fixed concentration (10 mg L−1) and a known amount of sorbent
biomass (0,1 g) for 24 in a conical flask at a constant agitation speed of 150 rpm. The solutions were
then filtered and the residual individual fungicide concentrations were quantified by high-performance
liquid chromatography. The mass balance equation was used for determining the sorption capacity 𝑞e
qe =

C 0 -C e
·V
m

(mg g−1) according to:
where 𝐶0 (mg L−1) is the initial fungicide concentration, 𝐶𝑒 (mg L−1) is the equilibrium concentration
after the adsorption has taken place, 𝑉 is the solution volume (L), and 𝑚 is the dried sorbent biomass
(g) added. The results are shown in Table 1.
Table 1. Bioremoval capacity of the agrifood waste sorbents investigated.
SORPTION CAPACITY
qe (mg g−1)
THIABENDAZOLE

SORBENT

IMAZALIL

Olive-mill residues
Artichoke
agrowaste
Opuntia cladodes
Citrus peels

9.03
1.95

8.61
6.57

1.75
6.64

2.89
6.11

In the light of experimental results obtained and their evaluation, the agrifood waste sorbents
investigated could be considered as potential ecofriendly and low-cost biomass for the elimination of
IMZ and TBZ fungicides in aqueous effluents. The most effective ones in both cases were the biomass
from olive-mill residues and the biomass from citrus peels.
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652: Estimating the economic value of green water to foster the green virtual water
trade
1 Benjamin Lowe, 2 Yelto Zimmer and 3 David Oglethorpe
1 Sheffield University Management School. 2 agri benchmark. 3 Cranfield School of Management
Green water – precipitation that is stored in the soil as moisture and consumed in the
production of biomass – provides the main source of water for crop cultivation, pasturelands, forestry,
and terrestrial ecosystems. Moreover, due to global limits on the further extraction of surface and
ground water (blue water), green water is key to addressing the ongoing challenges of population
growth and the alleviation of hunger in developing countries. However, green water is often treated as
an exogenous variable that is not subject to human intervention and policy prescriptions that promote
more efficient use.
At a local level, green water is land-bound and cannot be easily allocated between uses.
However, at the global level, agricultural commodities and their embodied virtual water are traded
between countries. This trade typically sees the cultivation of crops in water abundant rainfed locations,
exported to regions that would otherwise have employed local irrigation resources. The result is a
global saving of irrigation water and the negative environmental externalities associated with irrigation.
In addition, scarce blue water resources are freed up for other (often higher valued) uses. Here we
assess whether there is an economic rationale for the green-virtual-water trade proposition and the
increased and intentional allocation of crop cultivation to water abundant rainfed locations.
Utilising a unique dataset provided by agri benchmark, we model a realistic case study of maize
cultivation on typical farms in 16 major maize producing regions (across four continents) and provide
the first spatially variable estimates of the economic value of green water. These economic values are
contrasted with the economic value of blue water used for irrigation. We find that the volume of green
water employed in the cultivation of maize varies between 409 m3/tonne and 1547 m3/tonne; the
estimated economic value of green water varies between $ -0.04 m3 and $0.12 m3. We demonstrate
how these economic value estimates can inform global crop allocation decisions in favour of green
water-based cultivation, as well as inform decisions regarding the intensification and horizontal
expansion of rainfed agriculture. In so doing, we provide a further rationale for the green water-based
measures identified in the literature as the primary means of providing additional fresh water to
address pressing global challenges beyond the case study. However, we also discuss the challenges
associated with making greater use of green water resources as well as the barriers to reorganising
virtual water flows based on relative economic value/scarcity.
More broadly, this research is also an attempt to introduce environmental economics into an
emerging interdisciplinary agenda that recognises that water management now needs to include the
full hydrological cycle (including precipitation/green water) and larger spatial units that go beyond the
traditional focus on the river basin.
Keywords: blue water; economic value of water; global water resources; rainfall; water footprint.

150: A Survey on the Value of Waste for Informal Garbage Collectors and
Community’s Perception Regarding Environmental Sustainability; A Case Study of
Faisalabad-Pakistan
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Abstract: This study analyzed economic value of solid waste for informal garbage collectors. It also
evaluates community’s perception for better environment. Although waste management and
environmental sustainability is a worldwide problem, but Faisalabad’s residents also face problems
regarding solid waste, environment, clean water and clean air. The main objectives of this paper, which
has been explored; to study the socio-economic characteristics of the respondents, to evaluates the
resident’s perception regarding better environment and also estimate the income level of informal
garbage collectors and significant determinants of income which they generate through waste
collection. Data were collected from 125 households and 125 informal garbage collectors from
different parts of (7 districts) Faisalabad in the month of January and February 2019 through a welldeveloped questionnaire. Five categories (Waste collectors, (W. Cs), call on scavengers (CSs), transfer
point pickers (TPPs), Street pickers (SPs) and dumpsite pickers (DPs) were studied. They were
generating reasonable income; most of them were generating income above 20,000 rupees per month
by working on average 7 to 8 hours per day. Garbage collectors face many social problems like sexual
harassment for female garbage collectors and chances of occurrence of diseases during their work
much likely to happen. Lack of awareness of the residents was the critical factor for better environment.
In the second part; Ordinary least square (OLS) method was used to check the impact of different
factors affecting their income level. Working hours has significant impact on income level except others
(gender, age and equipment of collection). Support of the enhancement of private sector capacity and
experience through training, technical publications, and exchange and peer matching programmer.
Keywords: Solid waste, environmental sustainability, informal garbage collectors, Faisalabad.

442: How many indicators are needed for monitoring sustainable development goals?
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Sustainable Development Goals (SDGs), which act as the universally appreciated guidance for global
sustainable development, are measured by hundreds of specific indicators. However, the scale of the
indicators presents unprecedented challenges for the United Nations fully monitoring SDGs progress.
The cost for collecting the data for those indicators equals over half of the annual cost of the United
Nations, however, a large proportion of the data are still missing. It is therefore unpractical to base the
monitoring of SDGs on all the indicators simultaneously. Considering the high correlation among the
SDG indicators, it is possible to provide a subset of principal indicators from the hundreds of indicators
that is sufficiently small but at the same time representative for all the indicators. We use the principle
component analysis and multiple linear regression to find the principal indicators. Results show that a
set of 77 indicators, which are from 14 of the total 17 SDGs could explain over 90% variance of the full
dataset consisting of the data for 352 indictors of 217 countries during the year 2000 to 2017 from
World Bank.

491: Utilization of waste tiles in high-performance concrete
1,2Diana Mariaková, 1,2Tereza Pavlů, 1Kristina Fořtová
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This paper deals with the possibility of use waste tiles from different sources as a replacement for silica
flour in high-performance concrete. There is a summary of the available research results and our
research work, which is focused on waste tiles from ceramic used on walls (CT) and waste vitrified tiles
used as floor covering (VT). The chemical composition of the samples and ecotoxicity are also examined
and evaluated. The mechanical properties, the durability of the samples and their microstructure are
tested and compared with the reference samples containing silica flour. The results are expected in
accordance witch Czech standards,
Keywords: waste utilization, ceramic tiles, vitrified tiles, high-performance concrete

1. Introduction
Over the last few years, the decreasing amount of non-renewable resources and raw materials has
been one of the major problems. However, these materials are closely linked to the negative
environmental impacts - high primary energy consumption or CO2 emissions (Mlčochová, 2006). This
issue is connected with the global increase of waste (Kuntová, 2016). According to the latest data from
the Czech Statistical Office (from 2018), up to 41% of this waste is generated by construction activities
(construction, demolition, reconstruction, etc.). About 7-8% of global CO2 production comes from
cement production. Last years, there has been an effort to reduce the amount of concrete, or better
its environmental impact.
2. Materials and methods
The use of ceramics in the production of concrete is advantageous from several points of view. First, it
is a reduction of environmental impacts, which are not negligible in the production of cement.
Specifically, there are energy savings, conservation of natural resources and cost reductions
(Kaminskas, Mituzas, & Kaminskas, 2005). Ceramic materials can thus become a cheaper variant of the
additional binder for mortars and concretes - with properties almost equivalent (Vejmelková, Ondráček,
Sedlmajer, & Černý, 2010). However, this issue is specific, due to demanding production technologies
and clay firing processes. It is possible to use ceramic waste in concrete in various forms. All these claims
are supported by studies investigating the chemical composition, morphology of samples or the
amount of ceramic waste that can be added to concrete (Anderson & Smith, 2016), (Kannan, Aboubakr,
El-Dieb, & Reda Taha, 2017). Research that tests the replacement of aggregates or with ceramic waste
has recently appeared in the scientific field. Aggregate replacement reaches up to 100% with a
minimum decrease in mechanical properties. About 10% - 40% of Portland cement is replaced by
ceramic waste in the studies (Nuran & Ünal, 2000), (Kulovaná, 2018). Microstructure research has
shown that the addition of waste ceramics to concrete does not significantly affect cement hydration
(Kannan, Aboubakr, El-Dieb, & Reda Taha, 2017). This paper deals with complete silica flour
replacement by waste tiles from two sources – ceramic tiles (wall covering) and vitrified tiles (floor
covering). The recipe (Table 1) was developed in Department of Building Structures in Czech Technical
University in Prague during last years. The water coefficient for all recipes remained the same (ie v / c
= 0,27).
Table 1. Optimizing recipe of HPC with tiles.
Component

ρ
[kg/m3]
3110
2650

Cement I 42.5R
Aggregate
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m
[kg]
680
960

V
[m3]
0,219
0,362

Silica flour / Ceramic tiles / Vitrified tiles
Microsilica
Superplastificators
Water

2650
2100
1025
1000

325
175
29
171
2340

0,123
0,083
0,028
0,171
1,00
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429: High-resolution urban air quality mapping based on urban big data: a comparison
between stationary monitoring and mobile monitoring
Bu Zhaoa, Chunyan Wanga, Chenyang Shuaia, Ji Zhub, Ming Xua,c
aSchool for Environment and Sustainability, University of Michigan
bDepartment of Statistics, University of Michigan
cDepartment of Civil and Environmental Engineering, University of Michigan
Real-time information about urban air quality, e.g., the concentration of PM2.5, is important for
developing strategies for sustainable urban systems. In dense urban areas, air pollution is generally
monitored by networks of stationary monitors. However, due to the relative high acquisition and
maintenance costs, there are only limited number of air quality monitoring stations sparsely located in
a city, which is far from enough to capture the highly varying distribution of air pollutants. Nowadays,
mobile monitoring using portable monitoring devices equipped at large scale in operating vehicle fleets
is becoming a cost-effective alternative to provide additional insights into detail pollution
characteristics, which providing us a brand new way to map the urban air quality.

60

In this work, we equipped a small number of vehicles (taxies) in Beijing with inexpensive, portable but
adequate air pollution monitoring devices to continuously collect air pollution data in real time. We
then infer the fine-grained air quality information through a supervised learning approach, which based
on the air quality data reported by both existing monitoring stations and mobile monitoring devices,
together with other urban characteristics, such as meteorology, traffic flow, structure of road networks,
land uses, and point of interests (POIs). The best fitted model can reach a prediction accuracy with an
R square of 0.892. In order to demonstrate the significance and effectiveness of the mobile monitoring
data, we then used mobile monitoring to replace the stationary monitoring. To be more specific, we
deliberately removed certain stations from our study area and then used the mobile monitoring data
and the remaining stationary monitoring data to infer the air quality on those removed stations. The
extreme gradient boosting (XGboosting) algorithm was applied in above models and a greedy method
was used to remove stations through iteratively removing a single station each time. A station can be
removed if the prediction result from the above model can reach an equivalent or better prediction
result when compared with the model conducted by using only the complete stationary monitoring
data and their historical monitoring data. Our results showed that, after iteratively removing 17
stations, by only using the left 5 stations combined with our mobile monitoring data, the fitted results
on these stations can reach an R square higher than 0.8 ( averagely 0.832 on these 17 stations) and a
MSE of 9.72. These findings indicate that in a megacity like Beijing, only a small portion of monitoring
stations are still needed when we have enough mobile monitoring data (enough spatial and temporal
coverage) and for a city without enough monitoring stations, a combination of a small number of
monitoring stations and enough mobile monitoring coverage will be a more cost-effective to explore
the local air pollution condition.

675: A Review of Reverse Logistics Network Design and Quantitate Methods Applied
in Case Studies
1Kubra Sar 1Pezhman Ghadimi
1Laboratory for Advanced Manufacturing Simulation and Robotics, School of Mechanical &amp;
Materials Engineering, University College Dublin, Belfield, Dublin 4, Ireland.
Recently, reverse logistics (RLs) has become a popular research area both in academia and business
world. Abundant studies on RLs have been conducted, especially in developing countries. This review
paper examines the case studies in the field of RLs network design aiming at revealing novel research
opportunities in case application. The gathered articles were evaluated and categorized based on their
considered quantitative methods in different groups such as model type, decision variable, solution
technique, constraint types. A result of the review, it was emphasized that most of the constraints that
should be in case study applications are ignored and the purpose of most studies is only for economic
reasons. Also, exact solution approaches are preferred over metaheuristic/heuristic approaches. It has
been suggested that some important constraints related to resource and time should be included into
mathematical models to make case study more realistic. Finally, gaps and opportunities for future
research in this area is concluded.
Keywords: Reverse Logistics Network Design, Case Studies, Mathematical Modelling

34: Opportunism or symbiosis? A case study on contractors’ unsustainable highway
construction in China
Highway construction generates considerable adverse effects on the natural environment, which has
attracted closer attention from both government and the public. Although contractors are stimulated
to engage in sustainable construction, contractors still incline to select unsustainable activities. This
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research aims to investigate the reason why contractors adopt unsustainable practice. A semistructured interview and content analysis were employed to explore environmental changes and
contractors thought on making a decision. The research findings indicate that contractors use
environmental restoration to escape environmental responsibility and government punish, and
government has a tolerance on the environment which reduces environmental management. This
study offers a new perspective to investigate contractors’ unsustainable construction and provide clues
to improve sustainable construction.
Keywords: Sustainable construction, environmental impact, environmental restoration, content
analysis.

Day 2 Session 5: Circular Economy 1
81: Understanding the Future of Canada-UK Trade Relationships in a Circular Economy
Context
Dr. Deborah de Lange and Dr. Philip Walsh, Ted Rogers School of Management, Ryerson University; Dr.
Paul Sheeran, Winchester Business School, University of Winchester
Background
The UK will develop new trading relationships after separating from the European Union (EU). Although
the Comprehensive Economic and Trade Agreement (CETA) between Canada and the EU will remain in
effect with the UK over a transition period post-Brexit, a new Canada-UK trade agreement could
eventually replace it. Furthermore, any new international trade agreements are an opportunity for
developing a worldwide circular economy, eliminating waste while supporting social justice. Thus, the
new trade agreement between Canada and the UK could be precedent-setting in regards to
engendering a worldwide circular economy.
Objectives and Methodology
Through a literature review focusing on academic journal articles, this report investigates existing trade
theory and trade agreements regarding circular economy principles to inform the design and
implementation of future trade agreements between Canada and the UK, post-Brexit. This report
identifies gaps in that knowledge base and recommends future research that may facilitate Canada-UK
circular economy trade. A recent OECD report lays out a framework conceptualizing the potential
usefulness of circular economy trade and calls for more research on the subject (Yamaguchi, 2018). The
report proposes various linkages or interfaces along international value chains where circular economy
dynamics could be facilitated by international trade. This coincidence of similar thought between the
OECD and the researchers of this report implies the importance and relevance of research into the role
trade may have as part of a global circular economy.
We provide an overview of five themes consequential for the design and implementation of circular
economy trade agreements including: 1) inputs to trade agreement design such as the experience with
CETA, design elements of circular economy trade agreements in respect of 2) governance, 3) and tariffs
and non-tariff barriers, and some outputs of circular economy trade as related to 4) technology and
cross-border trade also leading to 5) sustainability and prosperity. A conceptual framework (See Figure
1) pictorially shows the linkages among this report’s themes. As well, researchers from both countries
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found experts across government, academia, and industry to validate and provide feedback on a draft
version of the review.
Results and Key Messages
In regards to identifying key takeaways and gaps in the literature for the eventual development of a
post-Brexit U.K.-Canada trade agreement that includes circular economy principles, this summary
highlights key messages and suggestions for future research. Overall, we found recognition in the
literature and in interviewee responses that a future UK-Canada trade agreement could support circular
economy trade. Sustainable aspects of the Canada-Europe trade agreement (CETA) could represent a
foundation. However, the CETA chapters regarding sustainability do not explicitly refer to the circular
economy and any future trade agreement might review and revise sections to include circularity.
In a future bilateral trade agreement, additional consideration for resource and waste management,
as well as design collaboration is required. Science-based case research could clarify the full cost
environmental impact of activities such as resource and waste management in the context of trade. An
evidence-based understanding of such activities in a global circular economy trade context is not readily
available. Moreover, evidence for the gains from circular trade could be addressed in future research.
This same research could first establish a baseline with an investigation of the existing dynamics
between Canada, the U.K., and other countries and then investigate how a circular economy approach
could be motivated.
Another suggested area of study is the examination of negotiating conditions for circular economy
trade. For example, the structure of the working groups involved in the negotiations could facilitate or
hinder increasingly complex negotiations. Also, stakeholder interests and representation in
negotiations is an important area of consideration. This issue has arisen in the past as related to
difficulties in the adoption of terms governed by subnational levels when they have not been
satisfactorily represented in negotiations. Moreover, research could clarify which industries are most
prepared to engage in circular economy trade to increase the likelihood of implementation. How the
negotiations could best include industry representatives could be incorporated into stakeholder
research. Negotiations should also focus on the clarity of the agreement and enforcement mechanisms.
In addition, negotiations should take into account both a formal trade agreement and complementary
non-trade treaties. Also, negotiators should be cognizant that well-structured trade agreements can
lead to reduced trade volatility through tighter integration of the respective economies.
Furthermore, the complexity of issue linkage in trade agreements would likely increase when
incorporating circularity across industry sectors and countries so this needs consideration. The clarity
of the agreement and the ability to enforce it is also in tension with complex issue linkages. Ultimately,
both sides will want to develop scenarios for how negotiation strategies could lead to gains from trade
and foreign direct investment across sectors.
Finally, a common view discovered through the interviews is that countries do not typically add new
terms to trade agreements unrelated to existing national agendas and activities. Thus, a circular
economy trade agreement is unlikely unless all parties to the agreement are already on a path to waste
reduction and sustainability. Such agreements may formally reinforce and normalize a global circular
economy.
Figure 1: Conceptual Framework
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734: Exploring Secondary Markets to Improve Circularity: A comparative case study of
photovoltaics and hard-disk drives
Liam Watts, Julien Walzberg, Alberta Carpenter, Garvin A. Heath
National Renewable Energy Laboratory 15013 Denver West Parkway Golden, CO 80401, United States
of America
Each year renewable energy generation increases notably with solar panel installations, but these
panels have a limited lifespan and will produce between 2 and 4 million metric tons of waste by 2040.
Similarly, there are currently between 20 to 70 million hard-disk drives (HDDs) reaching end-of-life
(EOL) annually. The circular economy (CE) strives to recycle and reuse materials that are rare and
expensive to obtain, minimizing waste. However, studying the potential circularity of photovoltaics (PV)
and HDDs requires various data, for instance, on the maturity of the secondhand markets. In this
context, the objective of the present study is to identify the current state of secondhand PV and HDD
markets. After conducting a literature review, an automated data collection process was set up for that
purpose. The analysis of the literature and collected data assess the maturity of the secondhand PV
modules and HDDs markets and highlight differences between them.
Keywords: Circular economy; agent-based modelling; photovoltaics; hard-disk drives; secondhand
market

576: Operationalization of Circular Economy from the perspective of Institutional
Theory: A framework proposal
1* Jorge Alfredo Cerqueira Streit, 2 Patricia Guarnieri, 3 Luciano Campos Batista
1,2 University of Brasília, Brazil
3 Aston University, United Kingdom
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*Corresponding author: jorgealfredocs@gmail.com
In pursuit of the achievement of the 17 Sustainable Development Goals (SDGs), organizations are
seeking to adapt their policies. SDG 12 aims to ensure sustainable consumption and production
patterns and for this paradigmatic change a concept has spread throughout the world: The Circular
Economy (CE). Although the literature on the subject is growing, there are still gaps related to the
absence of a theoretical basis. So, the objective of this paper is to propose a framework that enables
the analysis of the operationalization of circular economy from the perspective of institutional theory.
The discussion merges classifications used by authors of both themes and the results expose a
framework that can be used for empirical case analysis. Finally, the limitations and suggestions for
future studies are also indicated in order to contribute with researchers and practitioners in the field.
Keywords: Circular Economy; Sustainability; Theoretical model; Institutional theory.

724: Decision Matrix for development of new demand-driven Inter-organizational
Circular Economy systems
Istefani Carísio de Paula, Aline Cafruni Gularte, Isabella Rodrigues da Cunha e Paula, Vítor Toniazzo
Brunetto, Túlio De Castro Moraes, João Pedro Maciel Jaeger, D´Orleãs Fernando Barcellos de Freitas
Federal University of Rio Grande do Sul-NiProS/CNPq
The premise that guides this study is that for a successful new inter-organizational system of circular
economy, it is necessary to incorporate in it, companies that have already reached target audiences,
ensuring a pulled demand to the nascent system. However, how to select such companies? The
objective of this article is to propose a decision-making matrix for circular inter-organizational systems
driven by demand. The focus was on the stages of awareness, suggestion, and development of a multicriteria matrix, which can be used to decide on which companies will compose the circular system. The
proposed matrix allows analysis of several simultaneous criteria objectively, simplifying the cognitive
analysis and highlighting the selection criteria of enterprises that can pull the demand into the system.
This tool provides support to the development of a Circular Economy network, streamlining decisionmaking, rationalizing choices, and increasing the chances of success of the nascent circular system.
Keywords: Inter-organizational Circular Economy, demand pulled, multi-criteria matrix, decision
making.

108: Circular packaging design for maintenance of biodiversity through the relocation
of bees from urban areas
Ricardo Marques Sastre¹, Istefani Carisio de Paula², Marcia Elisa Soares Echeveste3, Cristiane Ferrari
Zeni4
1 Universidade Federal do Rio Grande do Sul, ricsastre@gmail.com
2 Universidade Federal do Rio Grande do Sul, istefani@producao.ufrgs.br
3 Universidade Federal do Rio Grande do Sul, echeveste@producao.ufgs.br
4 Universidade Federal do Rio Grande do Sul, ferrarizeni@gmail.com
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Extended Abstract. The principles of the circular economy mainly address issues related to the use of
renewable raw materials, cycle closures and non-generation of waste (GEISSDOERFER et al., 2017, EMF,
2013). In compliance with these criteria, a package to transport bees located in urban centers to a more
appropriate place was developed. Bees are extremely important for the dissemination and
maintenance of flora biodiversity; therefore, their procreation needs to be guaranteed (TOLEDO et al.,
2006; SOARES, 2004). Recently there has been an increase in the number of swarms and colonies of
Africanized bees in urban centers, since they have easy access to sugary substances, such as flowers,
sweets and soft drinks. However, they end up settling in inappropriate places such as pipes, cavities,
roofs, among others, which can cause risk to the population. Therefore, often the solution is to
exterminate the spots where the bees remain causing their numbers to decrease and, consequently,
endangering the region's biodiversity (SSERGS, 2012). Given this scenario, the objective of the study
was to develop an innovative packaging that meets the requirements of the Circular Economy and
allows the capture and transport of the bees to a more suitable location. For its development the
following steps were used: i) preliminary research to gather information about the project, target public
(bees) and technical information; ii) generation of alternatives; iii) design; iv) prototyping; v) validation;
and vi) application. The whole life cycle of the packaging has been developed in a circular way, using
recycled material, allowing its reuse many times and after its long use the box can be easily discarded
through the composting process. The design of the packaging made it easy to assemble through simple
fittings and without the use of glue. For composting, it is enough to cut into smaller pieces and to
compost at the place of use, avoiding the transport of the residue to another area, closing its life cycle,
obeying the logic of the biological cycle. The box - BeeBox - was patented in Brazil and received an
honorable mention at the Brazilian Packaging Association Award in the year 2016. The work sought to
minimize the environmental impacts of the packaging through: i) use of the raw material recycled and
without addition of chemicals; ii) structural design optimized and articulated through folds and fittings;
iii) compostable; and iv) promotion of care for the population and maintenance of bee development.
The main challenge in the development of the packaging was conducting the research with several
areas of knowledge (design, engineering, agronomy, biology), highlighting the need to work the
multidisciplinary way proposed by the Circular Economy (Rodriguez-Andara, et al., 2018). This study
aimed to contribute to future circular packaging projects using as premises the principles of the Circular
Economy and the multidisciplinarity in the construction of knowledge.
Keywords: Packaging design, biological cycle, circular economy, Apis melífera
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191: Environmentally Friendly Disposal of End-of-Life Plastics for Asphalt Production
1,2*
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1
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Polymers and plastics are main constituents of a variety of daily life products. Nevertheless, there is
great public concern on these materials mainly due to waste and end-of-life management. This work
reports an alternative for the recycle and reuse of End-of-Life Plastics (EOLP), as performanceenhancing additives of asphalt for road pavement. Physical-mechanical characteristics of Bitumen
50/70 mixtures containing different percentages of EOLP and other polyolefin waste (Secondary
primary polymeric materials, SPPM) are compared to standard Bitumen. All mixtures where
characterised to determine tensile strength, resistance by Marshall tests and Marshal quotation,
density, air voids, indirect tensile strength (ITS), indirect traction coefficient (ITC). Data highlight that
use of EOLP as bitumen modifier allows to improve Marshall Stability and ITS of road asphalts.
Moreover, benign features of this process clearly appear due to the increase in plastic reuse and
recycling, reduced plastic incineration, bitumen and additives consumption, waste management costs,
CO2 production.
Keywords: “End-of-life” plastic (EOLP) recycling, Asphalt production, circular economy, eco-friendly
manufacturing, sustainability

54: Circular Economy in the textile industry: evidences from the Prato district
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The transition towards a Circular Economy is a topic of great concern for the textile and fashion
industry, since such industry is currently the second most polluting one in the world. Although Circular
Economy is now on the rise in the academia and on the policy agendas, this model is still
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underdeveloped in practice. Unlike polyester, wool has long been compatible with recycling processes,
thus reducing environmental impact and contributing to closing the loop in a Circular Economy. The
district of Prato (Italy) has successfully established a woolen industry based on recycled wool since
centuries. Thus, this paper presents three case studies of companies operating in the Prato district, to
explore the challenges of Circular Economy in the textile industry. Design, legislation and competences
emerged as the main challenges preventing the uptake, on a larger scale, of this model.
Keywords: Circular Economy; Sustainability; Fashion industry; Textile; Circular Supply Chain.

Day 2 Session 6: Water and Wastewater Systems 1
168: Water saving device in laboratory practices of a Higher Education Institution
1
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This project proposes the use of a device that is added to the "organic synthesis kit" used in laboratories
to carry out distillation practices. Currently, saving this precious liquid is essential in the way of life that
the inhabitants of this planet have, anthropogenic activities cause severe damage to the environment
and water is the weakest and most vulnerable link in these activities. The material and equipment to
develop the proposed device is economical and easy to obtain. In the institution, 12 practices are
carried out during the semester and, in each of these, as many as 5 teams execute the experiment.
Each generating an approximate expense of 4.8 L / min, that is, 34,560 liters are wasted per semester.
The device uses only one gallon of water (3.78 liters) for the two hours of practice, so in the semester
it spends approximately 227 liters.
Keywords: device, distillation, practices, water saving.

679: Grit characterization at medium-capacity WWTP – A case study
Tetiana Kolosovska1, Sarah Bauer, Ph.D.2, Samantha Andeer, Connor Mack, Christa Ouellette and Leo
Thottumari
Department of Civil & Environmental Engineering, Henry M. Rowan College of Engineering, Rowan
University, Glassboro, New Jersey, USA
1

Presenter; 2Corresponding Author

Grit is a general term used to describe heavy, predominantly inorganic solid materials, consisting of
sand, gravel, cinders and dust, entering a wastewater treatment plant (WWTP). When allowed to move
past the plant headworks, grit can cause detrimental long-term effects on various components of the
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downstream system through abrasion of mechanical equipment, such as pumps and centrifuges, and
accumulation in aeration basins, channels or anaerobic digesters. Implementation of properly designed
grit removal technology can eliminate these issues and keep facilities reliably operating at design
capacity.
Conventional grit removal systems rely on settling of heavy inert particles by gravity and are designed
assuming idealized grit conditions, where the majority of particles are spherical sand granules, over 212
micron in diameter, with relatively high settling velocity. However, multiple studies carried out in the
U.S. and abroad have shown that these conditions rarely apply. In reality, grit is heterogeneous,
consisting of mostly non-spherical grains, smaller than 200 micron, containing a significant fraction of
organic matter, including particles, e.g. seeds and coffee grounds, and various hydrophobic coatings,
i.e. fats, oils and grease. Irregularities in particle size, shape and composition greatly affect settling
velocity, often rendering existing removal technology ineffective. Thus, recent approach in design of
grit removal systems places importance on source identification and characterization, which facilitates
development of optimally designed plant-specific solutions that take into account the nature and
characteristics of grit entering the WWTP.
The objective of this study is to characterize influent grit at a medium-capacity WWTP, which serves
both, coastal and inland communities, and does not receive industrial wastewater. This characterization
is based on solid particles composition, size distribution, settling velocity and organic carbon content.
Preliminary results indicate that at least 50% of the incoming grit particles have mean diameter of under
200 micron and low organic carbon content. It is evident that these parameters can vary temporally,
with significant deviations recorded seasonally and concurrently with significant storm events, when
the subject plant receives stormwater runoff with its influent. The projected outcomes of this study
include detailed characterization of influent grit during normal and storm conditions, which will be used
for design of a grit removal system capable of effectively handling both, normal daily loads and
increased grit input brought on by storms.

737: Towards Artificial Intelligence in Urban Waste Management: an early prospect for
Latin America
1

Júlia Bijos, 2Karla Oliveira-Esquerre, 3Luciano Queiroz, 4Viviana Zanta
1,2
Federal University of Bahia (UFBA), Industrial Engineering Program (PEI), Growing with Applied
Modelling and Mindful Analysis (GAMMA)
3,4
Federal University of Bahia (UFBA), Sanitary and Environmental Engineering Department (DESA)
juliabijos@outlook.com

The expectations about the increase of solid waste generation are a global concern to mitigate the
negative impacts caused by this scenario. Recent experiences show advantages in applying Artificial
Intelligence (AI) in Urban Solid Waste (USW) management. Although, developing countries face many
structural and governance barriers that limits the real potential of applying these technologies. This
study presents a worldwide outlook about the application of AI in USW management and identifies the
reality of Latin America countries in this new context. It is especially important to improve monitoring
and to create data management platforms. Also, this study collaborates on the minimization of possible

69

technological boundaries posed to Latin America region and besides, it can be considered a reference
study for countries in similar conditions.
Keywords: Urban Solid Waste, Artificial Intelligence, Machine Learning, Waste Management.

68: Rainwater Harvesting in the Rainforest: A Technical and Socioeconomic Review of
Community Approaches in Brazil
1

Amy Farrell, 1Dr Andrew Swan
1
Leeds Beckett University
This paper reviews potable water issues affecting river dwelling communities and assesses the use of
Rainwater Harvesting techniques to help meet potable water requirements. The study specifically explores
river communities on the periphery of the city of Belem, where there is no potable mains water supply. This
interdisciplinary study reviews the socioeconomic context of the different organisational stakeholders as well
as analysing technical data to ascertain the effectiveness of the systems in practice. Surveys indicate nearly
half of residents consume water from sources potentially contaminated by raw sewage and mining effluent
with detrimental impacts to public health. This paper reviews previous local studies and describes on-going
attempts to derive locally appropriate rainwater collection and treatment processes. This includes attempts
to construct and trial organic material-based rainwater filters that comprise of different mixes of sand, gravel
and activated carbon derived from by-products of local fruit processing industries, namely acai harvesting.
Keywords: Rainwater Harvesting; Peripheral communities; Water filtration; Governance

518: Investigating Microplastic Abundance with Differing Sources of Potable Water
Liddell, A., Geron, M., Cunningham, E., Smyth. B.
School of Mechanical Engineering, Queen’s University Belfast, UK
(aliddell01@qub.ac.uk)

The attractiveness of plastic, defined by its mechanical properties, inexpensiveness and relative ease
to produce, has led to a continual exponential rise in its manufacture. Larger plastic items
(‘macroplastics’) degrade over time, producing smaller plastic debris termed ‘microplastics.’ The
generally accepted definition of microplastics is any plastic item with a size < 5mm [1]. Microplastics are
also created intentionally for utilisation within products, such as personal care commodities. The
durability of plastic products, albeit seen as an attractive attribute to producers throughout all sectors,
has recently led to concerns regarding microplastic accumulation in the environment.
Research into microplastic contamination of environmental matrices currently remains in its infancy,
with the majority focused on marine environments. Recently, water treatment plants (WTPs) [2], tap
water [3] and bottled water [4] have been analysed, but methodology applied between each has varied.
One of the main issues for microplastic research is the inability to compare results between studies,
due to the lack of standardisation of methodology [1]. Therefore, although these studies may show
reliable results independently, it is difficult to make reliable comparisons between current results.
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The purpose of this study is to develop and apply a reliable and constant methodology for the sampling,
quantification and qualification of microplastics, which will be used for testing water from differing
sources. This will provide a novel comparability study, delivering a valuable and extensive overview of
drinking water, identifying areas with the highest risks.
Samples will be taken from three potable WTPs in Northern Ireland, with varying extraction sources: a
river source, upland source and reservoir source. Samples will be taken from various stages throughout
each WTP and tap water from households provided by each plant.
The results will provide knowledge regarding;
a) The ability to develop reliable methodologies for microplastic testing and analysis,
b) The relationship between water extraction sources and microplastic abundance in public drinking
water,
c) The consumption of microplastics from tap water, and,
d) The removability of microplastics via water treatment.
Volume-reduced sampling will be employed, using sieves with micrometer meshes, allowing for large
volumes of water to be analysed. Samples will be subjected to purification to remove biogenic material
via chemical treatment when required. Finally, quantification and qualification of particles found will
be completed using various microscopic and spectroscopic techniques. Positive and negative
procedural blanks will be run throughout to assure reliability of results. In-depth statistical analysis of
the results will be performed in programming language R to assess significance of relationships.
A preliminary study undertaken at one potable WTP (2017) found that microplastics were present in
100% of samples analysed (inlet, outlet and various treatment stages). It is expected that microplastics
will again be found in all samples. An overall reduction in microplastic abundance with movement
through the treatment system is also again expected, with fibres predicted to be the most prevalent
type (~95% overall in preliminary study) (Figure 1).

Figure 1: Example of microplastic fibres found in preliminary study (a: outlet, b: post-ozone treatment, c: inlet (1mm scale))

Additionally, it is anticipated that water sources associated with greater agricultural and urban land use
(reservoir; river) will show a greater abundance than rural sources (upland). Bottled water is expected
to show an overall higher microplastic abundance than municipal tap water.
Keywords: microplastic, water, drinking water, pollution

733: Novel hybrid materials for iron removal from contaminated waters and reduced
human health impact
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National Institute for Research and Development of Isotopic and Molecular Technologies, 67-103
Donat, 400293 Cluj-Napoca, Romania, alexandrina.nan@itim-cj.ro, rodica.turcu@itim-cj.ro
3
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Heavy metal pollution due to rapid industrialization and population growth represents a
serious threat on the environment and all life forms (El-Amier et al., 2017) The persistent nature of
these compounds raises significant toxicological concerns for the ecosystems and thereby human
health. In this context, researchers have been focusing on developing new materials through „green
chemistry methods” as efficient means to remove this type of pollutants from the environment
(Francesca et al., 2008; Guzzella et al., 2002). Therefore, synthesizing new eco-friendly materials with
chelating and adsorption properties, represents a viable and useful alternative to classic
decontamination methods, considering both the cost-benefit ratios and the adsorption capacity of
retaining toxic metal ions. Nature offers a wide range of raw biomaterials with different functions,
which served as source of inspiration for our research work.
We report here the preparation of novel types of materials, namely: zein nanoparticles stabilized
with didecyldimethylammonium bromide (ZEIN-DMAB) and Tween80 (ZEIN-TWEEN). The newly
synthesized materials were structurally investigated by transmission electron microscopy (TEM),
Dynamic Light Scattering (DLS), thermogravimetric analysis (TGA), Fourier-Transform Infrared
spectroscopy (FTIR) and iron concentrations were measured by Atomic Absorption Spectroscopy (AAS).
We performed adsorption equilibrium and kinetics studies and used pure zein in our experiments as
reference. Experimental data were fitted on Langmuir, Freundlich, Temkin, Dubinin-Radushkevich
equilibrium isotherm models and pseudo-first order, pseudo-second order and Weber-Morris intraparticle diffusion kinetic models. All these materials were able to complex or adsorb iron ions and were
applied also on contaminated water samples collected from the north-western part of Romania former mining areas. Exposure doses used to estimate the human health risks associated with
contaminated water ingestion were calculated according to US EPA protocols.
Significant changes in the physico-chemical parameters and iron content were recorded after
adsorption with the novel materials. Maximum adsorption efficiency up to 90% was reached after 45
minutes of contact. The estimated hazard quotients and indices, were below the safe level of 1, showing
that the iron level in water samples could not pose a health risk on potentially exposed population
groups.
In conclusion, two novel types of materials were developed through easy synthesis methods.
The resulting materials were prepared at a low cost and exhibited good adsorption properties,
recommending them as attractive candidates for applications in wastewater treatment.
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Day 2 Session 7: Transportation Systems 2
601: Contribution of Bike-Sharing to Urban Resources Conservation: The Case of FreeFloating Bike-Sharing
Shouheng Sun1, Myriam Ertz1*
* Corresponding author
1
LaboNFC, Université du Québec à Chicoutimi, 555, Boulevard de l'Université, Saguenay (QC), G7H 2B1,
Canada
This study investigates how free-floating bike-sharing (FFBS) contributes to urban resources
conservation. Using actual data from urban transportation systems and from the bicycle industry, a
quantitative analysis compares the changes in resources utilization before and after the emergence of
an FFBS scheme as compared to station-based bike-sharing (SBBS) and privately-owned bike (POB)
systems. The findings demonstrate that FFBS improves the utilization of resources of the urban bicycle
ecosystem. Currently, it may reduce the consumption of aluminium by 15.3%, the consumption of steel
by 10.6%, the consumption of plastic by 13.0% and the consumption of rubber by 18.4% per bicycle
trip across the city. In comparison to SBBS, FFBS shows therefore more fruitful avenues for resource
conservation.
Keywords: bike-sharing, mutualization, accessed-based consumption, sustainability, resource
conservation; transportation.

488: Well-to-wheel Life Cycle Assessment of Electric and Conventional vehicles: A case
study of Hong Kong
Muhammad SHAFIQUE a,b,*and Xiaowei LUOa,b,*
a
Department of Architecture and Civil Engineering, City University of Hong Kong, Hong Kong.
b
Architecture and Civil Engineering Research Center, Shenzhen Research Institute of City University of
Hong Kong, Shenzhen, China
* Corresponding authors: m.shafique@my.cityu.edu.hk; xiaowluo@cityu.edu.hk
With the growing number of vehicles in Hong Kong, the transportation sector is a significant contributor
to carbon dioxide (CO2) emissions. Moreover, the extensive use of fossil fuels has degraded the natural
environment, which further can cause the depletion of available resources as well as threaten human
health. Under these circumstances, the use of an electric vehicle (EVs) is one of the optimal choices to
reduce CO2 emission and air pollutant emissions in the transportation sector. However, in the case of
EVs, the source of electricity is one of the essential aspects which need attention in the future.
The present study uses the life cycle assessment (LCA) method to analyze and compare the life cycle
greenhouse gases (GHGs) emissions from electric and conventional vehicles for current (2020) and
future (2025, 2030, 2035 and 2050) vehicles in Hong Kong. This study analyzes both the fuel life cycle
and vehicle life cycle for electric and conventional vehicles. Different scenarios include future HK
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electricity mixes, were analyzed to evaluate the GHGs emissions reduction of the electric vehicle in
coming years. This study will explore the following questions; (1) At what degree electric vehicles help
to reduce CO2 emission as compared to conventional vehicles; (2) What environmental benefits could
be achieved with vehicle electrification compared with ICEVs by utilizing the Hong Kong future energy
mix scenarios?.
The LCA was performed for internal combustion vehicles (ICEVs) fueled with diesel and petrol and EVs
with future electricity energy mix scenarios (2020-2050). Furthermore, the ReCiPe method was
selected to assess the impact of vehicle production and use phase. The results revealed that EV with
the 2050 HK electricity mix is a sustainable choice and has the least environmental impact than
conventional vehicles. Besides, ICEVs with diesel were found to be the second optimal choice to reduce
the environmental impacts in current scenarios. In contrast, the ICEV-petrol has the utmost
environmental impacts in all damage categories results. Besides, this study stresses the use of
renewable energy sources for the future sustainable transportation system.
Keywords: Life Cycle Assessment; Electric Vehicle; Conventional vehicle; Well to the wheel, Hong Kong

589: Design of Municipal Solid Waste Storage and Collection system using Google Earth
and Google Maps
Abhishek Singhal*1, Brajesh K. Dubey2
1

Tampere University, Finland

2

Indian Institute of Technology Kharagpur, India

Due to lack of data availability, designing an integrated municipal solid waste system is a big challenge
for many urban areas in the developing and underdeveloped nations. But with the help of available and
easily accessible Remote Sensing and Geographic information system (RS and GIS) tools, the efficiency
of the municipal solid waste storage and collection system can be increased significantly. Google Earth
Pro and Google Maps are easily accessible and freely available online RS and GIS tools which can be
used for developing waste management systems and analysing their associated environmental impacts.
In the present study a simple approach for developing waste collection system is shown which requires
significantly less amount of data and easily accessible software’s. Guwahati city, India was selected as
the study area in the present study and the study area mainly includes the commercial and residential
areas of the city. By using basic population, per capita waste generation data and waste composition,
appropriate bin sizes were calculated for the storage of segregated secondary municipal solid waste.
Then by using Google Earth pro software bin location plan was prepared with the service areas of each
bin. For drawing routes for waste collection, Google Earth pro software was used with manual vehicle
routing approach. For choosing appropriate time for vehicle routing, historical traffic data of the city
road network was used from the Google Maps. Approach used in the present study can be extend to
other urban areas in developing or underdeveloped nations for designing waste collection system.

63: An alternative approach to estimate the distribution of electric vehicle charging
stations at national level: A case study of the US
1

Fangchen Shi, 1Tianheng Shu
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Abstract. At present, the consumption of fossil energy by the internal combustion engines and the
exhaust gas it excludes has caused serious energy crises and environmental pollution globally.
Therefore, electric vehicles (EVs) are strongly promoted in various countries. However, the rapid
development of electric vehicles requires a reasonable plan in distributing charging stations, which will
affect the investment decision strategies and the sustainability of electric vehicles nationally. So, it is
imperative to study its future development and distribution to optimize the allocation of resources.
This study predicts the future time series about the number of electric vehicles, charging stations based
on the TESM (triple exponential smoothing method), and suggests the economical distribution ratio in
cities, suburban areas, rural areas based on the AHP (analytic hierarchy process) through the analysis
of eight main factors including charging station capacity, traffic flow, travel mode, distribution network
status, charging demand, charging station service radius, regional economic development, road layout.
A demonstration of the US is presented to show the application of this alternative method. The findings
of the study are as follows:（1）all the cars in the US will be completely replaced by the electric

vehicles in 2032, and the number of charging stations will reach 3.5 million at that time;（2）the
reasonable proportions of the three regions are 58%, 27% and 15% respectively in the US. The research
method in this study can help policy makers and practitioners to analyze future development trends
and develop a suitable distribution plan for the network of electric vehicles charging stations in their
countries.

Keywords: EVs charging stations, Distribution, TESM, AHP, A case study of the US

653: V2G-capable shared autonomous electric vehicles fleet: Economic viability and
environmental co-benefits
Zitong Liao†, Morteza Taiebat†,‡, Ming Xu†,‡,*
†
School for Environment and Sustainability, University of Michigan, Ann Arbor, MI, USA
‡
Department of Civil and Environmental Engineering, University of Michigan, Ann Arbor, MI, USA
*
mingxu@umich.edu

The growing interests in the emerging vehicle technologies including automated, electric and shared
mobility has led to a wealth of research in design, operation, and economic analysis of future fleets. The
Shared Autonomous Electric Vehicle (SAEV) fleets are poised to reshape the mobility system by
providing on-demand short term service to travelers. Several recent studies have shown the service
level and performance of a SAEV fleet compared to ridesourcing of transportation network companies
(TNCs), taxis, and privately-owned vehicles. A recent agent-based modeling simulation of operating SAV
and SAEV fleets has demonstrated that the optimal size of a fleet to serve 12% of daily travel demand
Ann Arbor, MI is 4,000 vehicles to maintain the passenger wait time below 5 minutes with less than 1%
missed trips (Lu et al., 2018). This fleet has an average vehicle-miles-traveled (VMT) of 104 miles per
vehicle per day (ranging from 14.5 to 340 miles) with average 7.4 vehicle-hours-traveled (VHT) per
vehicle per day. Given the range of per mile fare for SAEV operation in the literature, 0.55 to 1.20 USD
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per revenue mile (Bösch et al., 2018; Compostella et al., 2020), this fleet does not reach the breakeven
point before the fleet turn-over.
In this study, we use the results of prior simulation models to analyze how Vehicle-to-Grid (V2G) capable
SAEVs can improve the economics of fleet operation while providing grid services to the region. A V2G
capable SAEV provides distributed mobile energy storage for the power grid that performs demand side
management services such as frequency regulation, spinning reserve, and peak shaving (Taiebat and
Xu, 2019). V2G can also reduce the total air pollutant emissions by abating the emission from peaker
plants, which is closely related to the local power generation structure. V2G also helps to solve the
randomness and volatility of renewable energy by storing scattered, temporarily unused renewable
energy in the vehicle battery. This promotes the integration of renewable energy and has a positive
effect on the decarbonization of the energy structure.
Our findings suggest pivoting V2G service can reduce the cost of SAEV250 fleet by 19.6% compared to
Shared Autonomous Vehicle (SAV) fleet by generating revenue, thus making it economically feasible to
replace SAV fleet. Besides, from the perspective of energy-saving and GHG emission reduction, V2G
can further leverage the environmental benefits of SAEV compared to SAV. Compared with the SAV
fleet, the provision of V2G services can enable the SAEV250 fleet to save 7.1 times of GHG emissions
and 29% of energy consumption, instead of emitting 64.1% of the GHG and consuming 58.6% of the
energy.

356: Transport electrification at all environmental costs? The case of large passenger
duty-vehicles
1

Anne Bouter, 1,2Emmanuel Hache, 1Gondia Sokhna Seck
1
IFP Énergies nouvelles, 1-4 av. de Bois Préau, F-92852 Rueil-Malmaison, France
2
EconomiX-CNRS, University of Paris Nanterre, France
Electrification is often highlighted as the future for transportation sector as it is considered as a zero
tailpipe emission. However, environmental impacts related to battery electric vehicles (BEVs) exist. The
aim of this article is to identify the trade-off between batteries’ weight and vehicle’s autonomy from
an environmental perspective in the BEVs’ development as electrified mobility will consume more
critical materials but reducing tailpipe emissions. Thus, a focus on climate change and resources has
been done using a life cycle assessment (LCA) methodology. Large vehicles (D-segment) for BEVs and
their fossil thermic counterparts have been assessed for two time horizons (2019, 2030) in Europe. Our
linear programming world energy-transport model, TIAM-IFPEN, has been used in order to assess
demand and import dependency on materials through to 2050. Results show that BEVs can generate
higher impacts than their inherent conventional ones and that criticality assessment should be done in
order to get a complete view of BEVs’

Day 2 Session 8: Mining and sustainability
428: Electroflotation of iron ore fines using biosurfactant
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Rua Marquês de São Vicente 225, Gávea, Rio de Janeiro, RJ 22453-900, Brazil
Conventional flotation shows low recovery of the fine particles due to the low probability of bubbleparticle adhesion and collision, what can be solved with the electroflotation process. Electroflotation
uses oxygen and hydrogen microbubbles (<100µm) generated from water electrolysis. In addition, this
process can become a biotechnology using a biosurfactant. The present work aims to evaluate the
recovery of hematite fine particles from an iron ore using the electroflotation process with a
biosurfactant obtained from Rhodococcus opacus. The tests were conducted with an iron ore (38+20μm) in a Partridge-Smith modified electroflotation binary cell. The parameters used in these tests
were current density (16 mA/cm2), agitation (300rpm), electrolyte concentration (0.2mol/L),
conditioning time (5min) and flotation time (10 min). The pH range between 3 and 11, biosurfactant
concentration (50 to 800mg/L) were evaluated and up to now, the results show that the electroflotation
process was able to concentrate the hematite of the iron ore.
Keywords: Eletroflotation, biosurfactant, iron ore and hematite.

577: Circular data framework throughout the whole value chain from mining to
manufacturing, from refurbishing to recycling
Tetiana Shevchenko1
Yuriy Danko1
1
Sumy National Agrarian University, Ukraine
The paper attempts to develop a framework for circular data throughout the whole value chain from
raw material mining to finished product manufacturing, from end-of-life products collection via
refurbishing to recycled product manufacturing. In order to cover by metrics all enterprises belonging
to different economy sectors, we propose to use the specific approach to measure circularity based on
the segmentation of the whole resource cycle as a set of transformations of a substance or group of
substances at all stages of its use by human. The findings contribute to development an industry
standard for circular data by enterprises belonging to different economy sectors.
Keywords: circular economy, circular data, circularity, measurement, metrics.

656: Social impacts of resource extraction for the clean energy transition: a qualitative
news media analysis
Resource extraction is fundamental to our society and it is essential that the mining industry moves
forward in a way that is in line with sustainable development as our reliance on resource use is only
increasing with a transition to clean energy. Clean energy technologies, especially solar photovoltaic,
wind, and geothermal are more mineral intensive compared to fossil fuel. The social dimension of
impacts is often understudied in global sustainability assessments on resource extraction largely due to
data availability.
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The SCARCE method on resource criticality included a social dimension in their assessment but it was
limited in scope mostly to impacts on the worker and society due to data availability. In this study, a
qualitative news media analysis was conducted on 22 resources that are critical to the clean energy
transition to assess and categorize the social impacts in countries that export to Europe. The framework
provided by the UNEP Methodological Sheets for Sub-Categories in the Social Life Cycle Assessment (SLCA) and the Guidelines for Social Life Cycle Assessment of Products and Organizations 2020 were used
to create pre-coded categories to document the type of social impact reflected in the news reports.
The results of the media analysis were compared to the social risk dimension of the SCARCE method.
In the news media analysis, the stakeholder group local community faced the most social impacts
portrayed in the news reports followed by the stakeholder worker across the 22 assessed resources.
The local community most often faced social impacts in the subcategories: respect of indigenous rights,
delocalization and migration, access to material resources, community engagement, and safe and
healthy living conditions. The news media analysis results showed that there are many categories of
social impacts with documented occurrences that were not included in the SCARCE social risk
dimension. The social risk dimension in SCARCE does not fully capture the complete social costs of
resource extraction as it does not address impacts to the local community.
This research provides a basis to create a more comprehensive social risk dimension in the SCARCE
method and other assessment tools. The qualitative data gathered in this analysis will be used as a data
source to calculate a more inclusive social risk score within the SCARCE method and is planned for the
future.

663: Energy decarbonization in the European Union: Assessment of photovoltaic waste
recycling potential
E. Kastanaki, A. Giannis
School of Environmental Engineering, Technical University of Crete, 73100 Chania, Greece
The European Green Deal outlines the way to climate neutrality by 2050, through the broad decarbonization of all areas of economy while the Renewable Energy Directive delineates a policy for the
production and promotion of energy from renewable sources by covering at least 32% of EU’s total
energy needs with renewable energy by 2030. All member states have established National Energy and
Climate Plans (NECPs) for 2021-2030 to decipher how they will cover their energy needs by renewable
sources. The present work considers the targets set by each of the EU-27 countries to implement, in
particular, solar photovoltaic modules (PVs) to cover the energy needs. Then the future PV waste
volumes are assessed using a Weibull function considering a regular and early loss scenario proposed
by IRENA (IRENA 2016), as well as the scenario proposed by EU WEEE Directive (WEEE, 2017), resulting
in PVs lifetimes of 26.6, 27.7 and 22.5 years respectively. The last scenario adopts a shorter lifetime
but this can reliably model the PVs fails in conditions of transportation, installations and use in the EU
continent.
Currently the solar PV industry in EU is expanding aiming to capture the additional solar demand. A
recycling plant has started operation in France in 2018 (Veolia), but significant volumes of end-of-life
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PV panels are not anticipated till the next years. Candidate countries for the establishment of a
photovoltaic recycling plant are indicated based on the annual PV waste generated in each country until
2030 and then corporations can be set up to serve neighboring countries. Germany is the first country
to accumulate great amounts of waste PVs. For a recycling PV waste plant to be feasible the minimum
annual amount of the waste is estimated at 20 kt (Choi and Fthenakis, 2014). This will be satisfied in
2024 according to regular loss scenario while the early loss and EU WEEE scenario predict that the limit
waste amount has already been generated in 2016 and 2018 respectively (Figure 1). By implementing
efficient collecting and recycling schemes, the materials can be used in the construction of new PVs
within EU closing the material loop and therefore strengthening economy.
The findings can contribute to the efficient management of the fore coming e-waste category in EU,
closing the loop between resources, products and waste. Thus, a sustainable and reliable source of raw
materials in the EU will be ensured, which will contribute in covering the increased demand for minerals
and metals associated with low-carbon technologies. Moreover, the outcomes will assist EU policy
makers to establish the management and recycling of waste PVs according to circular economy
principles, ensuring the pathway to sustainability.
Key Words: Energy decarbonization, European Union, photovoltaic waste, circular economy

740: Extraction, production and exportation of boron elements in Turkey
Bertrand Laratte, Birol Elevli, Irem Yaman
Borate is an important material to numerous industries and even to individual countries' economies,
defense, and politics. Almost all industries need borates for production, and almost everybody needs
their products. Borate is a compound that contains or supplies boric oxide (B2O3). Among the minerals
that contain boric oxide, there are only four minerals significant from an economic standpoint, namely
borax (tincal), colemanite, ulexite and kernite. Turkey has almost 70% of all known reserves in the
world. Therefore, borates and their products could be one of the main topics for sustainable
development in the whole world. Recent development and pursuit of new boron-consuming
technologies and alternative products to existing borate-consuming products introduce additional
uncertainty to the sustainability of boron minerals. Therefore, European Union (EU) commission also
declared borate one of the 30 critical raw materials. Turkey is a prosperous country in terms of boron
reserves, and it exports almost 96% of borates production. In order to better understand the relation
between borate minerals and borate products, a material flow analysis (MFA) study has been carried
out within the content of this work. For this purpose, a system has been established that shows the
flow of boron material. Extraction, enrichment, and refining processes of boron products are drawn.
The results indicate that about 41% of extracted colemanite ore is converted into refined borate, about
31%of tincal ore is converted to refined borate, and 4% of tincal ore is converted to end-usage products
as detergent. The correctness of data and sensitivity of processes are all estimated values. The results
can help in the development of boron sustainability and boron production strategies. The MFA study
on tincal and colemanite ore may be an example of boron studies in different countries.
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426: Selective Bioflocculation of Ultrafine Hematite Particles using the Yeast Candida
stellata
1
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Abstract.
The loss of ultrafine particles has been one of the biggest problems in mineral recovering during
concentration process. One alternative to solve this problem is the use of biological raw material in
processes like flotation, coagulation and flocculation, however, there are few studies related to ore
treatment involving the bioflocculation process. This research aims at a study of the processing of
ultrafine hematite particles using the biosurfactant extracted from the yeast Candida stellata. The
bioflocculation experiments will be evaluated by jar-test assay, evaluating the influence of parameters
like pH, solid concentration and biosurfactant concentration. The interaction of the bioreagent onto
the mineral surface will be evaluated by FTIR (Fourier Transform Infra-red) analyzing the functional
groups absorbed and surface tension measurement. This research aims as a sustainable route for the
recovery of ultrafine hematite particles using a biodegradable material with high efficiency meeting
with the requirements demanded for this purpose.

Keywords: Hematite, Quartz, Bioflocculation, Biosurfactant, Iron Ore.

Day 3 Session 1: Governance, legislation, and policy for
sustainability 1
714: Impact of China's direct investment on CO2 of other Belt and Road Initiative
countries
Xianhong Su
School of Economics and Management, Beijing University of Technology, Beijing 100124, China
This study is supported by National Natural Science Foundation of China (No. 41871201)
Abstract: The economic cooperation between China and other BRI countries is increasingly closer. The
direct investment is an important form of economic cooperation. The existing literatures have found
that foreign direct investment is a crucial factor influencing the host country’s carbon dioxide emissions,
and have formed two hypotheses, namely Pollution Haven Hypothesis and Pollution Halo Hypothesis.
Does China's increasing direct investment affect carbon dioxide emissions of other BRI countries?Are
there any differences among countries under different income levels? This paper uses the data from
2003 to 2017, taking carbon dioxide emissions of other BRI countries as the dependent variable and
China’s direct investment in other BRI countries as the independent variable, and using capital stock,
labor stock, secondary industry, the proportion of value in GDP, urbanization rate and energy
consumption per unit of GDP as control variables. A panel quantile regression model is established to
analyze the impact of direct investment in China on the carbon dioxide emissions of other BRI countries.
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The empirical analysis results show that: First, the impact of China's direct investment on the carbon
dioxide emissions of other BRI countries is -0.03%, indicating China's direct investment can reduce the
carbon dioxide emissions of other BRI countries. Every 1% increase in China's direct investment leads
to 0.03% decrease in carbon dioxide emissions. Secondly, the regression results of different groups
show that in both a high-income group and a low-income group, China's direct investment can help
reduce carbon dioxide emissions. In the group of high-income countries,every 1% increase in China's
direct investment leads to 0.04% decrease in carbon dioxide emissions. In the low- and middle-income
group, every 1% increase in China's direct investment leads to 0.02% decrease in carbon dioxide
emissions. Finally, both a full sample and groups of different income levels, other control variables have
a positive effect on carbon dioxide emissions of other BRI countries, indicating they will promote carbon
dioxide emissions.

699: How Can China Achieve A Sustainable Development of Shale Gas? -- Implications
of River Chief System to water governance for shale gas in China
1 Qianyu Dong1, 2Ling Zhou
1.2 School of Economics and Management, Southwest Petroleum University, Chengdu 610500, China

Abstract. Along with China’s ambitious strategy for shale gas development, water contamination risks
with shale gas extraction has aroused great attention. Meanwhile, an innovative water management
mechanism called as ‘River Chief System’ has been popularizing around China to improve the river
water quality efficiently. Could this mechanism be available in shale gas water risk management？And
how could it be adapted to improve the sustainable development of shale gas？Therefore, this paper
starts by a discussion on the logic of River Chief System’ success and worries; then, a comprehensive
examination of current multi-channel governance system of shale gas in China is presented to explore
the dilemmas in its water governance; and a causal loop model is built to clarify interrelations among
these dilemmas. The result identifies that River Chief System’s superiorities which can be learned are
mainly reflected in clear responsibility, authority and multi-sectoral collaboration system. However, its
temporary "campaign-style" character, over-reliant on the commitment and capability of river chief,
blurred evaluation mechanism has hindered its expanding in the long run. Accordingly, 5 policy
implications based on River Chief System for the sustainable improvement of shale gas is presented.
Keywords: water contamination risk; water management; shale gas; river chief system; governance.

720: Study on urban land-use change-driven Evolution and economic efficiency
evaluation-taking Dongguan as an example
MiaoHe , Jianhui Ma , Mou-yuan Fan
(Hebei University, Scool of Economics, Baoding 071002)
The change of urban land cover can reflect the change of urban ecology and the change of regional
resources, and can be used as an indicator to measure the sustainable development of a region. The
energy resources region has the unique factor endowment, its development evolution pattern is closely
related with the factor endowment. With the implementation of ecological economy and green
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development strategy, the development and evolution pattern of energy and resource areas is
influenced by talent policy, industrial policy and ecological environment policy, the dynamic change of
land use and the value of production products in this area were estimated by using the technology of
spatial data analysis and ecological footprint estimation. The economic efficiency of the region is
evaluated in terms of Dongguan's population concentration, fixed asset investment, built-up area and
proportion of ecological services. The study shows that Dongguan's economic efficiency has been
effective in 2018, with an increase in population concentration, an increase in built-up area, a decrease
in the proportion of ecological services, and a decrease in the proportion of fixed asset investment, it
shows the ecological and economic rationality of the existing development model. This conclusion has
reference value for the development and transformation of cities in other energy resource regions in
China.
Key words: Resource area, ecological product value, land use and cover change, driving mechanism

713: The evolution of China’s new energy policy (1995-2021): an analysis based on
policy tools
1 Yuechi Sun, 1 Haiyan Liu, 1 Yaxin Su
1 School of Economics and Management, China University of Geosciences, Beijing, 100083, China
Greenhouse gas emissions cause global warming, which is widely concerned by the international
community. Further strengthening energy conservation and emission reduction is an urgent need to
deal with global climate change. As a responsible big country, China has been making strong policies
and measures to achieve the goal of energy conservation and emission reduction. This paper takes the
evolution process of China’s new energy policy as an example, based on the policy tool theory, using
the content analysis method, studies the structural evolution of China’s new energy policy from 1995
to 2021. The results show that: (1) As time goes on, the frequency and strength of policy combination
from central government to local government gradually increase;(2)In terms of the use of new energy
policy tools, the central and local governments mainly use mandatory command and control tools,
supplemented by economic incentives and social autonomy tools;(3)According to the different tasks of
energy conservation and emission reduction, eastern coastal provinces tend to use more flexible
economic incentive tools, while central and western provinces tend to use command and control tools.
Based on the historical evolution trend of the existing policies, this study predicts that in the next 10
years, mandatory tools will continue to be the main policy tools to be used, and mixed tools and
voluntary tools will be increased appropriately, so as to achieve the goal of carbon dioxide emission
peak ahead of time and carbon neutrality.
Keywords: new energy policy; policy tools; policy evolution; content analysis method; energy saving
and emission reduction.
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264: Multi-objective Optimal Wind Capacity Allocation Based on Spatial
Characterization for Wind Energy Variation in China
Chongyu Zhanga, Xi Lua, *, Guo Rena, b, Shi Chena, Aoife M. Foleyc, d, *
a State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment,
Tsinghua University, Beijing 100084, China.
b School of Computer Science, China University of Geosciences, Wuhan 430074, China.
c School of Mechanical & Aerospace Engineering, Queen's University Belfast, Belfast BT9 5AH, United
Kingdom.
d Civil, Structural and Environmental Engineering, Trinity College Dublin, Dublin 2, Ireland.
Wind energy utilization has become a key strategy in China to mitigate carbon emissions and achieve
China’s long-term climate target of carbon neutrality by 2060. China has seen rapid development of
wind power since 2005. However, wind energy deployment in China has also been challenged by
serious curtailment issue due to the inherent variability of wind power. Existing research literature
indicates that aggregating wind energy from geographically distributed wind farms can smooth wind
power fluctuation, which is referred to as the geographical smoothing effect and is beneficial to
integration of high penetration of wind power. However, most research has only analyzed the volatility
of wind power from different regions or only optimized the wind power capacity, while lacking a
comprehensive analyses of fluctuation pattern and optimal capacity allocation. Besides, considering
the rapid development of the wind power industry, research on the geographical smoothing effect in
China is still limited.
To fill in the literature gap, this present research aims to establish a synthetic analyses system to
evaluate regional differences of wind energy variability in China and to optimize capacity allocation by
introducing the concept of wind energy fluctuation zones. Based on earlier studies, GEOS-5 assimilation
data is used to develop a wind energy geographical model and a clustering analysis method is firstly
applied to divide the Chinese mainland into seven zones to characterize the regional variation features
of wind power. Furthermore, a multi-objective optimization model combined with an improved ideal
point method is developed to determine optimal wind capacity allocation for individual clustering
zones, which aims at improving electricity generation, decreasing power fluctuation and increasing firm
capacity simultaneously.
The results show that the zone division derived from the clustering analysis is similar to the topographic
map and distribution of climate types in China. The monthly and diurnal variation patterns differ among
the seven wind zones driven by the locally dominant weather systems and time difference, which make
it possible for the electric power system to take advantage of the geographical smoothing effect. The
optimal allocation of wind capacity derived from multi-objective optimization demonstrates further
improvement of wind power quality from the current distribution case in terms of high power outputs
(+0.2%), low short-term variation (-10.3%) and high firm capacity (+3.7%) under a 800 GW installation
target. These findings are expected to provide valuable references for decision makers to develop
spatial development strategy in China. For instance, Northern China, where existing large-scale wind
power bases are located, and southeastern regions are identified as key areas for future deployment
of wind power. The further analysis on the zonal wind power penetration levels also emphasizes the
importance of promoting power grid construction for the State Gris Corporation of China to coordinate
with wind power development in the future.
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Keywords: wind energy, cluster analysis, multi-objective optimization, geographical smoothing effect,
grid planning, renewable energy.

693: Quantifying the impacts of climate change on photovoltaic energy potential
1Xiaohu Zhao, 2Guohe Huang, and 1Yongping Li
1State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment,
Beijing Normal University, Beijing 100875, China
2State Key Joint Laboratory of Environmental Simulation and Pollution Control, China-Canada Center
for Energy, Environment and Ecology Research, UR-BNU, School of Environment, Beijing Normal
University, Beijing 100875, China.
The worldwide pressure of greenhouse gas (GHG) emission mitigation calls for explosive growth in the
research and development of renewable energies. At the same time, from a long-term point of view,
the renewable energy sector may also be affected by climate change. In this study, the impacts of
climate change on photovoltaic (PV) energy potential are evaluated based on the downscaled climate
projections in China. The climate projections for the 21st century of China under two Representation
Concentration Pathways (RCPs) will be generated through the ERA-Interim reanalysis and three global
climate models from the Coupled Model Intercomparison Project Phase 5 (CMIP5). Then the
projections of PV-power-related climate variables and PV-energy potential can be obtained for three
periods, i.e., the 2030 s (2020–2039), 2050 s (2040–2069), and 2080 s (2070–2099). The results indicate
that PV-energy potential is likely to have a slight decrease of up to 6% in most of the study regions
under RCP4.5 and RCP8.5. Variations in PV-energy potential are further investigated through examining
the contributions from changes in temperature, total radiation, and sunshine duration. The results
indicate that the dominant contributions are from the changes in total radiation and sunshine duration.
Keywords: Photovoltaic energy; Renewable energy; Climate change; Global Climate Models

500: Industrial energy efficiency and 2030 emission reduction targets in 17 regions of
eastern China
Shuangjie Li, Hongyu Diao
Economics and Management School, Beijing University of Technology, Beijing, China
High energy consumption always leads to severe environmental pollution. In the more developed areas
of eastern China, 17 regions have a total population of more than 100 million, and the total energy
consumed by their industries each year exceeds 290 million tons of standard coal. According to a recent
air quality status from the Ministry of Ecology and Environment of China, 6 of these 17 regions are
heavily polluted. Therefore, this empirical study intends to estimate energy efficiency and emission
reduction of the 17 regions using data envelopment analysis (DEA), several indexes and data analysis
techniques. Up to now, most DEA-related energy efficiency studies considering environmental pollution
only use capital, labor, energy, GDP and undesirable outputs as their indicators without considering the
role of intermediate consumption in the production process, which may lead to biased energy efficiency
values. The main contribution of this paper is that, keeping in line with System of National Accounts
(SNA), this paper corrects the shortcomings of indicators selection in previous total factor energy
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efficiency (TFEE) studies and employs a complete TFEE model we constructed before by incorporating
other intermediate consumption and services besides energy into the inputs and correspondingly
replacing GDP with value of output (VO) as the desirable output. The expected findings may be as
follows. Firstly, energy efficiency calculated by the complete model would have better explanation and
would be more consistent to the actual production. Secondly, most regions would not be efficient in
both energy use and emission and can be categorized into three groups, i.e. the high, middle and low
efficiency regions. Coastal regions in the east area would perform better than those in the central and
west areas. By contrast, inland regions in the west would evidence the lowest efficiency. What’s more,
calculating energy-saving target ratio (ESTR) and emission-reduction target ratio (ERTR) can help to
have the potential of energy conservation and emission reduction in each region and identify the
possibility of meeting the 2030 targets. At last, through analysis of spatial dependence and clustering,
regions in the west would have the greatest potential for energy saving and emission reduction, where
the government should provide more policy support.

369: The state-of-the-art of methodologies related to biodigester location decisions in
clustering situations
1Rômulo Henrique Gomes de Jesus, 2Fabio Neves Puglieri, 3Antonio Carlos de Francisco, 4Cassiano
Moro Piekarski, 5Jovani Taveira de Souza
1 Universidade Tecnológica Federal do Paraná (UTFPR)
2 Universidade Tecnológica Federal do Paraná (UTFPR)
3 Universidade Tecnológica Federal do Paraná (UTFPR)
4 Universidade Tecnológica Federal do Paraná (UTFPR)
5 Universidade Tecnológica Federal do Paraná (UTFPR)

Abstract. Bioenergy is a renewable energy obtained from biomass and its main benefits are the
reduction of greenhouse gases and the reduction of waste disposal. A common problem in feasibility
analysis is the biodigester location due to biomass availability and its spatial dispersion. Therefore,
decisions regarding to biodigester location is an important aspect of feasibility design when multiple
biomass producers are involved in clusters. Studies in this research field of biodigester location address
different methodologies, such as mathematical programming, multicriteria approach, scenario analysis,
and Geographic Information System (GIS). This paper presents the state-of-the-art in the biodigester
location decisions considering clustering situations. To accomplish that, a systematic literature review
using Prisma approach was carried out. As results, a set of feasibility opportunities was arranged after
reading 35 papers, allowing to identify that the main methodologies used for biodigester location
decisions were GIS (42,86%), followed by multicriteria approaches (25,72%) and mathematical
programming (17,14%)
Keywords: Biogas, Cluster, Location, GIS.
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Day 3 Session 3: Green/sustainable Supply Chain 1
207: Analyzing Barriers for Green Logistics in context to Circular Economy and
Industry 4.0
1Deepti Chhabra, 2Rajesh Kr Singh, 1S K Garg
1-Delhi Technological University, Delhi, India, 2- Management Development Institute, Gurgaon, India
Green logistics is an important aspect of production system in today’s world. The aim of this paper is
the analysis of barriers which deter the manufacturing organizations from taking on implementation of
Green logistics majorly in context of Industry 4.0 and Circular economy.This paper establishes
connections among the barriers using DEMATEL technique and thus finds out the most important
barriers for implementation of Green logistics. A group of experts from industry and academia were
contacted for giving the dependence of one barrier over another and DEMATEL methodology along
with MATLAB was used to develop the relative relationship among the identified barriers. The results
are supportive in recognizing the significant barriers, identifying the barriers under dependent and
independent category,finding the most critical barrier and thus helping the policy makers to understand
which barriers hinder the implementation of Green Logistics Practices.
Keywords: GreenLogistics, Barriers,Circular Economy, Industry 4.0

27: Evaluating two interventions for scaling up upcycling: Community event and
upcycling plaza
Kyungeun Sung
De Montfort University, UK, Kyungeun.sung@dmu.ac.uk

Upcycling – creation or modification of a product from used or waste materials, components and
products for higher quality or value – incorporates multiple strategies for increasing material efficiency
and provides other environmental, economic and social benefits. With a growing concern for the
environment, the past few years have seen a growth of upcycling practitioners and businesses, yet
despite such a growth, upcycling largely remains a niche and requires scaling-up to have a significant
impact on the environment and society. For scaling up upcycling, several promising interventions have
been suggested. This paper evaluates two of these: community event and upcycling plaza. Two case
studies have been conducted using questionnaire, observation and interview studies. The results show
that the community event made positive psychological changes for the participants and that many
programmes run by the upcycling plaza were perceived as successful by the stakeholders.
Keywords: circular economy; sustainable consumption; sustainable production; upcycling; waste
management
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654: Constraints or opportunities? The impact of COVID-19 pandemic on global emobility transition
Xin Sun
The on-going COVID-19 pandemic and consequent lockdowns cast significant impacts on global
economy in the short run. Their impact on stability of global electric vehicles (EVs) supply chain and
thus our climate ambition in the long run, however, remains hitherto largely unexplored. We aim to
address this gap based on an integrated model framework, including assessing supply risks of 17
selected core commodities throughout the EV supply chain and further applying the supply constraints
to project future EV sales until 2030. We first quantified the severity of the pandemic in different
countries to evaluate the probability of supply disruption of 17 core EV-related commodities
throughout its supply chain. Based on these results, we further developed a bottom-up projection
model to estimate available lithium-ion battery (LIB) production capacity under three pandemic
development scenarios from 2020 to 2030. Such production constraints were then incorporated as
input in the Transport Impact Model (TIM) to assess the annual EV sales and corresponding CO2
emissions of global light-duty vehicles. Here we show that lithium carbonate and lithium mineral are
the two most critical raw materials that will likely form restrictions on the EV industry due to the
pandemic. If the pandemic could be gradually contained in the short term, the realization of the
EV30@30 target will not be affected by lockdown measures. Current excess production capacity of LIBs
and relevant raw materials will provide a large buffer for supply disruption constraints on consumption
growth. However, if the pandemic spread is not controlled in the short term, the development of EV
industry could be seriously jeopardized, resulting in a substantial change of CO2 emissions from lightduty vehicles before 2030. The results imply that the post-pandemic recovery of the EV industry should
seek the window of opportunity created by this pandemic to upgrade the quality rather than the
quantity of production capacity.

578: A survey of indicators to measure the social dimension of Triple Bottom Line
1*Patricia Guarnieri, 2Regina Negri Pagani 3Renato Rocha dos Santos 4Elaine Aparecida Regiani de
Campos 5Istefani Carisio de Paula 6Jorge Alfredo Cerqueira Streit
1,3,6 University of Brasília, Brazil
2Technological Federal University of Parana, Brazil
4,5Federal University of Rio Grande do Sul, Brazil
*Corresponding author: patriciaguarnieris@gmail.com
The objective of this research is to analyse the international literature on indicators to measure the
social dimension of Triple Bottom Line - TBL concept. For this purpose, this study presents a systematic
literature review using the protocol Methodi Ordinatio. A content analysis was performed considering
54 full papers, which presented an empirical study. The main results show that although there are an
increasing of studies focusing on TBL and sustainable supply chain, the social dimension of sustainability
is still few studied in terms of operationalization of the concept. The contribution of this paper lies on
synthetizing the existing knowledge on this topic and identifying an agenda for future research, which
can guide researchers and practitioners in this field.
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Keywords: Social indicators; Social Sustainability; Sustainable supply chain management; Triple Bottom
Line.

Day 3 Session 4: Cleaner Production
265: Interrelated Empirical Model of Green Human Resource Management for
Sustainable Environmental Performances from Experts Point of View in Sri Lanka
Tourism Industry
1 Janaka Siyambalapitiyaa, b, 2 Xu Zhanga, and 3 Xiaobing Liua
a Dalian University of Technology, Department of Enterprise Management, Faculty of Management &
Economics, No. 02, Linggong Road, Dalian 116024, P.R. China
b Uva Wellassa University of Sri Lanka, Department of Management Sciences, Faculty of
Management, Passara Road, Badulla 90000, Sri Lanka
One of the primary objectives of the managers in today's' business world is to meet environmental
pressure that the community expects them to be in an ecologically friendly environment. Taking
advantage and transforming the employees into the environmental capable workforce can be effective
in achieving the above expectations. These transformations found in terms of green human resource
management (GHRM). This relatively new concept of green human resource management has
researched either on single individual practice or entirely theoretical, with the risk of disregarding the
additional impact of interrelating with other green human resource management practices. Further,
over the years, scholars have theoretically highlighted GHRM in the workplace, while there is a deficit
in the empirical works on GHRM practices that stimulate environmental performance (EP). Thus, the
aim of this study is twofold; initially, this study has addressed whether green human resource
management could apply as a whole process of interrelated practices which could support the
environmental performance of the organisations from the view of experts in Sri Lanka tourism industry.
Through an extensive literature survey, this study structured four green human resource management
functions based on the process format of green human resource management from entry to exit point
of HR practices. The identified functions were green staffing and recruitment, green skill finding and
development, green welfare and appraisals, and green employee relations and compliance. Using a
survey instrument, extracted four green human resource management functions were tested for
interrelationship by conducting 30 semi-structured interviews with HR managers in the Sri Lanka
tourism industry. A Friedman test was carried out to determine whether green human resource
management practices could practice as a bundle of interrelated activities. Results indicated that there
is an interrelationship between the green human resource management practices, which is significant
at p < .01. Secondly, using structural equation modeling to a sample of 218 operational managers tested
the impact of green human resource management on environmental performance. Results revealed
that 17 GHRM practices which identified under green staffing and recruitment, green skill finding and
development, green welfare and appraisals, and green employee relations and compliance were
positively and significantly relate to the EP, showing that the model is valid. Therefore this study
contributed to the literature in theoretically and practically providing empirical evidence that GHRM
has a significant positive impact on EP (β = 0.67, p < 0.001) and shows a 45% of the variance associated
with organisational environmental performance is accounted for by green human resource
management.
Keywords: HR Practices; Green Human Resource Management; Sustainable Business; Tourism Industry,
Environmental Performance.
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88: Improved In-plant Dust Recycling in Integrated Steel Mills with focus on Iron and
Zinc
1Christof Lanzerstorfer
1University of Applied Sciences Upper Austria, School of Engineering,
In integrated steel mills considerable amounts of dust are generated. These dusts are separated from
the off-gases of the main processing plants, especially at the sinter plant, the blast furnace (BF) and the
basic oxygen furnace (BOF). Since these dusts consist mainly of iron compounds they are partly recycled
via the sinter plant. The rest is usually sent to landfill. Limitations in dust recycling via the sinter plant
arise especially from increased concentrations of zinc in the dusts, since the BF is quite sensitive to an
increased zinc input with the sinter produced in the sinter plant. The zinc enters the steel mills mainly
via zinc coatings on the scrap and ends up in some of the dusts because of its volatility in the BF and
BOF process environment. Dusts with elevated zinc concentrations are usually discharged to landfill,
resulting in considerable losses of zinc. However, in some steel mills zinc-enriched dusts from BOF offgas de-dusting are recycled back into the BOF after an agglomeration step (Figure 1, grey full lines).
Such recycling is quite energy-intensive because in this recycling circuit the zinc is volatilized several
times in the BOF before the zinc concentration in the dust is high enough for use in secondary zinc
production.
Since the zinc distribution in the de-dusting residues is not even but depends on the size of the particles,
air classification can be applied to separate dusts into a coarse zinc-depleted size fraction for recycling
and a zinc-enriched fine fraction. Thus, dust recycling can be optimized and landfill of large amounts of
dust with a medium zinc concentration can be avoided by utilization of a reduced amount of zincenriched dust in secondary zinc production.
In this study the possibilities for increased internal dust recycling in integrated steel mills by
implementing air classification of dusts according to the process flow diagram are discussed (Figure 1,
dashed lines). The aims of this concept are to avoid landfill of steel mill de-dusting residues by recycling
of the iron in the steelmaking process and producing a zinc-enriched by-product that can be utilized in
secondary zinc production. In the proposed upgrade the currently discharged de-dusting residues with
a medium zinc content - marked with an X in the flow diagram Figure 1 - would be air-classified into
two size fractions each. In the ironmaking section (Figure 1, left side) the low-zinc content coarse
fraction could be recycled via the sinter plant (Figure 1, black dashed lines). The zinc-enriched fine
fraction would be transferred to the steelmaking section (Figure 1, right side, blue dashed lines), where
the zinc input is not as limited as in the ironmaking section. These dusts might be introduced into the
desulphurisation unit of the BOF plant in order to avoid increased sulphur input into the BOF. The dusts
from the BOF would also be air-classified. The zinc depleted coarse fraction would be recycled into the
BOF, while the zinc enriched fine fraction could be sent to secondary zinc production (Figure 1, grey
dashed lines).
Figure 1 Process flow diagram for an upgraded internal dust recycling in integrated steel mills; left side:
ironmaking; right side: steelmaking
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712: Environmental techno-economic assessment of printed Carbon-Based Perovskite
Solar Cells
Alessandro Martulli 1, Sebastien Lizin 1, Neethi Rajagopalan 2,3, Toby Meyer4, Steven Claes 2, 3,
Fabrizio Gota5,6, Ulrich Wilhelm Paetzold5,6, Robert Malina 1, Bart Vermang 1,3,7
1 Hasselt University (UHasselt), Hasselt, Belgium
2 Flemish Institute for Technological Research (VITO), Mol, Belgium
3 EnergyVille, Genk, Belgium
4 Solaronix S.A., Aubonne, Switzerland
5 Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
6Karlsruhe Institute of Technology (KIT), Eggenstein-Leopoldshafen, Germany
7 Imec, Leuven, Belgium
E-mail contact: alessandro.martulli@uhasselt.be
1.
Introduction
Perovskite solar cells (PSC) have shown considerable growth in power conversion efficiency (PCE),
jumping from 3,8% to 25,5% in the last ten years (NREL, 2020). However, the successful
commercialization of perovskite PVs depends not only on high PCE but also on long-lifetime, low-cost
production, and environmental sustainability (Meng et al., 2018).
This study evaluates a carbon-based perovskite solar cell (CPSC) employing an environmental technoeconomic assessment (ETEA) that integrates life cycle assessment (LCA) and techno-economic
assessment (TEA) to (i) provide quantitative insights on the economic and environmental sustainability
of CPSCs and (ii) thereby contributing to better understanding the commercialization prospects of
different perovskite PV device candidates.
2.
Methods
2.1.
Device configuration and manufacturing process
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We evaluate a monolithic CPSC with carbon-electrode fabricated with low-cost materials and fast
solution-processing techniques. This configuration has achieved high PCEs and improved cell stability
and duration in lab-scale devices (Hadadian et al., 2020). Moreover, due to its solution-deposition
techniques, it is expected to lower the production costs.
2.2.
Environmental Techno-economic assessment
To evaluate the economic and environmental sustainability, we propose the ETEA as a novel approach
for PV assessments. The ETEA provides a detailed screening of the technology with aligned data and
harmonized functional unit (FU) and system boundaries of TEA and LCA (Thomassen et al., 2017;
Wunderlich et al., 2021). The modeled environmental and economic indicators are then used to
compare the selected PV configuration to traditional alternatives already established in the PV market.
This method consists of constructing a bottom-up model that comprises cost and environmental impact
information of the technology assessed. The ETEA model includes the process flow diagram (PFD) and
mass and energy balance (M&E); furthermore, environmental impact and cost data are linked to the
PFD and the M&E balance to perform the environmental and economic analysis. Technical and cost
data are obtained primarily from a PV manufacturer located in Europe. The environmental impact
assessment is conducted using the Environmental Footprint (EF) method 3.0 developed by the
European Commission (European Commission (EC), 2016). The model’s dynamic functionality allows to
efficiently evaluate the effect of input changes on the M&E balance and environmental/economic
indicators. Environmental indicators include the effect on impact categories per m2 and the
computation of energy payback time (EBPT). Economic analysis computes module cost (EUR/m2),
minimum-sustainable price (MSP), and the Levelized cost of electricity (LCOE). The analysis further
calculates the annual power output based on realistic irradiation conditions modeled by a state-of-theart energy yield platform (Schmager et al., 2019).
Figure 1: Overview of the bottom-up model for the ETEA assessment of carbon-based perovskite solar
cells

3.
Results
3.1.
Environmental analysis
The FTO glass deposition constitutes the most impactful processing step as it accounts for more than
50% of the total contribution in each impact category considered except resource use (minerals and
metals), where silver is the major contributor. The large quantity of the FTO glass and the electricity
required for the FTO process contribute to high impact in all impact categories.
3.2.
Economic analysis
The economic evaluation of the CPSC manufacturing shows that about 92% of costs are attributed to
the operational expenditure (OPEX). Materials constitute the largest share of OPEX, and in particular,
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the FTO glass has the highest cost share. A preliminary analysis of MSP and LCOE highlights that PSCs
can be cost-competitive with conventional PVs such as crystalline-silicon (c-Si) and CIGS.
4.
Conclusions
The study quantifies the environmental and economic sustainability of CPSC in an integrated
assessment. The preliminary results show that the environmental/economic indicators are found in the
range of traditional PV technologies (e.g., c-Si, CIGS). This indicates that solution-processed carbonbased perovskite PV can be a low-cost competitor if the technology advancements continue, and it
would stimulate larger PV deployment.

208: Identifying the causes of food loss and waste in the Brazilian Beef Supply Chain
1Vanessa Magalhães (vanessa.magalhaes@dem.uc.pt), 1,2Luís Ferreira, 3Aldara César, 4Renato
Bonfim, 1Cristóvão Silva
1Centre for Mechanical Engineering, Material and Processes – CEMMPRE, Department of Mechanical
Engineering, University of Coimbra, Polo II, Pinhal de Marrocos, 3030, Coimbra, Portugal
2Centre for Business and Economics Research – CeBER, Faculty of Economics, University of Coimbra,
Av. Dias da Silva 165, 3004-512, Coimbra, Portugal
3Federal Fluminense University, Agribusiness Engineering Department, GASA - Grupo de Análise e
Sistemas Agroindustriais, Av. dos Trabalhadores, 420 - Vila Santa, Cecília, Volta Redonda, RJ, Brazil
4Embrapa - Brazilian Agricultural Research Corporation, Department of Technology Transfer, Ministry
of Agriculture, Livestock, and Food Supply, PqEB., 70770-901, Brasília, Brazil
The livestock sector has contributed significantly to the growth of the Brazilian economy in the latest
years, which is partially explained by the fact that Brazil is the second-largest producer and the biggest
exporter of beef cattle in the world. However, the sector’s growth also created many environmental
and societal issues, particularly with the generation of food loss and waste (FLW). In fact, Brazil is
amongst the 10 nations that waste most food. To fight this issue, it is important to understand first
what is causing FLW. In this paper, semi-structured interviews with 7 experts were conducted to shed
light on the main causes of FLW in the Brazilian beef supply chain. Sixteen causes of FLW were
identified. Fifteen of these were already mentioned in the literature, but one is completely new,
referring to waste resulting from the lack of standardization of the different cuts of beef.
Keywords: Causes; Food Loss and Waste; Brazil; Beef Supply Chain.
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2
74: Non-destructive characterization and selective metal recovery from printed circuit
boards
1,2Akira Otsuki, 1Pedro Pereira Gonçalves, 1Emilien Leroy
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1Ecole Nationale Supérieure de Géologie, GeoRessources UMR 7359 CNRS, University of Lorraine, 2
Rue du
Doyen Marcel Roubault, BP 10162, 54505 Vandoeuvre-lès-Nancy, France
2Waste Science & Technology, Luleå University of Technology, SE 97187 Luleå, Sweden

Selective/preferential milling of printed circuit board (PCB) particles followed by non-destructive
characterization of the mill products was performed in order to understand the effects of feed masses
into a hammer mill and milling time on the metal recovery and enrichment ratio. Those are important
variables affecting and determining the process performance and capacity. The milling tests and
elemental assay characterization were conducted by using a hammer mill and a portable X-ray
fluorescence analysis (XRF), respectively. The results showed the preferential metal
concentration/enrichment was achieved for several elements and their degree was varied depending
on the parameters. Using the experimental data, the global trend of metal recoveries was observed
under different mill feed and milling time and discussed.
Keywords: X-ray fluorescence analysis, hammer mill, preferential metal concentration, enrichment
ratio

210: Life cycle assessment of pyrolysis of healthcare plastic waste
Neha Mehta (presenter), Ahmed l. Osman, David W. Rooney, Callum Anderson, Charnett Chau, Eoin
Cunningham, Beatrice Smyth
Healthcare organisations generate large volumes of waste called as healthcare waste (or medical
waste) which includes clinical waste, food, drugs, and medical devices, and disposed of in careful and
often expensive ways. In 2016/17, over 590,000 tonnes of healthcare waste from the National
Healthcare System (NHS) providers in England was generated1. The WHO estimated that 75-90% of
waste from healthcare facilities is non-hazardous, similar to waste from other sites, for instance office
or household waste2.
With around 1500 hospitals in the UK3, healthcare plastic waste presents a potential avenue for driving
the circular economy in the NHS. Currently the majority of healthcare waste is managed according to
HTM07-014 and is incinerated, hazard-waste-landfilled or sterilised before landfilling1, although there
are some recycling schemes in operation, such as RecoMed (by British Plastics Federation)3. Pyrolysis
of healthcare plastic waste provides an opportunity to produce valuable products such as liquid fuel,
gas and char5, meaning that healthcare plastic can become a resource rather than being sent directly
to landfill.
Pyrolysis has been studied extensively for various feedstocks6. However, to the best of our knowledge,
the environmental impacts of using healthcare plastic waste as feedstock for pyrolysis have not been
assessed. Consequently, this study focuses on: (1) pyrolysis process and characterisation of pyrolysis
products and (2) environmental impact assessment using the life cycle analysis (LCA) methodology to
analyse circularity of resources in healthcare organisations.
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Currently, experiments are being conducted for pyrolysis process optimization. The pyrolysis is being
conducted using fixed bed reactor, where the output is connected to mass spectrometry to quantify
the emissions. The feedstock and the produced char, will be characterised for the elemental
composition (C, H, N and O) to estimate lower heating value (LHV). To study the feasibility of the
pyrolysis, the LCA is being undertaken using existing data from literature and experiments. The
functional unit defined for the LCA in the present study is 1 kg of healthcare plastic waste, and the
system boundary for the LCA includes the process inputs (like electricity use) and the co-products usage
(Fig.1). The impacts evaluated are life-cycle greenhouse gas (GHG) emissions and fossil fuel use both
during the pyrolysis process and in the treatment of products.
Sensitivity analyses in LCA will be applied to investigate the influence of co-product handling
methodology, product yield, and electricity grid composition. Use of fuel gas and char combustion for
electricity, or for other energy purposes like heating water, can lead to added benefit in terms of
reducing the carbon footprint of healthcare organisations. The present study will provide an
understanding of using pyrolysis as a viable waste management alternative for healthcare plastic, that
can reduce both GHG emissions by producing alternative fuels and the mass of waste sent to landfills.

365: Recycled concrete for foundation structure: LCA case study
1 Jan Pešta, 2Tereza Pavlů, 2Kristina Fořtová, 2Jakub Řepka
1University Centre for Energy Efficient Buildings of Czech Technical University in Prague;
jan.pesta@cvut.cz
2University Centre for Energy Efficient Buildings of Czech Technical University in Prague;
tereza.pavlu@cvut.cz
Concrete containing primary raw resources such as sand and gravel can be replaced by recycled
aggregate concretes (RAC). But recycling processes are energy-consuming and thus energy resources
are consumed. To investigate the resource consumption and overall environmental impact related to
the life cycle of RAC, Life Cycle Assessment (LCA) was used to compare ten RAC foundation structures
with two foundation structures containing just natural aggregate (NA). This paper presents the
characteristics of two types of RAC for the foundation structure with various replacement rates of NA
(30%, 50%, 100%). Various concrete mixtures were designed with the three replacement ratios of
natural gravel, the two amount of cement and the two effective water-cement ratios. Unsurprisingly,
the NA foundation structures have smaller crude oil consumption. Nevertheless, most of the RAC
foundation structures demonstrated the overall environmental impact lower than NA foundation
structures, suggesting that RAC could be suitable replacements for standard concretes.
Keywords: Recycled concrete, Life Cycle Assessment, Secondary raw materials, Building foundation
structure, Resource demand

691: Analysing the Sustainability of Cascade Recycling in Plastic Manufacturing
1Karl Tanti, 1Arif Rochman, 1*Paul Refalo
1Department of Industrial and Manufacturing Engineering, Faculty of Engineering,
University of Malta, Msida, Malta
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This study ventures to further sustainable manufacturing by showing how a cascade recyling approach
can be utilised by a plastic cosmetic packaging company. Three reprocessing cycles were assessed from
product quality, environmental, financial and social points of view. It is shown how the cascade
approach did not negatively affect the quality of the produced parts and when compared to a norecycling scenario, the proposed three-cascade recycling approach results in 28.1% less costs and
29.3% less carbon footprint. The labour increases up to a maximum of 7 hours per 50,000 products.
When compared to a conventional in-house recycling scenario, the proposed approach would reduce
the costs by 11.7% and the carbon footprint by 12.9%.
Keywords: cascade recycling, regrind, plastic injection moulding, sustainable manufacturing, cosmetic
packaging

692: Life Cycle Assessment of Recyclable, Reusable and Dematerialised Plastic
Cosmetic Packages
1Isaac Jordan Gatt, 1*Paul Refalo
1Department of Industrial and Manufacturing Engineering, Faculty of Engineering,
University of Malta, Msida, MSD 2080, Malta
* Corresponding Author: paul.refalo@um.edu.mt
Design for Recycling and Design for Reuse are two different approaches which can be employed
separately or concurrently. When designed for reuse, products are typically more robust in order to
increase their probability to be used more than once. If reuse is not possible, it is essential that
dematerialisation and recycling are applied. This study assessed the environmental impacts resulting
from reusable, recyclable and dematerialised plastic cosmetic packages. Life cycle assessments of
different versions were conducted, to identify what features are responsible for such impacts. Findings
showed that removing components which are made from resourceful materials and which render the
package to be reusable, resulted in a 74% reduction in environmental impacts only when the packaging
materials are fully recycled. Hence this study concludes that in such cases, reuse should be given
prominence, as recycling would only depend on the user and the infrastructure in place.
Keywords: Life Cycle Analysis, Recyclability, Reusability, Cosmetic Packaging, Environment,
Sustainability

747: An analysis of barriers affecting the implementation of municipal solid waste
management in Beijing: A novel hybrid ISM method
Chao Wang1, Yongkang Sun1, Xiangyu Zhu 1*, Wei-Qiang Chen 2, Pezhman Ghadimi 3
1.
Research Base of Beijing Modern Manufacturing Development, College of Economics and
Management, Beijing University of Technology, Beijing, China
2.
Key Lab of Urban Environment and Health, Institute of Urban Environment, Chinese Academy
of Sciences, Xiamen, China
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3.
Laboratory for Advanced Manufacturing Simulation and Robotics, School of Mechanical &
Materials Engineering, University College Dublin, Belfield, Dublin 4, Ireland.
*Corresponding author:
Xiangyu Zhu (zhuxiangyu@bjut.edu.cn)
In the past four decades, the total generation of municipal solid waste (MSW) in Beijing increased from
1.04 million tonnes in 1978 to 10.11 million tonnes in 2019. The substantial growth of MSW has brought
great pressure on Beijing Municipality for waste management. Beijing government is a representative
example of many local governments in China that have been facing MSW management issues.
Therefore, this study focuses on identifying the barriers affecting the successful implementation of
MSW management in Beijing, and analyzes the relationship between the barriers to determine the key
barriers. Through reviewing of extensive academic and grey literature, 12 barriers are identified, which
are categorized into five areas: government, waste, residents, MSW management department, and
waste recycling market. To determine the importance of barriers and the relationship between 12
barriers, a novel interpretive structural modeling (ISM) is proposed. The results indicate that lack of
economic support from the government, imperfect MSW related laws and ambiguous regulations, as
well as poor residents’ education and waste recycling knowledge publicity are the main barriers to
implement MSW management in Beijing. The findings will help policy makers to improve the
management efficiency of MSW in Beijing, and provide experience references for MSW management
in other metropolis in China and other developing countries.
Keywords: Municipal solid waste; barriers; Beijing; interpretive structural modelling; MICMAC

Day 3 Session 6: Green/Sustainable Manufacturing 1
25: Assessing sustainable consumption in Packaged Food and Beverage in Indonesia:
Corporate Communication drives consumer perception and behavior
Ming-Lang Tseng
Institute of Innovation and Circular Economy, Asia University, Taiwan
Department of Medical Research, China Medical University Hospital, Taiwan
E-mail: Tsengminglang@gmail.com
Raditia Yudistira Sujanto
Department of Business Administration, Asia University, Taiwan
Email: sujanto.raditia@gmail.com
This study contributes to (1) integrating a set of attributes; (2) presenting a causal interrelationship
sustainable consumption model; and (3) presenting the criteria for practical improvement. Prior studies
are neglecting the sustainable consumption qualitative information with linguistic preference
approach. Especially, the nature of attributes are interrelated. Hence, this study is to apply fuzzy set
theory is to transfer the qualitative information into crisp value and the decision making trial and
evaluation laboratory deals with the interrelationships among the proposed attributes. The finding is
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the corporate communication drives consumer perception and behavior. The result presents the
criteria for practical improvement. Theoretical and Managerial implications are discussed.
Keywords: sustainable consumption; fuzzy set theory; Decision Making Trial and Evaluation Laboratory;
corporate communication

309: Copper-induced ripple effects of passenger vehicle industry transition: a crisis or
an opportunity
Chu-Long Huang a,b*, Ming Xu c*, Weiqiang Chen b, Peng Wang b, Shenghui Cui b, Zirong Li a,
HongdaFang d*
a Department of Resources and Environmental Sciences, Quanzhou Normal University, 398, Donghai
Street, Quanzhou 362000, China
b Key Lab of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of
Sciences, 1799, Jimei Road, Xiamen 361021, China
c School for Environment and Sustainability, University of Michigan, Ann Arbor, Michigan 48109-1041,
United States
d College of Food and Biological Engineering, Jimei University, Xiamen, 361021, China
Abstract: Nowadays, increasing levels of copper demand become a particularly serious challenge for
many countries, especially in China. Copper is an essential element for production of electric vehicles
(EV). Unfortunately, little research efforts as of now have been directed specifically toward
understanding the fundamental relationship between the adoption of EVs and copper-induced ripple
effects of resource demand and environmental emissions. This research focuses on the relationship in
Fujian in China where the transportation sector continues to electrify its fleets rapidly. An integrated
model of dynamic material flow analysis combined with autoregressive integrated moving average
model was developed for forecasting the changes of passenger vehicle ownership and its EV share.
Then, the associated change of copper demand was estimated. Thereafter, the copper-induced ripple
effects in the resource and environmental systems were estimated from the life-cycle perspective,
including mining, melting, and refining of copper. Results showed that modeled standardized passenger
vehicle ownership would increase 3.34 times from 2018 to the peak year 2042 in Fujian. At the same
time, annual standardized EV sales would increase about 12 times and 139 times from 2018 to the
baseline peak year 2045 and the bull peak year 2042, respectively. Correspondingly, based on the
copper use gap between ICEV and EV, additional copper demand for increasing EVs and EV’s supporting
facilities would also increase the same times as EV sales from 2018 to the baseline and bull peak years.
The great growth of copper demand would accordingly lead to large-scale systematic ripple effects in
resource and environmental systems through the process chain of copper. It would bring about a
serious local resource shortage and environmental consequences as well as likely threaten global
resource and environmental sustainability. This is verified by bull scenario in which the accumulative
annual copper ore demand and mercury emission for 2013-2050 in Fujian even exceed 40 times of the
Chinese reserve in 2016 and 16 times of the national emission in 2017, respectively. Thus, it seems that
replacing ICEV with EV is not a wise choice, as additional environmental cost of EV manufacturing can
significantly offset EVs’ better on-road environmental benefits than ICEV. For example, in baseline
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scenario, about 62% of the replacement-induced reduction amount of CO2eq during driving phase will
be offset by emission from refining additional copper demanded for each EV and its associated
supporting facilities in 2018 based on the national power supply structure in China. However, if the
proportion of clean power in grid was enhanced, the refining offset would fall down, e.g. down to 24.3%
in 2018 in Fujian in the baseline scenario due to its higher proportion of clean power than the national
average. Nevertheless, there are various pollutants including CO2 emitted from copper refining and
various materials and resources additionally demanded from the expanding EV fleet, which can extend
ripple effects from local to global environment by various related industrial chain. The ripple effects
indicate the importance of building a pyramid tip product catalog and strengthening international
cooperation in pyramid tip product management for improving resource use efficiency and helping
extend cleaner production to cleaner consumption. The global investment in researches on material
flow analysis and life cycle analysis of the economic system should be enhanced. If we promote the EV
expansion, recycling scrap, improving production technology, reducing dirty power supply, extending
lifespan of materials and end products, and enhancing regional self-circulation capability of resources
should be emphasized.
Keywords: passenger vehicle ownership prediction; the growth of electric vehicles; additional copper
demand; copper refining; ripple environmental effect; pyramid tip product

91: Green and Lean? – Understanding ecological and environmental implications in
the light of Industry 4.0
Julian M. Müller3, Hendrik S. Birkel2, Johannes W. Veile1, Marie-Christin Schmidt1, Marc Rücker1, Evi
Hartmann2, Kai-Ingo Voigt1
1 Friedrich-Alexander-University Erlangen-Nürnberg (Germany), Chair of Industrial Management
2 Friedrich-Alexander-University Erlangen-Nürnberg (Germany), Chair of Supply Chain Management
3 Kufstein University of Applied Sciences (Austria)
Research on Industry 4.0 has only begun to analyse its environmental and social impacts, while
technological and economic analyses dominate the current academic debate. However, merging the
current debate for a more sustainable industrial value creation with the developments in the context
of Industry 4.0 is vital given its benefits beyond merely economic considerations. In response to the
scarcity of extant research, this paper analyses research publications and gives insights using an
empirical approach. Qualitative-empirical data from 33 expert interviews within German manufacturing
enterprises are used to extend the current state of literature in this field. In particular, companyinternal and company-external benefits from an environmental and ecological point of view are
uncovered, along with drivers and requirements to approach the potentials. Further, the results are
discussed on the background of extant publications in the field. The paper closes with
recommendations for managerial practice and suggestions for future research.
Keywords: Industry 4.0, Industrial Internet of Things, Digital Transformation, Sustainability, Circular
Economy, Ecology
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100: Governance as a ‘Game Changer’ for the Circular Economy - Value Creation by
Collaboration
1Felix Carl Schultz, 2Sebastian Everding
1; 2 Martin-Luther-University Halle-Wittenberg

Abstract. Scholarship discusses how to use the benefits of plastics by simultaneously eliminating the
adverse effects. Research reveals innovation as an opportunity to oppose environmental degradation.
In the specific case of plastics, there is a discussion of a transition from conventional towards circular
business models and value chains by closing, slowing or narrowing loops. However, innovation of
business models and the subsequent transition of value chains are not trivial issues and face various
challenges. Particularly, a collaborative approach is crucial and the prerequisite for successful circular
value chain development with-in value networks. Hence, we conduct qualitative research and run a
multiple case study of value chain members in the petrochemical and plastic industries. Our article
shows empirical evidence regarding circular business model innovation and associated circular value
chain development in these industries. We acknowledge that an adequate governance is crucial for the
promotion of sustainable value co-creation in value networks.
Keywords: Circular Value Chain, Circular Business Model Innovation, Circular Economy, Governance,
Plastics

209: Reducing Food Loss and Waste: A Systematic Literature Review of Mitigation
Strategies
1Vanessa Magalhães (vanessa.magalhaes@dem.uc.pt), 1,2Luís Ferreira, 1Cristóvão Silva
1Centre for Mechanical Engineering, Material and Processes – CEMMPRE, Department of Mechanical
Engineering, University of Coimbra, Polo II, Pinhal de Marrocos, 3030, Coimbra, Portugal
2Centre for Business and Economics Research – CeBER, Faculty of Economics, University of Coimbra,
Av. Dias da Silva 165, 3004-512, Coimbra, Portugal

Abstract. This paper presents a systematic literature review of the mitigation strategies of food loss and
waste (FLW), investigating 94 articles published over two decades and discussing the differences
encountered between developed and undeveloped countries, for the different stages of the food
supply chain (FSC). Results show that, in developed countries, reducing FLW seems to be linked to
technological improvements, economic incentives and consumer awareness towards FLW. In
undeveloped countries, new technologies need to be developed, infrastructures improved and good
practices encouraged, to reduce FLW. Overall, mitigation strategies must be applied at the business
level (for a certain FSC stage), at the supply chain level (applied by all stages of the FSC and with shared
responsibilities) and at the policy making level (in the country or regional level), to effectively fight FLW
in FSCs.
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Keywords: Systematic Literature Review; Food Loss and Waste; Mitigation Strategies; Food Supply
Chain; Developed Countries; Undeveloped Countries.

686: The Evolution of Carbon Emission Network Pattern and its Driving Factors in
Global Agricultural Trade: based on Social Network Analysis and Spatial Econometric
Model
Jia Xinzhan1, 2 Lin Lu1, *
1 China University of Petroleum School of Economics and Management
2 Beijing Technology and Business University School of E-Business and Logistics
Abstract: The relationship between international trade and carbon emissions is an essential and widely
concerned research topic. The scale of international trade is growing rapidly, and the trade network is
becoming more complex along with the development of economic globalization. The outbreak of
COVID-19 in 2020 has increased the uncertainty of the future development of international trade and
will profoundly impact global production activities and carbon emissions. In this paper, the global trade
network of three bulk agricultural products (corn, wheat and rice) and its carbon emission network are
established from 2000 to 2017. The social network analysis (SNA) is used to quantify the roles of
countries in the global agricultural trade network and the carbon emission. Spatial econometric model
is then used to analyze the impacts of socio-economic indicators and the trade network roles of the
countries on direct carbon emissions of agricultural production. The results show that the trade
relationship and carbon emission flows between countries have become increasingly close and
expanded in the past 18 years, while the trade network and the carbon emission network of rice have
the lowest spatial correlation compared with that of maize and wheat. From the evolution of the
network pattern, the United States replaced Argentina as the center of the maize trade network; Russia
replaced the United States as the center of the wheat trade network; and India replaced the United
States as the center of the rice trade network. Argentina and South Africa are second only to the United
States in the influence of the maize carbon emission network; the influence of Canada and Russia in
the wheat carbon emission network is increasing, and India has surpassed the United States in the rice
carbon emission network. To sum up, the network centrality of some developing countries is increasing,
while some developed countries is declining.The direct carbon emissions of agricultural products in
various countries are not only influenced by their economic development level and agricultural
development level, but also largely depend on their roles in the trade network. This study suggests that
reducing a country’s agricultural product carbon emissions should take into account the direct and
indirect impacts of its global trading partners, namely the goal of reducing emissions in the overall
trading network and improving the trade structure of all direct and indirect import and export trading
partners in their supply chains. The results of this study will provide policy recommendations for
reducing emissions from the international trade of agricultural products in the post-epidemic era.
Keywords: social network analysis; spatial econometric model; bulk agricultural products; trade
network; carbon emissions
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Day 3 Session 7: Environmental and sustainability
assessment 1
120: Quantification of the resource needs of the energy system transition with life
cycle assessment
1Roberta Graf, 2Thomas Betten
1Fraunhofer IBP
2University of Stuttgart
Energy systems all over the world are in a transition towards renewable sources. The political goal of
climate change mitigation and the resultant shift from fossil fuels to renewable energy sources comes
with the desired side effect of reduced resource dependencies. While this reduction is absolutely true
for fossil fuels, new dependencies may occur. These dependencies and potential shortages are most
likely to focus on metals and also rare earth elements like neodymium and dysprosium (e.g. for the
production of wind power plants). The supply of those metals is finite as well and might be already
restricted as documented by the European Commission classification of rare earth elements as critical
resources.
One example for the transition of energy systems is the German ‘Energiewende’ (energy transition). As
an importer of most resources Germany is strongly depend on an adequate provision of these
resources. Whereby the needed resource quantities strongly depend on the chosen transition path of
renewable energy technologies.
In order to make an informed decision between different possible transition pathways for energy
systems to reach the global climate targets a quantification of the resource needs is necessary. To
answer this question renewable energy technologies need to be analysed in detail from a life cycle
perspective. Besides the obvious, direct embodied resources in the energy technologies, the resource
efficiency of their production as well as the overall, total resource use considering all up- and
downstream processes connected to the energy technologies life cycle are relevant. The chosen
approach links energy systems analysis with the sustainability assessment method Life Cycle
Assessment (LCA). Energy systems analysis provides the different possible transition pathways. LCA is
capable to quantify the resource use on all three mentioned levels with the product models giving
information on the embodied resources via the material mix and connected production efficiencies
while the background system covers the total life cycle resource use incorporating the resource use of
the up- and downstream processes.
The LCA scope needs to be adapted in order to customize the energy technology models to facilitate
energy systems analysis with a national focus and different system boundaries later on. The
adjustments mainly include the specification of the system boundaries, separation of the life cycle
phases (to provide temporal information about the resource supply and consumption patterns). In
addition to the physical resource use, the environmental impact of resource depletion should also be
evaluated as an environmental impact. For resource depletion a number of different impact categories
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for Life Cycle Inventory Analysis exists and Life Cycle Inventory results can be consulted as well. A well
informed selection of data and methods is therefore essential.
The procedure will be explained in general and demonstrated for exemplary energy technologies. While
the methodological process is briefly explained more focus is set on the assessment phase: possible
impact categories and LCI results are compared and connected to the levels mentioned before.
The presentation offers a contribution to the resource need discussion for the energy system transition
by suggesting a way to quantify not only embodied resources but also a comprehensive life cycle
perspective. Existing challenges are highlighted and possible approaches suggested. The principal
transferability of the developed method to other areas of resource interest is also outlined.

The authors would like to thank the German BMBF as this work was partially supported within the
project InteResse.

256: Towards sustainable energy production: An integrative assessment framework
Astrid Buchmayr1,2, Luc Van Ootegem1, Jo Dewulf2, and Elsy Verhofstadt1
1 Department of Economics, Ghent University, Belgium
2 Research Group Sustainable Systems Engineering, Department Green Chemistry and Technology,
Ghent University, Belgium

Introduction
Energy plays a central role for the functioning of our society but its production is a major source of
climate-relevant emissions and often connected to environmental deterioration. Due to the
significance of the energy sector in EU-wide and global climate goals, a transition of the energy system
is required from the current system of fossil fuel-based energy production to an environmentally,
economically and socially sustainable one. Accordingly, decision-making on energy production
developments needs to appropriately address multiple dimensions in order to realize the transition
toward sustainability in this sector. For a publicly justifiable decision, the local social impact and attitude
of the population need to be integrated into a sustainability assessments. The public attitude towards
the changing energy landscape and in particular increasing share of renewable energy technologies
plays an important role in the implementation of projects and policies. As experiences and public
attitudes are commonly assessed on a case-to-case basis, the study set-ups and key aspects differ in
part significantly, depending on the investigated energy technology. This makes a direct comparison of
public attitudes challenging.
Objective
To address this challenge we propose a novel sustainability assessment framework to standardized the
evaluation of energy technology decisions. The focus of the study is on the quantification of
experienced technology impact (on the living environment and on the landscape), and its influence on
the general acceptance of energy technologies. Such an assessment can contribute to an adequate
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evaluation of local concerns relevant for decision-makers and the population alike, even concerns
which are hard to quantify objectively, e.g. not-in-my-backyard attitude regarding the construction of
energy production sites. The objective is to propose and implement a systematic quantification of
subjective social impacts. A method for the assessment of public attitudes and experienced impacts is
proposed as part of a sustainability assessment.
Methodology
As case study for the social sustainability assessment from the perspective of the public, renewable
energy technologies in the region of Flanders, Belgium, are investigated. To determine experienced
impacts and attitudes towards different RETs in Flanders, data were collected for four different “energy
neighborhoods”, referring to locations close to energy generation facilities. The four cases consist of
samples of the populations living near an onshore wind park (n=200), an offshore wind park (n=200), a
waste-to-energy plant (n=161) and a biomass power plant (n=210). The proximity to energy plants is
considered as possible influencing factor on how impacts are experienced and on the formation of
attitudes. Each case study group is divided into one sub-group that lives close to the energy generation
facility and one group that lives further away but still in the general neighborhood of the facility.
Results and Conclusion
The analysis showed there are differences between the assessed renewable energy technologies, both
with regard to experienced impacts and public attitude. Combustion technologies were perceived to
have a negative health impact, while for the wind technologies a positive contribution was reported.
Wind parks impact the landscape negatively but living in line of sight did not intensify these evaluations.
Regression models showed that socio-economic characteristics alone do not provide enough
information to predict attitude. In all energy neighborhoods, the personal attachment to the landscape
was found to be a significant predictor. Accordingly, the inclusion of experienced impacts provides
important explanations on how attitudes are formed. For decision-makers, this means that the
reduction of negative experiences can improve the overall evaluation of a technology and can
anticipate not-in-my-backyard attitudes.

267: Sustainability Analysis of a Pedestrian Bridge made from Repurposed Wind
Turbine Blades
Angela J. Nagle1,2*, T. Russell Gentry3, Fergal Gough2,4, Lawrence C. Bank3, Paul G. Leahy1,2
1School of Engineering, University College Cork, Western Road, Cork, Ireland
2Environmental Research Institute, University College Cork, Lee Road, Cork, Ireland
3 School of Architecture, Georgia Institute of Technology , 245 4th Street, NW, Suite 351, Atlanta,
Georgia, USA
4Department of Sociology, University College Cork, Western Road, Cork, Ireland
*Corresponding author email: angelajanenagle@umail.ucc.ie
Introduction: The disposal of glass fibre reinforced polymer (GFRP) waste from decommissioned wind
turbine blades will become a major issue in the coming years. In Ireland, over 60,000 tonnes of GFRP
wind turbine blades are expected to be decommissioned by 2038. Landfill operators prefer not to

103

accept this waste due to the blades being both inert and bulky, and recycling of GFRP material is yet to
be viable. Repurposing of the blade waste into new applications is an option. However, for
improvement to be realised, a repurposing application must be more sustainable than both the current
wind blade disposal method, as well as the same application made from virgin materials.
Methods: This study uses Scenario Analysis combined with Life Cycle Sustainability Assessment (LCSA)
to evaluate the impacts of using Irish GFRP blade waste in the construction of a pedestrian bridge. The
study compares the blade waste bridge to the common disposal method of co-processing of blade
waste in a cement kiln, as well as to a standard bridge made from raw materials. LCSA is an
interdisciplinary approach to assessing sustainability, combining Life Cycle Assessment, Life Cycle
Costing, and Social Life Cycle Assessment. The Social Life Cycle Assessment will be informed by public
consultation in which members of a vulnerable community are asked to assess the design for
acceptance by their community. These three methods are conducted individually, and the results
combined to give a single LCSA score with which to compare the three waste scenarios.
Data: The pedestrian blade bridge will be designed to span a cattle crossing on a greenway in County
Cork. The lower 15m of two 25m Vestas V52 blades including the root sections will be utilized for the
bridge, while the remaining 10m will be sent for co-processing. Testing of the blade will be done onsite
after cutting, and the blades will be transported and stored at a remanufacturing site. Remanufacturing
will include drilling holes along the length of the blade to allow reinforcement bars and cement to
internally fill the spar caps, capping the cut ends of the blade, building a form for the deck and
abutments, and forming a handrail. The bridge will be transported in pieces to the greenway site for
installation.
Expected Results:
LCA: Positive impacts are expected to results from the diversion of GFRP waste from landfill, prevention
of fabrication of new girders, and reduced transport of materials. Negative impacts are expected from
the addition of concrete to the GFRP which may render 3rd life reuse opportunities more difficult.
Overall, the blade bridge is expected to have a positive environmental impact.
LCC: The benefits of the blade bridge are likely to be neutral, due to the costs of testing and storing
which will likely balance or outweigh the gains of not having to manufacture girders.
s-LCA: Community engagement could increase awareness of the benefits of diverting GFRP waste
material from landfill or co-processing. The use of the blades in a shared amenity such as a greenway
is expected to further increase the social acceptance. Overall, the blade bridge is expected to show a
positive social life cycle assessment.
Overall LCSA is expected to be positive as compared to both the construction of standard bridge and
co-processing of the material in a cement kiln.
Keywords: Life Cycle Analysis, Life Cycle Sustainability Analysis, composites, waste, circular economy

380: Life Cycle Assessment of Lighting Systems: Influence of Electric Mix on Lamp
Replacement Strategy
1 K. BERTIN, 1 G. ZISSIS, 2 MA. MEQUIGNON
1 LAPLACE, Université de Toulouse, 118 rte de Narbonne, 31062 Toulouse cedex 9
2LERASS, Université de Toulouse, 118 rte de Narbonne, 31062 Toulouse cedex 9
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Abstract. Life Cycle Assessment (LCA) is a methodology aiming to assess the potential environmental
impacts over the entire life cycle of a product, e.g. extraction of raw materials, manufacturing,
packaging, transportation, energy consumption and End of Life (EoL). It has been used in numerous
studies to evaluate the potential impacts of lighting systems and to better recognize the most efficient
lamps. However, the LCA of lighting systems uses different methods, data sources, assumptions or
simplifications and thus leads to different results and interpretations.
The way to generate the electricity consumed during the use phase is one of the most impacting
parameters used for the LCA of lighting systems. Currently, there are three main ways to generate
electricity: fossil fuels, nuclear and renewables. However, most of the previous studies make
recommendations considering that the electricity consumed during the use phase is mainly generated
by fossil fuels. This can lead to misunderstanding about lamps performance when we use a different
electricity mix.
On the other hand, the recent and continuous improvement of Light-Emitting Diode (LED) in terms of
lifetime, efficacy and energy consumption leads to a wide variety of LED lamps available on the market.
These products re distinguished by their characteristics but also by their quality of manufacture. When
looking only at reducing energy consumption, LED lamps are proving to be a relevant choice because
of their higher efficacy. Nevertheless, in the context of climate changes and a progressive
decarbonisation of our energy production means, it is necessary to evaluate the influence of the local
electric mix and the recent improvement of LED lamps on the replacement strategy. A Life Cycle
Assessment was conducted to answer these questions and to determine which lamps should be
preferred from an environmental point of view.
This study evaluates the potential environmental impacts of Incandescent lamps, Compact Fluorescent
Lamps (CFL), LED lamps and Fluorescent tubes (T5 type) for indoor lighting using three different types
of electric mix: fossil fuels for Australia, renewable energies for New Zealand and nuclear power for
France. For each electric mix, the two main objectives of this work are: (1) to define the lifetime and
efficacy of LED lamps that can reduce potential impacts on the environment and (2) to highlight areas
where efforts need to be concentrated, and what should be the best strategy for further development
and equipment of lighting systems (increasing efficacy, lifetime, reuse, or recycling, ...).
First of all, this LCA confirms that LED lamps with 15000h lifetime and 95lm/W efficacy generate less
impacts than CFL and Incandescent lamp, but T5 lamp remains the most performant system in terms
of potential environmental impacts. Then, with regard to LED lamps, when we modify the electric mix,
the results show an reversal of the potential impacts of the manufacturing and the use phases. This
finding has a direct impact on the recommendations for lamps replacement. When we use the
Australian electric mix, the use phase generates most of the potential impacts of the system. Therefore,
high efficacy lamps are recommended to reduce energy consumption. For the French and New Zealand
electric mix, the manufacturing phase is the most impacting phase, thus making the improvement of
lifetime and processes of reuse, recycling, or manufacturing a better strategy to continue to reduce the
impacts of lighting, rather than increasing efficacy.
Keywords: Life Cycle Assessment (LCA), Light-Emitting Diode (LED), Electricity mix, Indoor lighting
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384: Clustering cities based on the categorized risks of plastics losses to the
environment from landfills
1Vinay Yadav, 2Sherly M. A., 3Pallav Ranjan, 3Vindhyawasini Prasad, 3Rafael O. Tinoco, 1Alexis Laurent
1Quantitative Sustainability Assessment, Division of Sustainability, Department of
Technology, Management and Economics, Technical University of Denmark, 2800 Kongens
Lyngby, Denmark
2Department of Regional Water Studies, TERI School of Advanced Studies, New Delhi,
110070, India
3Department of Civil and Environmental Engineering, University of Illinois at
Urbana-Champaign, Urbana, IL 61801, USA

Abstract: Landfills are the major source of plastics losses to the environment. Plastics in the landfills can
be lost to the environment through various mechanisms including winds, floods, precipitation, animals,
and other natural and anthropogenic reasons. Depending on the properties of landfills, weather
conditions, influence of human and animals, some cities have higher risks of the plastics losses to the
environment than others. Identification of cities with distinct risk levels is necessary to help decisionmakers in prioritizing their actions to mitigate plastics losses to the environment. To address this issue,
we have developed a cluster analysis based approach to categorize cities into different risk groups
based on various attributes such as population, number of landfills, percentage of plastics in municipal
solid waste (MSW), annual average rainfall, wind speed and temperature. This approach is hybrid and
uses the methods of both hierarchical and non-hierarchical clustering. We first use agglomerative
Ward’s variance method to quantify the number of clusters and then K-mean non-hierarchical
clustering for the allocation of cities to a specific group by taking the number of clusters in
agglomerative method as seed points. The geographical distribution of plastics losses to the
environment shows that the developing countries, especially in Asia, are accountable for a large
fraction of losses. Therefore, India has been selected for the demonstration of our approach
considering the large population (ca. 32% of all Asian population) and amount of MSW generation. We
have selected 496 cities of India, which had a population more than 0.1 million as per census 2011 data
of the government of India. Results suggest that all Indian cities can be clustered into eight different
categories. Cluster specific appropriate recommendations for mathematical models to mitigate the
plastics losses are also provided to facilitate the decision makers.

Keywords: Environmental losses of plastics, Landfills, Plastic waste management
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Industry is accountable for over one quarter of EU-28 final energy consumption, and for significant of
carbon emissions. To reduce overall energy consumption and meet EU targets towards future carbon
neutrality, efforts need to take place in different industrial sectors, especially in energy intensive ones.
The ceramic industry is an energy intensive sector, and a great consumer of raw materials. Thus, it is
important to support ceramic manufacturing improvement to study solutions that result in overall
lower the environmental impacts. Significant thermal processes are generally involved in ceramic
production, such as firing, spray-drying and drying, and with these a substantial waste heat occurs along
the process chain (heat lost through different forms). Depending on the specific process characteristics,
waste heat streams could be used as a thermal energy source, through process integration, increasing
process efficiency and reducing ceramic production energy, impact and costs. Despite the potential of
waste heat recovery, it is not yet commonly implemented.
This research, framed under the project EcoTermIP, aims to assess the potential environmental benefits
of alternative waste heat recovery measures for a sanitary-ware ceramic manufacturing industry, using
Life Cycle Assessment (LCA) methodology, in order to support decision toward process improvement.
A life cycle modelling of the production process (cradle-to-gate) was performed based on a thermal
energy assessment of the plant, identifying the main involved processes. Local data was collected to
characterize the existing waste heat streams (composition, mass flow rate and temperature) and the
heating needs of (required heat capacity) each process in the plant. By analysing the existing waste heat
sources and sinks, three waste heat recovery scenarios were assessed: a) direct use of the cooling air
streams of the kiln as combustion air; b) heat recovery from flue gases of the kiln to preheat the
combustion air using a heat exchanger; c) heat recovery combining both direct use of cooling air
streams of the kiln and indirect use of waste heat from flue gases through a heat exchanger to increase
the inlet temperature of the combustion air. The calculation procedure assumed that heating needs
remain identical and the recovered heat replaces fossil fuel (natural gas) needed to supply the same
thermal energy. Heating losses through the ducts and heat exchanger of each heat recovery scheme
were also considered.
The results show that, by applying heat recovery from both cooling air and flue gases to preheat
combustion air, the studied industry may achieve a significant reduction the environmental impact
embodied in their products (around 120 kg of CO2 emissions per ton of ceramics produced) through
the entire life-cycle. This study also shows that the process integration measures studied improve
process efficiency, resulting in lower natural gas consumption and lower production costs (less 15€ per
ton of ceramic produced), having an interesting payback period of less of 2 years. Disseminating
dedicated studies that estimate the environmental impact and the techno-economic viability of these
strategies is of paramount importance to promote the industrial awareness of the heat recovery
benefits and to help to increase their market uptake in a near future.

Keywords: LCA; environmental life cycle assessment; waste heat recovery; ceramic industry.
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Day 3 Session 8: Waste Utilization 3
706: Techno-Economic and Environmental Comparison of Hydrothermal Treatments
for Sewage Sludge Valorization
Enrique Medina-Martosa,b,*, Ioan-Robert Istratea,b, José-Luis Galvez-Martosa, Javier Dufoura,b
a Systems Analysis Unit, IMDEA Energy, Avda. Ramón de la Sagra 3, 28935, Móstoles, Madrid, Spain
b Chemical and Environmental Engineering Group, Rey Juan Carlos University, 28933, Móstoles,
Madrid, Spain
* Corresponding author: enrique.medina@imdea.org
Introduction. The recovery of nutrients, materials and energy is a preeminent aspect of the circular
economy concept. On this subject, much research has focused on Sewage Sludge (SS) as a widely
accessible resource, which also requires of improved management solutions due to its hazardous
nature. A suitable option for SS is that of Hydrothermal Treatments (HTs), a family of thermochemical
conversion technologies performed in aqueous medium under high pressure, which skip feedstock
drying. Hydrothermal Carbonization (HTC) and Hydrothermal Liquefaction (HTL), differing in process
severity and aimed product phase (solid vs. liquid) are currently the most developed HTs. Despite their
research interest, available Techno-Economic (TEA) and Life Cycle Assessment (LCA) studies are still
few. Furthermore, there is no available study which has compared different HTs under a common
framework. For this reason, in this work we confront HTC vs. HTL from the economic and environmental
viewpoints.
Materials and methods. Process models developed on Aspen Plus® V10 are the main data source for
TEA and LCA. In the HTC scenario (Figure 2, Top) SS is converted into hydrochar, which is sold as a low
rank coal that might be used as solid biofuel. The generated Aqueous Phase (AP) undergoes Anaerobic
Digestion (AD) to produce biogas that provides energy to operate the plant. In the HTL scenario (Figure
2, Bottom) the main product is a biocrude, which is further upgraded and refined to produce liquid
biofuels. Here, the AP is also valorized through AD, whose biogas reduces the external purchase of
natural gas (NG) required not only to fulfill the internal energy demand, but also as an input to produce
the hydrogen required for biocrude upgrading. TEA is conceptualized as a cost analysis, developed
under conventional methodological standards, which aims to determine the annualized treatment cost
per input SS tonne along the commercial exploitation of the plant. For the LCA, in order to evaluate the
potential environmental benefits of these pathways, the substitution approach is followed. Accordingly,
the systems under analysis are credited for the environmental burdens avoided through the use of the
co-products and the subsequent displacement of the fossil counterparts.
Expected Results. TEA comparison is addressed considering both scenarios as environmental
management services rather than energy production activities. This approach is justified by the fact
that a considerable gap exists in the market value of renewable fuels obtained in HTL as compared to
HTC hydrochar, which is commonly compared to a low quality coal (lignite). The increased technological
complexity and process severity of HTL suggest that both CAPEX and OPEX would be higher than those
of HTC. For instance, the OPEX of HTC has been reported to be mostly contributed by fixed costs, while
HTL demands a considerable consumption of NG. However, the question we aim to elucidate is if those
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costs would be effectively counterbalanced by the higher revenues obtained from renewable fuel sales.
In this regard, plant capacity could be a significant factor for technology selection. It is expected that
HTC shows better economic performance at small capacities, while HTL is more suitable at bigger ones.
In previous works, we estimated the treatment cost of SS by HTC (50,000 wet tpy plant) at 94 € t-1,
while HTL would be 150-180 € t-1 (160,000 tpy plant, H2 production and AP utilization not
contemplated). In terms of LCA outcomes, the HTC pathway involves large potential environmental
benefits as long as the hydrochar displaces fossil fuels in domestic heating systems, such as hard coal
briquettes and natural gas. However, these potential benefits are compromised if the hydrochar
competes with other renewable fuels, such as wood pellets. Regarding HTL, the displacement of fossil
diesel and gasoline also involves large potential environmental benefits.

Figure 2. System framework for considered sewage sludge utilization pathways. Top: Hydrothermal
Carbonization. Bottom: Hydrothermal Liquefaction.
Keywords Hydrothermal Treatments; Sewage Sludge; Process Simulation; Techno-Economic Analysis;
Life Cycle Assessment

738: Electric furnace slag as potential resource: insight from geochemical examination
and leaching of critical metals
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Human activities are strongly dependent on the availability of metals. Some metals are more essential
than others, because of their use in certain products, such as electronics. Therefore, the European
Union has prepared the list of critical elements for the future of the EU economy. In the view of circular
economy, the aim of this work was to characterize the slag produced in electric arc furnace in terms of
geochemical properties and to examine the possibility of extraction of certain elements, namely Co and
REE.
The slag was derived from the copper smelting plant, namely from the electric arc furnace process,
where the Cu-rich converter slag is melted to recover Cu. Phase characterization of the slag sample has
been done using a set of standard methods, such as X-Ray diffraction and scanning electron microscopy.
Chemical components of the slag have been determined using lithium tetraborate fusion and leaching
of the remnants with nitric acid, which was later subjected to ICP-OES analysis (Bureau Veritas Minerals,
Vancouver, Canada). The binding forms of Co and REE have been examined using four-step sequential
extraction, proposed by Mittermüller et al. (2016). Results of this test pointed out that the metals are
easily extracted using citric acid (mobilized by complexation), so the solution of citric acid has been
used in extraction of Co and REE. The inorganic solution used for comparison is sulfuric acid. The reason
for choosing this reagent is that the smelting plant is producing some amount of waste sulfuric acid,
which needs the proper method of recycling, and leaching of metals from waste slag can be considered
as the part of circular economy in the plant. The differentiation of experiment parameters, such as pulp
density – PD (1, 2, 3, 5 and 10% for sulfuric; 1, 2 and 3% for citric), acid concentration (0.1, 0.5 and 1.0
mol/dm3 for sulfuric; 0.66 mol/dm3 for citric) and reaction time (24 and 48 hours) was applied to
recognize optimal reaction conditions.
The examined slag is an amorphous material consisting mainly of glass. The glassy phase is composed
mainly of SiO2 (38.2%), CaO (23.6%), Al2O3 (12.4%), Fe2O3 (11.5%) and MgO (6.3%). The slag is also
abundant in metallic droplets (mainly Cu and Pb); the content of both Cu and Pb is ca. 0.7%, The amount
of Co and REE+Y in the material is 627 ppm and 347 ppm, respectively. The amorphousness of the slag
is also visible by REE pattern (normalized to UCC) by positive Eu anomaly, which is caused by
accumulating crystals before solidification.
The extracted amount of metals varies strongly with different extraction parameters. The general trend
for sulfuric acid is that the higher pulp density, the lower the extraction values for Co. The same trend
cannot be observed for REE. In case of citric acid, there is no visible dependence on extraction
parameters. The highest extraction of Co (75%) for sulfuric acid has been achieved using 0.5 M
concentration, 1% PD and 48 h time, whereas for citric acid the leaching yield of 81% has been achieved
using 2% PD and 48 h reaction time. In case of REE, the leaching yields depend on the element, but
generally speaking, sulfuric acid has been more efficient in REE extraction, reaching 98% for some
elements (e.g. Gd).
These findings prove that electric arc furnace is a potential resource for critical elements such as Co
and REE. Both sulfuric and citric acid are suitable for metal leaching from the waste material. Especially
for sulfuric acid, the results are promising, which prompts further experiments on waste sulfuric acid
from the plant as potential leaching agent to enhance circular economy.

719: Adsorption Behavior of Per- and Polyfluoroalkyl Substances to Aluminum-based
Water Treatment Residuals
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Zhiming Zhang1, Dibyendu Sarkar1, Rupali Datta2
1Department of Civil, Environmental and Ocean Engineering, Stevens Institute of Technology, Hoboken,
NJ 07030, United States
2Department of Biological Sciences, Michigan Technological University, Houghton, MI 49931, United
States
Per- and polyfluoroalkyl substances (PFAS) are a group of chemicals that contain a perfluoroalkyl moiety
in chemical structures and show remarkable chemical stability. The variations in chain length and
functional groups, such as carboxylic acids and sulfonic acids, contribute to a complex PFAS family that
has been widely used since the mid-20th century. The negative impacts of widespread PFAS production
and application on the environment as well as human health have led to a search for effective PFAS
removal approaches. However, the destruction or degradation of PFAS is extremely challenging due to
its high stability. In this study, the immobilization of two representative PFAS species, perfluorooctanoic
acid (PFOA) and perfluorooctanesulfonic acid (PFOS), were explored by adsorption to aluminum-based
water treatment residuals (Al-WTR). As the byproducts of traditional drinking water treatment
processes, WTRs are generated at more than 2 megatons per day in the U.S. and most of them are
landfilled as solid wastes. Based on Al-WTR’s high adsorption efficiencies for both inorganic and organic
contaminants in our previous research, the adsorption behavior of PFOA and PFOS on Al-WTR was
investigated, aiming at developing a PFAS immobilization method using this waste byproduct. Both
adsorption kinetics and isotherms were analyzed for PFOA and PFOS adsorption on Al-WTR at pH
neutral conditions (7.0±0.1). During the adsorption kinetic study, 6 g Al-WTR was added to 0.6 L of PFOA
or PFOS solution at a concentration of 1 mg/L. Results showed that 77.7% of PFOA and 87.6% of PFOS
were removed from the solution and adsorbed on Al-WTR within the first 12 mins. Adsorption equilibria
were reached for both PFOA and PFOS within 1 h with removal efficiencies at 88.8% and 94.3%,
respectively. The fitting of the pseudo 2nd order kinetic model was much better than the pseudo 1st
order kinetic model for both PFAS species. The experimental adsorption data were well fitted to both
Langmuir and Freundlich isotherm models, with R2 > 0.97 for PFOA and R2 > 0.99 for PFOS in both
models. The dimensionless Langmuir constants, 0.14 for PFOA and 0.10 for PFOS, indicated that the
adsorption processes were favorable for both PFAS species. From the Langmuir model, the maximum
adsorption capacities of PFOA and PFOS on Al-WTR were estimated at 0.18 and 0.24 mg/g, respectively.
Thus, this study indicated the potential application of a waste byproduct, Al-WTR, in PFAS
immobilization and removal.

114: Too Much Credit? The Role of Manure in the GHG Balance of Anaerobic
Digestion
Ciara Beausanga *, Fionnuala Murphy a
a School of Biosystems and Food Engineering, UCD Agriculture & Food Science Centre, University
College Dublin, Belfield, Dublin 4, Ireland.
* Corresponding author ciara.beausang@ucdconnect.ie
Keywords: Life cycle assessment; anaerobic digestion; greenhouse gas; energy systems;

resource management.
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The potential of anaerobic digestion (AD) to mitigate greenhouse gas (GHG) emissions has gained
attention in recent times. The feedstock being used has important implications for the overall
sustainability of the AD system. Under the Renewable Energy Directive (RED) bioenergy pathways must
meet minimum GHG emissions savings thresholds in order to count towards renewable targets and to
be eligible for public support (Giuntoli et al. 2017). The objective of this paper is to examine the role of
manure in the GHG balance of AD systems using life cycle assessment (LCA).
The methodology applied by the Joint Research Centre (JRC) of the European Commission to calculate
the GHG emissions associated with bioenergy pathways under RED is a simplified attributional LCA
(Giuntoli et al. 2017). According to the JRC, biogas produced from manure can receive emission credits
due to emissions avoided from the traditional management of manure, including CH4 and N2O. Using
manure in AD systems is considered an improved agricultural management technique and the avoided
emissions from the management of the raw manure are credited to the bioenergy pathway. The value
of the credit is equal to - 45g CO2eq / MJ of manure used (Giuntoli et al. 2017). However, the JRC
recognises that the credits “are not an intrinsic property of the biogas pathway but the result of a
common, although less than optimal, agricultural practice” (Giuntoli et al. 2017). Furthermore, it is
acknowledged that if gas-tight storage of raw manure becomes a standard practice in agriculture, the
credit for manure in the biogas pathway would cease to exist.
The dependency of using manure in some biogas pathways to meet the necessary GHG savings required
under RED raises questions about the use of emission credits in LCA to assess the sustainability of AD
systems. For example, mono-digestion of manure can have a negative value for GHG emissions, i.e.
GHG savings greater than 100 percent, when emission credits more than offset supply chain emissions
and emissions from the AD process. Negative values for GHG emissions in this context are often
misinterpreted as negative emissions, as opposed to the marginal change in emissions from improved
agricultural management (O’Keefe et al. 2019; Styles et al. 2015).
In this paper LCA will be used to examine the role of manure in AD systems in an Irish context, where
grass and manure have been identified as feedstocks with significant potential. The current
methodology utilising the emissions credit will be compared to a scenario where the storage of raw
manure is optimised and the credit for manure in the biogas pathway can no longer be applied. The
results will be compared and the appropriate use of credits in LCA methodology will be discussed. This
research will highlight the importance of clearly communicating the modelling choices applied in LCA
to assess the sustainability of AD systems.
References
• Giuntoli, J., Agostini, A., Edwards, R. and Marelli, L. (2017). Solid and gaseous bioenergy pathways:
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507: Metal removal and recovery from wastewater by biosorption using elemental
forms of chalcogen particles
Sudeshna Saikia, Arindam Sinha Roy, P.N.L. Lens
National University of Ireland Galway, University Road, Galway H91 TK33, Ireland
From the toxic heavy metals to low-order toxic precious metals, it is imperative to remove as well as
recover these metals from the waste streams not only to reduce the negative consequences but also
to increase their reuse to a greater extent. Various physical, chemical and biological methods can be
employed for this purpose. Among these methods adsorption more particularly biosorption of heavy
metals onto nano-adsorbents is promising due to its low cost, high efficiency, suitability for low
concentrations and for its sustainable and environment friendly approach (Badruddoza et al., 2010).
Adsorption is a versatile process, flexible in design and operation and allows for producing high-quality
treated effluents. Furthermore, since adsorption is a reversible phenomenon, recovery of the metals
along with the regeneration of the adsorbents through desorption creates a synergy between
adsorbents and metals (Wang et al., 2019).
Elemental forms of chalcogens such as sulphur (S), selenium (Se) and tellurium (Te) nanoparticles
produced due to reductive biotransformation of their respective oxyanions, e.g. sulphate, selenate and
tellurate have been explored as effective adsorbents owing to their small dimension, higher surface
area and hydrophilicity (Jain et al., 2015). The effects of these nano-adsorbents were investigated on
heavy metal (zinc) and precious metals (gallium and germanium) from individual and mixed metal
solutions. After screening the adsorbents and metals, biogenic nano-adsorbents were found more
efficient compared to the chemical forms with >80% removal in case of Ga onto Te nanoparticles. The
pseudo second-order model (R2>0.999) fitted the data better for the description of the adsorption
behaviour of Ga. The desorption efficiency of Ga was 99% using oxalic acid as eluent. Adsorption of Ga
onto biogenic Te nanoparticles was higher compared to the other materials investigated due to their
lower size (5.30-86.1 nm), higher content of extrapolymeric substances and negative zeta potential.
Keywords: Adsorption; Nano-adsorbent; Heavy metal; Precious metal; Chalcogens; Desorption
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55: Lignin - An abundant resource for biocarbon for advanced engineering
applications
Maurice N Collins and Mario Culebras
Bernal Institute, School of Engineering, University of Limerick, Ireland.
The aim of this work is to develop carbon materials which are low cost, scalable, industrially and
economically attractive, based on sustainable and highly abundant bioresources which are not in
competition with food supply achieving application performances that exceed existing technologies,
whilst incurring minimal environmental impact. These carbon materials are produced from
lignocellulose biomass. We focus on lignin, a low value by-product from the paper and pulp industry.
The optimisation of porosity and surface area of these materials dramatically boosts performance levels
beyond the state of the art. To achieve this, we use a bioinspired design approach utilising many of the
concepts that have been developed in bioengineering, for example electrospinning, 3D printing and
freeze drying. These techniques are used to produce a variety of complex nanostructured carbon
materials for use for example as electrodes in batteries to meet the challenge of a future sustainable
society. Preliminary data from our lab has shown that lignin can be optimised to produce porous and
non-porous carbon materials through blending with biobased polylactic acid (porous) and biobased
polyurethane (non-porous). Here, we demonstrate the enormous potential of lignin to meet the everincreasing demand for variety of carbon-based materials at both macro (carbon fibers for structural
applications) and nanoscale (carbon nanostructures for battery electrodes.

Day 4 Session 1: Ecological and environmental
indicators
541: Evaluating the Ecological Sustainable Transportation System with An Application
of Radial Basis Function Neural Network
Yan Zhuang1, Chunjiao Dong1, Jianpei Qian1, Shengyou Wang1, Song Xue1
(1. Key Laboratory of Transport Industry of Big Data Application Technologies for Comprehensive
Transport, Beijing Jiaotong University, Beijing 100044, China)
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The ecological and sustainable development of urban transportation system is critical to improving the
overall quality of life and achieving the goals of climate protection and sustainable development. The
study focused on factors from level of social and economic development, the quality of transport
service and urban ecological environment to develop a comprehensive assessment indicator system. A
novel method for evaluating the ecological sustainable transportation system based on the radial basis
function neural network（RBFNN）was proposed. Results of comparative experiments between
RBFNN and the conventional BP neural network (BPNN) showed that the accuracy of RBFNN was 8.3%
higher than that of BPNN while the training time was 27.2s lesser and the Root Mean Square Error
(RMSE) was 0.15 smaller. In the case of Shenzhen, China, the proposed model gave a reasonable
evaluation, which implied that RBFNN brought forward a new perspective for further research.
Keywords: Ecological sustainable transportation system; Radial basis function; Neural network;
Assessment indicator system; Evaluation model

701: Transition towards Solar-Powered Built Environment: Spatial Distributions and
Impacting Factors of Australian Solar Installations
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With the advantages of non-renewable energy conservation and environmental protection, solar
energy technology has been widely used worldwide. Data shows that solar systems has been
increasingly installed from 2006 to 2016 in Australia. However, impacting factors on Australian solar
system installation remain unknown. Therefore, this paper provides a spatial regression analysis to
identify the factors that influence households to install the solar panels. Solar installation maps of 2006,
2011, and 2016 are compared to investigate the changes and development of solar distribution.
Besides, cluster maps are analyzed to investigate the cluster area distributions. Through analyzing
statistical variables such as regression coefficient, p-value, z-value, and Moran's I value, it can be
concluded that educational qualification, population, and household composition have substantial
positive relevancies to the installation of solar systems. It also shows that the low solar installation
cluster areas mainly distribute at the center of Australia.
Keywords: Solar power, solar energy, solar panel, Australia, spatial regression analysis, spatial
distribution.

163: Key aspects for building a life cycle inventory of milk production under Brazilian
conditions
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Brazil is the largest milk producer within the developing countries in the western world and is the fourth
largest in the world, which brings benefits to the national economy but also attracts attention to its
environmental impacts. The objective of this study is to present the key aspects for building a life cycle
inventory of the milk production system under Brazilian conditions. To that end, the principles of life
cycle assessment will be applied, following ISO 14040 and ISO 14044. The product system comprises
the milk production within the farm boundaries. That introductory analysis will provide academia and
practitioners with a holistic view of the milk production process under Brazilian conditions, and will
allow spotting the main difficulties and limitations for building a life cycle inventory of said production
process, besides allowing to infer on the role of such data in the environmental impacts of milk
production.
Keywords: Life Cycle Inventory. LCI. Milk. Milk production. Milk farm.

580: A novel modelling toolkit for unpacking the Water-Energy-Food-Environment
nexus of agricultural development in Andean countries
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Introduction
Increasing global demand for food represents a big opportunity for economic growth in developing
countries through exports of agricultural products. However, irrigation expansion is threatening the
sustainability of water resources (Dalin et al., 2017). Latin America and the Caribbean is a region of
growing importance in global food supply, currently representing 13% of total food trade (Chaherli and
Nash, 2013; IDB, 2014). Driven by increasing global demand, development programs in Andean
countries such as Ecuador and Peru have been supporting agricultural activities to expand new irrigated
areas and promote high-value crops production. However, there is evidence of this agricultural
development already causing environmental issues and disputes over water resources.
Our study aims to develop a novel modelling toolkit for unpacking the Water-Energy-Food-Environment
(WEFE) nexus of agricultural development in Andean countries. This toolkit enables integrated
modelling of the different elements of the WEFE nexus, taking into account socioeconomic aspects as
well. It can provide the much needed evidence base for policy makers in these countries to develop
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more informed and coordinated policies. A case study on asparagus and table grapes production in the
Ica valley in Peru is used to illustrate the toolkit.
Method and data
The WEFE modelling toolkit is illustrated in Figure 1 and has three soft-linked components: 1) An
irrigation simulation module that employs the soil water balance WaSIM model (Hess, 2000) to obtain
the irrigation water needs and an energy model (Daccache et al., 2014) to estimate the energy needed
for abstraction and water application on the field; 2) An environmental assessment module that
employs Life Cycle Assessment (LCA) to evaluate key environmental impacts of agricultural production,
including, e.g., climate change, air pollution, water pollution and land use; and 3) A socioeconomic
analysis module that employs a partial equilibrium model to simulate the market dynamics and
behaviours of key actors.
A case study on asparagus and table grapes production in the Ica valley in Peru is used to demonstrate
how the toolkit works. The Ica valley has experienced an ‘agro-export boom’ supplying high-value crops,
representing a third of the country’s exports of horticulture and fruit products (Oré et al., 2012).
Population growth together with increase in irrigation demand is putting the Ica-Villacuri aquifer under
growing pressure.
The WaSim model requires climatic data, soil conditions and crop parameters as inputs and produces
actual evapotranspiration and drainage from the root zone as outputs. The inputs needed for the LCA
model include consumption or use of materials, equipment, services and resources while the outputs
are a wide range of environmental impacts. The socioeconomic model needs data on exports and local
food prices, irrigation water requirements, household income, employment and migration to calibrate
model parameters. External shocks like water availability and international food prices are fed into the
model and update level of poverty, income and production are obtained. Input data on water, energy
sources, asparagus and table grapes production, prices, household income, migration, employment and
environmental factors such as climate characteristics and soil properties are collected through previous
research, literature review and local sources.
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Figure 1. Conceptual structure of the WEFE modelling toolkit to assess sustainability pathways in
agricultural development.
Results and conclusions
The outputs from our WEFE modelling toolkit will include resource efficiency and sustainability
indicators at the field level related to water (e.g., water productivity, water debt and water scarcity)
and energy use (e.g., energy productivity, energy/water efficiency, energy/land efficiency). Moreover,
additional indicators will cover local socioeconomic aspects (e.g., food prices, poverty rate,
employment and income), and the life cycle environmental impacts (e.g., fossil fuel depletion, land use,
carbon footprint, particulate matter formation and eutrophication). This information will help policy
makers in the Andean countries to holistically understand the interlinkages and interdependences
between the WEFE nexus elements and the complex impacts of agricultural expansion beyond the food
sector.
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550: Factors influencing the utilization of industrial waste heat in mega-cities: GISbased simulation of mega-city Tokyo
Yi Dou1, Minoru Fujii2, Yasunori Kikuchi1, Satoshi Ohnishi3, Yuichiro Kanematsu1, Lu Sun2
1 Presidential Endowed Chair for “Platinum Society”, The University of Tokyo, 7-3-1 Hongo, Bunkyoku, Tokyo 113-8656, Japan
2 Center for Social and Environmental Systems Research, National Institute for Environmental Studies
(NIES), 16-2 Onogawa, Tsukuba, Ibaraki 305-8506, Japan
3 Tokyo University of Science, 2641, Yamazaki, Noda, Chiba 278-8510, Japan
*Corresponding author: dou.yi@platinum.u-tokyo.ac.jp (Dr. Y. Dou). Tel/Fax: +81-(0)3-5841-1596.
Industrial waste heat, including the heat exhausted from thermal power plant, large industries, and
incineration facilities, is a critical resource in mega cities. Although utilization of waste heat is already
technically available within an industry or industrial park, currently the overall usage of waste heat in
mega cities is still inefficient and insufficient because of various problems, such as lacked information
on the location and heat demand of potential heat user, technology competition, funding requirement,
and the difficulty in adjusting operation schedule. How are these factors comprehensively influencing
the potential of using industrial waste heat in mega cities? This question requires a realistic simulation
model to evaluate the potential of waste heat utilization with comprehensive scenario analysis
considering different influencing factors.
This study aims at developing a region-scale simulation model to evaluate the influence from various
factors on the potential of utilizing industrial waste heat, integrating several submodules including GISbased demand-supply matching, technical assessment on heat exchange technologies, energy flow
analysis, cost-benefit analysis, and market mechanism analysis. First of all, waste heat sources (thermal
power plant, industries, and incinerators) and potential users (industries and district heating networks)
are matched based on GIS (Geographic Information System) with their accurate location. Heat atlas is
created for analyzing the distribution of waste heat generation and heat consumption, while proximity
analysis with heat transmission model is conducted for selecting out physically and economically
feasible heat exchange partners in principle of cascade heat use. Next, market mechanism with policy
packages is simulated that impacts the matching procedure between sources and users, considering
different scenarios under open-data policy, priority setting, fund limitation on initial investment, and
so on. Finally, the results in these scenarios are evaluated and compared with each other to
quantitatively identify the influences from the various factors.
Tentative results indicate mega-city Tokyo has a great amount of industrial waste heat available to be
cascade utilized in industries and urban areas. However, to maximize the total quantity and overall
energy efficiency, not only the data on waste heat generation and heat consumption should be open
to the market (open or limited open), but also an optimal market mechanism should be established
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which helps match the heat sources and users in priority of pay-back period. Particularly, a proposed
public funding system is expected to accelerate the speed in initial investment and shorten the overall
pay-back period in the whole society. Regarding the uncertain factors on technology innovation,
efficient heat pump and energy saving activities can bring a negative impact on network expansion, but
this can be offset by high efficiency heat transport while the risk in technology competition also can be
partial reduced with shortened pay-back period by positive initial investment. Thus an optimal roadmap
for technology diffusion and investment is necessary as early as possible for a broad utilization of
industrial waste heat in mega cities.
Key words: Waste heat recovery, industrial symbiosis, energy system, resource recycling, Tokyo
Metropolitan Area

121: Wastewater treatment system optimization with an industrial symbiosis model:
A case study of a Chinese eco-industrial park
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Industrial wastewaters are discharged to centralized wastewater treatment plants (CWWTPs) in
industrial parks after necessary in-plant treatment to decrease the relevant pollutant concentrations.
Industrial wastewater pollutant concentrations, especially those of the chemical oxygen demand (COD)
and other specific industrial contaminants, are significantly reduced by in-plant pretreatment, thereby
reducing the pollutant load and guaranteeing the operational safety 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 IS-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.
Keywords: centralized wastewater treatment plant (CWWTP), industrial park, industrial symbiosis (IS),
cost-savings potential, food industry, greenhouse gas emissions mitigation
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677: Rhetoric of Sustainable Development in Industrial Symbiosis
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As scientific evidence exposes the need for paradigm shifts in the management of resources of
industrialized societies (IPCC, 2019), initiating collective action towards such shifts remains challenging
(Berkes, 2017). Industrial Symbioses (IS) are important examples of collective regional initiatives
contributing to this shift. They aim at reducing environmental burden and improving economic
performance by substituting raw inputs with compatible by-products or by achieving pooling and
sharing practices (Chertow, 2000). These initiatives are for instance frequent in cement or energy
production (Cao et al. 2020) but also cover the management of organic waste to build synergy with
local agriculture (Wassenaar et al. 2014). Understanding social dynamics beyond IS may unlock new
development potential, and help to translate a known need into real change.
Several authors suggest that an approach based on discourse analysis may lead to a better
comprehension of IS initiatives. For instance, Queste (2016) shows the importance of rational myths
(RM), which are collective justification for action (Holm, 1995), in collective waste management. We
studied Industrial Symbiosis Initiatives (IS-I) as a succession of discourses and examined the key
elements of these discourses, in order to improve the understanding of collective management
dynamics. We selected 14 French IS-I based on national inventories (Oree, 2016, Ademe 2018),
according to their diversity in terms of spatial range, type of synergies and type of actors involved. We
identified discourses in these case studies, and focused in particular on the collective justification of
actions - the RM - at different moments of the initiatives.
This analysis shows that an important number of the actions are undertaken as a collective commitment
to normative, long term and ill defined objectives. Rhetoric studies used the term ideograph to
designate words that embody such objectives, which have been shown to play an important role in the
development of new technologies (McGuee, 1986; Joly 2010). We propose to expand the use of the
term ideograph to designate these particular types of collective justifications, and analyse how these
discourses integrate the broader ideograph of Sustainable Development (SD) (Brundtland, 1987, Bos et
al. 2014). To deepen their description, we decompose the discourses according to the triple bottom
line framework, often acknowledged as a normative objective of SD, which implies to improve at the
same time the environmental preservation, the economical performance, and the social well-being.
Figure 1 shows the diversity of situations in which ideographs are used regarding the stage of IS-I and
the type of actors. It also suggests the relative importance of economical, ecological and social concerns
through the practice of IS, decreasing in this order. Results lead us to conclude that (1) all IS-I contain
at least one discourse that embeds one or more ideographs (2) These ideographs are present at all
stages of IS-I, and mainly during the evolution, (3) they are used by both public and private actors, and
(4) most IS-I involve all three dimensions of SD through ideographs but these are not simultaneously
present in all discourses.
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Figure 1 : References to ideographs among the discourses of 14 Industrial Symbiosis Initiatives (IS-I)
and their link with sustainable development according to (a) the stage of the IS-I and (b) the type of
actors formulating the discourse.
Our study remains limited to a certain type of collective action and a single national geographic area.
The results suggest that it might not always be necessary to have a comprehensive knowledge of local
situations to initiate and maintain collective action in the context of IS-I, since ideographs may be
powerful collective justifications. The concept of plausible promise (Wassenaar et al., 2014;
Douthwaite et al. 2002) may help to better characterize the performativity of these discourses, which
is their ability to change the behavior of actors (Austin, 1962). Understanding the generation,
diffusion and evolution of ideographs could then be an important lever to enhance collective actions
such as IS-I.
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58: Industrial Symbiosis technical implementation support database – definition of
variables and datasets
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Industrial Symbiosis (IS), a sub-discipline of Industrial Ecology, has taken a determining role in
transitioning and achieving circular economy models (EREP, 2012; Saavedra et al., 2018). The practical
application of IS scenarios entails the implementation of synergies, i.e., exchanges of materials, energy,
by-products or services which are dependent on the interaction of enabling, triggering, and barriering
factors in domains such as social, economic, geographic, policy and regulatory, cultural, technical and
technological. With the objective of overcoming barriers and supporting the implementation of
Industrial symbiosis at their different stages, from the identification of opportunities to the actual
implementation, several facilitating tools such as frameworks, methodologies, databases, platforms,
ICT tools, among others have been developed.
Concerning IS databases and repositories, a gap has been identified in overcoming technological
barriers associated to the technical implementation of synergies. Although the current IS databases
provide data regarding the identification of donor and waste receiving industries, exchangeable byproducts, and geospatial data concerning the implementation of synergies, they do not consider
variables that support the identification of associated technical procedures, defined as the set of
intermediary processes and technologies, and the variables that can support further technical, socioeconomic and environmental characterization aspects. Consequently, the support for decision-making
of appropriate technologies is disregarded.
Therefore, the purpose of this paper is to propose an IS database template that integrates the
necessary data to support the definition of the technical procedures, the identification, characterization
and decision-making on technologies selection, as well as provide technical data to sustain socioeconomic and environmental assessment associated to synergies implementation. Three datasets were
defined for the database template.
The first dataset considers data regarding the identification and characterization of synergies,
independent of its identification source, and applicable to implemented or innovative synergies. It
compiles variables regarding the involved companies, industrial processes, identification of byproducts, its technical objective, as well as quantitative and qualitative information such as material
quantities and technical characteristics of by-products. In the case of innovative synergies, the
proposed variables provide data required to validate and assess the feasibility of the symbiotic
exchange.
The second dataset compiles information regarding procedure definition as well as, when applicable,
the identification and characterization of the technologies associated. It compiles variables regarding
the involved intermediary processes, facilities, transport operations and logistics associated, as well as
support a technical viability analysis, and required technical specifications for the implementation of
the associated technologies. This data will support stakeholders in the implementation and replication
of synergies.
Considering the needs to provide input variables that could support the analysis of the socio-economic
and environmental impacts in order to assess the sustainability of the synergy, a third dataset has been
defined. Regarding the socio-economic domain, the variables defined contemplate investment and
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operational data for technical procedures characterization. To support further environmental analysis
studies, the variables proposed are related to the inputs, such as resources and energy, and outputs,
such as residues and emissions associated to the technical procedures involved. Figure 1 resumes the
multistage dataset approach scheme and the associated variables for the proposed database template.
The proposed template has been validated in one hundred synergies, including innovative and
implemented ones (Azevedo et al., 2019). The proposed variables successfully allowed to validate the
identified synergies and compile the information to characterize the technical procedure as well as the
technologies associated to their implementation. The data inputs also enabled stakeholders to conduct
socio-economical and life cycle assessment studies at a synergy level.

Figure 1. Datasets and variables contemplated in the database.
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562: Development of reverse supply chain network with postponement strategies for
multiple remanufactured products
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Abstract. Along with stricter environmental protection laws and increasing environmental awareness,
the increasing product customization and growing demand for remanufactured products have affected
nowadays business. This situation emphasizes the importance of developing a reverse supply chain
instead of just relying on the efficient forward supply chain. Taking account of postponement concepts
into the reverse supply chain would enable efficient operations and reduce resource consumption.
However, many studies did not associate postponement concepts with the reverse supply chain.
Therefore, this study proposes a mathematical model of reverse supply chain network incorporating
postponement concepts in handling multi-product remanufacturing. Speculation-postponement
strategies with modularization production are applied to enable push-pull systems and bring masscustomization advantage to the reverse supply chain. How postponement strategies increase the
network’s flexibility and components sharing capabilities in the reverse supply chain network are
investigated. This study provides a pioneer work in reverse supply chain modelling with postponement
strategies.

Keywords: Postponement; Speculation; Modularization; Reverse supply chain; Remanufacturing; MultiProduct.

680: Role of the Informal Recycling Activity Practitioners in China
Yuk Tung CHOW
The Hong Kong University of Science and Technology
Extended Abstract. The integration and standardization of informal recycling activities is a necessary
stage to solve solid waste and standardize recycling activities of a circular economy in many low income
countries. Designing an inclusive recycling industry chain and integrating the informal and formal is the
crucial part to solve this challenge. Existing research on the integration of informal recycling activity
practitioners focus on understanding the economic behavior and values based on quantitative
indicators. A majority of the studies estimate the quantity of the recycled materials and the economics
efficiency. For instance, the relationship with the end customers in the informal recycling activities
would be described as an unstable and “non-intelligent business model”, compared to the internet
platform-based collection system. According to the study on the business model of informal collection
integration (Xue et al., 2019), informal collection does not target household waste. However, such
assessments ignore that the informal practitioners establish their business based on social relationships
and large transfer networks. Inter-personal connections enable them to provide the door-to-door
services flexibly and accumulate stable customer resources. The same mechanism is found when the
practitioners formulate a collection chain with other recycling segments (i.e. the recycling-focused
county like Wenan and Guiyu) in the whole recycling chain. The role of practitioners is often understood
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in a biased perspective that ignores the historical background of the industrial development, the
formation of the recycling industry chain and the different internal scales. The problem has already
manifested in China’s extensive replacement of traditional family workshops with industrial parks. For
example, in the anthropological study conducted by Lora-wainwright and Schulz (2019) in Guiyu, the
industrial park was assigned to the previous practitioners, and the design of the industrial park ignores
the previous scales and the recycling capacity based on the county’s social network. Similar to this case
study, since the majority of the case studies analyze a single city or town without expanding their
external validities, no reference model can be provided to other practitioners and industries. Therefore,
in order to better integrate the policy into the existing recycling industry, and for assessing the impact
of policy implementation on millions of practitioner families and their livelihoods, it is necessary to
reformulate, sort out and deconstruct existing cases studies. With the industrial chain as the
framework, this study horizontally compares the case studies of China’s informal recycling activity
practitioners since 2002. The study finds that most of the practitioner groups develop similar labor
organizations and provide flexible services based on the long-term kinship relationships and social
network with their service targets. Along with the development and industrialization of the recycling
industry in China, the recycling industry has been connecting to the market demands, which plays
diversified roles in the recycling industry according to their geographic locations. Some practitioners
formulate a middle point system in the urban areas, and connect the traders in the sub-urban areas,
while this in-turn enable the recycling hubs to be generated in rural areas. Additionally, the study also
found that these practitioners are easily influenced, and their ability to make ends meet may be
disrupted due to the policy surroundings.
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Abstract: The exponential uptake of rooftop solar is causing a concern on the looming e-waste crisis
once the technologies reach the end-of-life. Solar panels and battery energy storage make up the major
components of rooftop solar photovoltaic systems. The underpinning valuable and critical materials
present in both solar panels and batteries, the recovery process is imperative to conserve and
recirculate these materials to meet the future demand of solar energy systems. This research aims to
develop a participatory systems model to examine different transition pathways towards an effective
end-of-life management system of residential solar photovoltaic and battery energy storage in
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Australia. This project is divided into five stages: 1) problem scoping, 2) conceptual model development,
3) system dynamics model development, 4) scenario analysis, and 5) gamification.

Stage 1
Problem Scoping

• Systematic
literature review
• Expert review
• Stakeholder survey

Stage 2
Conceptualisation

• Causal loop
diagram
• System archetypes
• Reference modes
• Validation
workshops

Stage 3
Dynamics Model
Development
• Stock-and-flow
diagram
• Validation and
verification
• Stakeholder
workshop

Stage 4
Scenario Analysis

• Cost-benefit
analysis
• Policy and practical
implications

Stage 5
Gamification

• Computer-based
gamifiction
• Stakeholder
learning

Stakeholder Engagement

Fig. 1. Methodology flow
Firstly, a systematic literature review approach was used to identify knowledge gaps as well as to
synthesise the list of drivers, barriers, and enablers. Secondly, the list was validated through an iterative
expert review process regarding its comprehensiveness, relevance, and clarity. A stakeholder survey
was then utilised to compare the drivers, barriers, and enablers among stakeholders. The second stage
involved the development of a causal loop diagram based on the results of the previous stages and was
validated via two stakeholder workshops to ensure its validity. The causal loop diagram captured the
complexity and causal feedbacks between variables underpinning the studied system. The diagram is
divided into three themes: 1) waste generation, collection, and disposal; 2) end-of-life management
strategies; and 3) cost and benefit analysis. A sub-system diagram in Fig. 2 briefly describes the
components and general interrelationships between stakeholders present in the causal loop diagram.

Industry Associations:
• Accreditation
• Policies and strategies

Accredited Arrangements:
• Establishing collection
network
• Funding model for
collection and recycling
• Promotional effort
• Reporting

Installers:
• Providing de-installation
services
• Dropping EoL PV and
BESS to designated
collection points
Government:
• Product stewardship scheme
• Regulation and incentives
• Enforcement and monitoring

Residential Sector:
• Generated EoL PV and
BESS waste
• Willingness to pay for deinstallation services

Recyclers:
• Providing recycling services
• Capacity investment
• Capability investment

Fig. 2. Sub-system diagram
Based on the conceptual model, a system dynamics model will be developed and will be refined and
validated via a stakeholder workshop. The model will then be used to examine different transition
pathways toward an effective end-of-life management system. In the latter stage, the system dynamics
model will be linked to an interactive role-play gaming platform. This game will be presented in a
stakeholder workshop which enable stakeholders to change and response to different strategies. This
stage is imperative to facilitate stakeholder learning process regarding the long-term and medium
implications of various policy or parameter adjustments. The implication of this research project is to
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assist policy makers and industries to find an optimal strategy towards an effective management of
end-of-life rooftop solar and batteries in Australia.
Keywords:

Solar photovoltaic, battery energy storage, system dynamics, product stewardship,
Australia

739: Cement composites incorporating larger quantities of waste gypsum in the
combination with different recycled materials
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European Union is in transition to circular economy, supported by targeted policies and strategies, with
aims at accelerating the transformational changes required by the European Green Deal. The circular
economy paradigm requests efficient and responsible use and management of raw materials and
favours use of alternative materials instead of virgin materials. The most perspective ones are different
types of recycled waste, especially in the light of the long-term prediction, that the annual waste
generation globally is going to increase by 70% by 2050.
Synthetic gypsum is a by-product generated during various chemical processes. Numerous different
types of industrial residues have been routinely recycled, in the construction sector, but in the case of
waste industrial gypsum this practice has not yet been widely implemented, so that only limited
practical technical knowledge is available about this material, which has a low recycling potential due
to its specific chemical and physical properties. It is also sometimes contaminated by toxic metals.
Research concerned with the use of a high content of gypsum in different systems of cement
composites has shown that the properties of the investigated composites are comparable to standard
requirements. It should be noted, however, that in the vast majority of cases conclusions are drawn
from the results of physico-mechanical analyses, whereas microstructure development and phase
analysis are not dealt with in detail. This means that direct links are not established between the
formations of the phases at the microstructure level, neither is their impact on the composite as a
whole and on the resulting physico-mechanical properties of the composites. Interpretations of the
effect of adding high amounts of gypsum to cement composites are based mainly on assumptions.
Detailed characterization of several different recycling materials (eight ashes and two slags) has been
performed and investigated in cement composites with two different waste gypsums and two different
cements. In the second step, red gypsum was blended in cement composites in the combination with
three of the analysed recycled materials, exhibiting the best results in the first stage of the research
work. In the presented work, results of the detailed mineralogical and mechano-physical tests are
presented. Further the discussion on the mechanisms of hydration and the effect of ettringite quantity
formatted in such composites - to describe such composites on a phenomenological level is highlighted.
Results of investigations into the properties of cement composites with a high quantity of red
titanogypsum have shown some as yet undescribed hydration mechanisms in systems of this kind:
(1) Relict red gypsum grains in the cement composites with cement CEM I indicate the selective
dissolution of the gypsum grains (Figure 1A). As the hydration time increases, the relict gypsum grains
showed a complete depletion of calcium from gypsum into the composite matrix.
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(2) In the case of the cement composites where calcium CAC was used, the mechanism of the hydration
shows a completely different trend. The selective dissolution of gypsum could not be identified as
reaction rims of the hydration product ettringite formed around the relict gypsum grains (Figure 1 B).
A

B

Figure 1: Micrograph of relict red titanogypsum grains after 1 day of hydration in a cement composite
made with CEM I cement (A), and in a cement composite made with cement CAC (B), together with the
results of semi-quantitative chemical analysis (EDS).
Acknowledgments:
The authors acknowledge the ARRS funding’s P2-0273 and Z1-1858.

Day 4 Session 4: Green/Sustainable Manufacturing 2
565: Green Productivity of Grass Root Employees for Sustainable Manufacturing
1Ankur Goyal, 2Dinesh Chandra Vaish, 3Dr. Rajat Agrawal
1,2,3 Department of Management Studies, Indian Institute of Technology Roorkee, Roorkee, 247667,
Uttarakhand, India
Abstract. Manufacturing industries are thriving for sustaining their competiveness despite of a new
challenge i.e. Environment friendly manufacturing. Complying with new regulations and pressure from
stakeholders are compelling industries to adopt new technologies, management system, and processes
which can minimise ecological footprints. In emerging economies, rapid growth of industries is posing
high pressure on environment and also large share is governed by small and medium size industries
which are deprived of required fund for investment. In order to overcome this problem, this paper is
suggesting a concept of ‘Green Quality Circle’ which empowers Grass root employees i.e. workmen
who improve manufacturing processes with environment point of view. In this regards, the purpose of
this paper is to bring attention of academicians and practitioners for untapped potential of employees
at gross root level.
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manufacturing, Green manufacturing

455: Recycling of chrome-copper-arsenic timber through cement particle board
manufacture
1Mitchell Muley, 1,2Jong-Leng Liow, 1Amar Khennane
1School of Engineering and Information Technology, UNSW Canberra, ACT, Australia 2600
2Corresponding author, j.liow@adfa.edu.au
Extended Abstract
Chrome-copper-arsenic (CCA) treated timber is used extensively for external use in Australia. A large
quantity of used CCA treated timber is now being stockpiled as landfills are increasingly reluctant to
accept them due to the need for expensive site treatment to ensure CCA compounds do not leach into
the ground and contaminate ground water sources. Re-use of the CCA timber is a solution to keep it
out of landfills. We studied the use of both untreated and CCA timber chips for the manufacture of
cement particleboards. Cement particle boards provide both thermal and acoustic properties that are
enable buildings to moderate the climatic conditions within as well as reduce noise penetration in urban
environments.
A wood chipper was used to prepare wood chips from CCA treated and non-treated timber. The
screened wood chips sizes ranged from 5 to 25 mm with a median size of 15 mm for CCA timber and
20 mm for untreated timber. Ordinary Portland cement (OPC) was used as the binder and the mass
ratio of cement to wood was varied from 0.5 to 2.0. Higher cement to wood ratios were not used as it
resulted in too dense a material which was difficult to cut, fix and transport. The water to cement mass
ratio was kept at 0.45 for all samples. The mixtures were first cured at 25°C at 65% humidity for 24
hours. During this time they were subject to 2.2 kPa of compression. After 24 hours the samples were
removed from the moulds and transferred to a fog room at 20°C at 100% humidity and cured for 28
days before testing of the samples occurred. The densities of the samples ranged from 680 to 1020
kg/m3.
ASTM D1037 and ASTM D3501 were used as the test standards for the flexural (three-point bending),
compression and tensile tests to characterise the strength of the samples. All tests were conducted
utilising a Shimadzu AGS-100kNX Ultimate Tensile Machine (UTM). Load and displacement data was
recorded for all tests. Due to the brittle nature of the samples, the loading rate was reduced to 1
mm/min for flexural tests, to 5 mm/min for compression tests to enable the capture of the failure. A
loading rate of 2.4 mm/min was maintained for tensile testing. The Modulus of Rupture (MOR) was
found to increase with increasing density of the sample which implied that the increased density led to
more material to distribute the load, resulting in increased sample stiffness. Thus increasing cement
content led to an increase in stiffness. This result was exhibited by both CCA and non-treated samples.
It was found that the highest MOR was exhibited for a cement/wood ratio of 1.5. Digital image
correlation suggests that the weak points in the sample were responsible for the failure and the location
of the points is dependent on the manufacturing process. Tensile testing of the samples showed that
the maximum ultimate stress was observed for a cement/wood ratio of 1.5 for both non-treated and
CCA samples. A cement/wood ratio of 0.8 was found as the lower limit for strength and cohesion
requirements. In conclusion, a cement/wood ratio of 0.8 to 1.5 was found to result in a cohesive
product with a ratio of 1.5 being the optimal mixture for maximum strength.
Keywords: Chrome-copper-arsenic timber, leaching, cement particleboard.
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65: Website Communication Capabilities and Content Related to Environmental
Management – An Empirical Study of European Production Companies
1 Heiko Henning Thimm, heiko.thimm@hs-pforzheim.de, 2 Karsten Boye Rasmussen
1 School of Engineering, Pforzheim University
2 Marketing & Management, University of Southern Denmark
Abstract. Environmental management concerns are being made available at corporate websites. The
websites disclose the organization's communication capabilities and content related to environmental
management. The increasing momentum of the climate change debate, the rising interest of
stakeholders in environmental issues, growing openness of corporations, the innovations in
information and communication technology, and web presence being increasingly important are all
factors likely to advance the environmental properties of company websites. This work contributes to
the exposure of the current state of environmental disclosure through an empirical study of 154
websites of companies within the European production sector. The sample of companies include a
group of very large companies with more than 10,000 employees and a group of medium-sized
companies with 126 to 250 employees. The study revealed a surprisingly low general level of website
display of communication capabilities and content related to environmental issues. Many companies
are not yet taking part in environmental disclosure and openness. Furthermore, data confirmed that
medium-sized companies are lagging behind large companies. Surprisingly, environmental certificates
were observed at the websites of medium-sized companies almost to the same degree as at websites
of large companies.
Keywords: environmental management, environmental disclosure, company website, European
companies, company survey, website observation

520: Improvement of phosphorus extraction in rice parboiling process
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Sinos/UNISINOS, São Leopoldo - RS, Brazil, email: reginaem@unisinos.br
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Introduction
Phosphorus (P) is an essential nutrient for all living organisms and a fundamental component of
fertilizers used for food production (Atienza-Martínez et al., 2014). Nevertheless, this mineral should
be removed from wastewater, when in excess, to avoid eutrophication of the receiving water bodies
(Sorensen et al., 2015). Phosphorus is a highly demanded input for agriculture worldwide. Ott and
Rechberger (2012) concluded the European Union (EU) is almost entirely dependent on imports, since
China, Jordan, Morocco, South Africa and the United States of America have approximately 81% of
global phosphate reserves (Jasinki, 2019). Thus, the development of new strategies and technologies
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for the recovery of phosphorus from secondary resources has become one of the new global
challenges.
Rice (Oryza sativa L.) is one of the most cultivated crops worldwide. Brazil is among the top 10
producers, being the largest one outside Asia (FAOSTAT, 2019). Approximately one quarter of the
Brazilian production is used to obtain parboiled rice (ABIARROZ - Brazilian Association of Rice Industry,
2019). Parboiling process is a hydrothermal treatment designed to gelatinize rice starch, which results
in a product with increased yield (fewer broken grains), longer shelf life and higher nutritional value
when compared to polished white rice (Balbinoti, Nicolin, de Matos Jorge, & Jorge, 2018). This process
generates the parboiled rice mill effluent (RME), which is highly polluted in nature because it contains
high levels of organic matter and high levels of nitrogen and phosphorus as well. Each kg of parboiled
rice generates about two liters of RME, it generates 504 billion L/year in Brazil (Gil de los Santos, Gil
Turnes, & Rochedo Conceição, 2012).
Hydration is the first step of the parboiling process and consists in soaking the rice (usually in husk) in
water to promote starch hydration. At this operation, the temperature and hydration time should be
adjusted to favor greater water diffusion inside the grain and to minimize the process time. According
to studies conducted by our group, the soaking time typically used by Brazilian industries is from 5 to 6
h with temperatures between 60 and 70ºC.
The aim of this work is to analyze the influence of soaking conditions in the rice parboiling process on
the phosphorus concentration in RME.
Materials and Methods
Soaking of rice paddy assays were performed on bench scale, using similar operating conditions of
industrial scale. The experiment was conducted at 60 and 70ºC for 2, 4 and 6 hours, using rice and
hydration water at a ratio of 1:2 (m/v). The total phosphorus content was determined by the
molybdovanadophosphoric acid method - 4500 P.C. (APHA, 1998). Results were analyzed by ANOVA
and means were compared by Tukey test at 5% significance.
Results and Discussion
Before defining strategies for phosphorus recovery, it is necessary to know what conditions could
maximize the extraction of this mineral from rice to the soaking effluent. The results obtained are
presented in Table 1.
Table 1 - Amount of phosphorus (mg/L) in the effluent under different soaking rice conditions
Time (h)

60ºC

70ºC

2

25.59a

27.23 a

4

33.24b

35.97 b,c

6

37.61c

44.71d

Means with the same letters are not significantly different (Tukey, p < 0.05)
The results showed that the higher temperature and soaking time, the higher phosphorus content is in
the generated effluent. Furthermore, the phosphorus content obtained at 70 ˚C and 6h was
significantly higher than all other conditions.
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Conclusion
Preliminary results permitted to conclude that, the best rice soaking condition tested to maximize
phosphorus extraction to effluent has been 70 °C and 6 hours.
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Day 4 Session 5: Governance, legislation, and policy for
sustainability 2
349: The imperative for an effective battery management policy in the UK
The electrification of transport is key to the global strategy to tackle climate change and reduce global
warming. However, alongside potential benefits, is a danger that environmental gain from EVs could
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be eroded if robust regulatory strategies for safe and sustainable end-of-life management of EV
batteries (lithium-ion batteries, or LIBs) are not implemented as a matter of urgency.

Although this a relatively novel technology (1) so numbers of EV LIBs reaching the end of their first life
is manageable at present, the sale of EVs is growing exponentially. The volume of batteries that will
need to be dealt with as they are no longer able to provide vehicular traction will grow quickly as the
first generation of EVs start to age. Estimates of the global tonnage of spent LIBs discarded by 2030
range from 11 million tonnes to 16 million tonnes (2). In the UK alone, the Faraday Institution ReLIB
project currently estimates that around 16,650 tonnes of EV batteries will reach the end of first life by
2028 (3).
Yet, questions of how we will manage this imminent waste volume remain unresolved. In the
meanwhile, incidents of battery explosions and fire linked to discarded LIBs in waste disposal facilities
in the UK is growing at an alarming rate (4). LIBs contain many hazardous materials and are vulnerable
to explosions and toxic gaseous emissions, making safe management and disposal even more
imperative.
Various options are currently under review for the end-of-life management of LIBs (5): these include
recycling, re-use (using the battery again for the same purpose it was originally designed for) and
repurposing (re-using the battery for a different purpose to that it was originally designed for) (6).
There are, however, challenges associated with each of these options.
LIB recycling is at present difficult and costly; and recycling facilities in the UK are inadequate to deal
with the imminent volumes. LIBs also contain many valuable and critical materials, and will also contain
lots of residual power (75%-80%) even when they are no longer powerful enough to power an EV.
Circular economy goals demand that we harness maximum value from them.
It would thus appear, in theory, that re-use is preferable to recycling (a principle traditionally upheld by
the waste hierarchy (7) ) as it would seem to be less energy and resource intensive (8) than recycling,
and could help exploit the remaining power in these batteries. In practice, however, LIB re-use has
many associated challenges, which impact on its feasibility. These include significant potential health
and safety risks (9), technical barriers and lack of clear regulations.
Moreover, although re-use of EV batteries might increase resource efficiency, it will also delay the
availability of secondary raw materials, where shortages are identified as a factor that could limit
growth in this sector (10). Widespread second use will delay access to secondary materials and may
hinder the operation of take-back schemes under extended producer responsibility (EPR) models. EPR
is a regulatory tool that aims to ensure proper waste management of potentially hazardous products
by passing the responsibility for this back to the manufacturer of the product. Under the EPR provisions
of EU Batteries Directive 2006 (11). battery manufacturers and producers of products that incorporate
batteries are obliged to meet specified targets for collection, treatment and recycling of spent batteries.
Re-use of LIBs could hinder the operation of this.
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This paper highlights legal and regulatory concerns surrounding the end-of-life management of LIBs,
and policy opportunities to address these. We assess the relative merits of various different options in
achieving circular economy objectives, as well as the safety concerns around re-use and the legal
implications of these. We contend that failure to address this issue could carry high environmental,
social and health costs, and policymakers must intervene to minimise risks.
1
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623: Consumer views on incentives to promote public transport use in Ireland
Gideon Fadirana,b, , Stephen Onakusea,b, Judith-Ann Colgana,b
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b Centre for Sustainable Livelihoods, University College Cork, Cork, Ireland
Along the food production supply chain, consumers participate in regular shopping activities using
different modes of transportation. Influencing decisions within these stages contributes to sustainable
activities of responsible consumption and production activities. To attain emission reduction targets
within the transport sector, effective alternative transport modes are needed. In the absence of
environmental and social policy interventions, the transition rate towards sustainable consumption can
be impacted. A survey exercise was conducted on Irish residents with the objective of exploring
consumer views to incentives that contribute to the transition towards sustainable consumption with
a focus on transportation mode to shopping. On a Likert scale from ‘Poor (won’t work)’ to ‘Excellent’, a
sample size of 323 respondents ranked their views to 4 suggested incentive methods to promote their
use of public transport based on experience of regular mode of transport to shop over the past 12
months (collected over 3 months – July 2019 to September 2019):
1.
A fee or congestion charges on cars driving into city centre during working hours.
2.
A fine to the bus operator for unjustifiable delays per minute.
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3.
A re-usable timeframe ticket per route/area. E.g. Reusable 2-hour ticket on different buses in
same area.
4.
A delay receipt for commuters as proof at work.
The study answers the research questions below:
i.
Which group favours suggested incentives the most?
ii.
Which groups are most likely to accept suggested policy incentives to encourage the use of
public transport?
Figure 1 shows an example of the data intensity of preference towards one of the suggested incentives
by transport mode and age group.
Figure 1: Preference for reusable ticket

Methodology
The individual incentives were tested across a group of transport mode factors using the statistical
technique of ordinal regression analysis was used to determine the level of acceptance of the 4
incentive approaches to encourage the use of public transport. It considered common standards to
validate the dataset and interpreted results. These involved observations of model fitting information,
goodness of fit, parameter estimates, cell information and test of parallel lines to decide on hypotheses.
The methodology also involves the use of a reference group. The private car users are used in
comparison to consumers that either cycle, walk or take the bus to shop. Findings produced positive
significant observations for the respective transport modes summarised in Table 1 below. It shows the
group of transport mode users more likely to respond to respective incentives, if introduced. This also
implies a negative response from car users in comparison to the three other transport modes. That is,
car users are less likely to be as much in favour of these incentives.
Table 1: Consumer view to promotion of public transport
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Regular shopping
transport mode in last
12 months

1
Fee or congestion
charge on car in city
during work hours

- Transport mode users
more likely to favor
incentive policy 1-4.
Bicycle
-( ): Increase in policy
support due to 1 additional
user in X transport mode

Walk

2
Delay fine to the
bus operator for
unjust delays

(1.641) Bus

(1.118)

3
Reusable 2-hour
ticket on different
buses in same area

Bicycle

4
Delay receipt for
commuters as
proof at work

(1.725) Bus

(1.173)

(1.135)

Conclusion and policy pointers
Views and opinions to promote public transport in Ireland are explored using 4 examples of incentives
already adopted in some EU-member states. Findings showed that bus and bicycle users are more likely
to respond to presented incentives. However, these only represented 11.1% of the sample. The group
of consumers that walk have a higher preference for congestion charge on cars in city centre during
work hours. On the other hand, our findings suggest car users as the least interested in all incentives
and as such, the least willing to support public transportation change. This can be driven by personal
perception of the incentive impact as a car user. As the largest survey group, car users require more
policy attention for incentives to use public transport. This is an identified problem and a research gap
that should be addressed to achieve successful sustainable transport.
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715: Risk management of second-life electric car battery applications from a legal and
technical point of view in Spain-Barcelona
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3 SEAT, Martorell
Spain the management proposals in the town councils of the different communities have focused on
contributing to the environment [1] [2], the Ministry of Labor and Social Economy has laws and royal
decrees that govern employers and public administrations in order to protect their workers against
occupational risks [3],the law 31/1995 guarantees the well-being and health of workers, avoiding risks,
evaluating risks that cannot be avoided by analyzing the causes, adopting measures that put collective
protection before individual protection [4].
The main objective of this communication is to publicize the legislation in force and show that energy
storage systems that use batteries have a second life, which, although it is a progressive trend,
depending on the chemical properties and electrical specifications could cause problems for people.
(workers and users of the final product) in addition to the environment to take into account. The
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advantages of establishing preventive planning in risk management is to determine the action
measures, protocols, norms and to publicize the possible risks, in addition to establishing collective
protections if necessary, the possible applications in future projects and analyzing the application, the
geographical location would avoid accidents or secondary consequences (effects on the environment,
economic costs, human costs).
In Barcelona, as part of the indicators evaluated in the 2018-2030 Climate Plan is the number of electric
vehicle charging stations, in addition to the energy consumption of the municipal vehicle fleet for all
types of fuel (fossil and electric) [1], currently the city has 500 charging points (slow and fast charging
[max 50kw]). Various studies have determined technical parameters (State of Charg, State of Health,
Depth of Discharge ...) to evaluate the aging of electric car batteries, allowing to evaluate their second
life in order to establish an optimal application in storage systems of Energy [5], avoiding that it
becomes a surplus that can affect the environment.
There is a wide variety of batteries with different chemical components, physical dimensions, brands
among other characteristics, so determining to extend the life of these batteries is very important [6]
the instability of their components can cause fires [7]. In Spain there is AEDIVE Business association for
the development and promotion of electric mobility, formed by NISSAN, MINI, TESTLA, TOYOTA,
MAZDA,BYD y SMART [8] As an electric car manufacturer, it is part of the Spanish automotive and
mobility technology platform Move2Future [9], in addition to being the representative of the Spanish
market in the European electric vehicle association AVERE [10]. This association's function is to prepare
security regulations at the mobility level.
This paper presents a safety protocol proposal that has been directed mainly to the application of
second-life batteries in the application of energy storage systems, for the supply of fast charge energy
used in an electric station, considering the geography of Spain. -Barcelona and the various risks that
due to its geographical location could affect the environment.
Keywords: risks, protocols, SESS, prevention, safety.
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729: Emerging Circular Economy SMEs in Hong Kong: What Is Needed to Invigorate
the Dynamic
1Benjamin Steuer (bst@ust.hk)
1The Hong Kong University of Science and Technology, Division of Environment and Sustainability
Later than other municipalities in the region, Hong Kong has embarked on the Circular Economy to
address its sustainability challenges. While the government’s policy focus and support is exclusively
centered on the waste recycling industry, a small but vibrant circular economy business segment has
emerged over recent years. The present article deals with the question of how the young dynamic and
the growth of this business field can be sustained into the future. By using an institutional evolutionary
framework, the following paragraphs firstly analyze the divergence between official regulatory
measures and CE business practices derived from a sample of 45 company cases. The resulting findings
show that there is substantial room for formal institutional improvements, some of which are offered
in form of a comprehensive set of general and tailormade recommendations.
Keywords: Circular Economy; Sustainable Development; Hong Kong; Institutional Economics; SMEs

238: An Assessment of the Quantity of Electrical & Electronic Equipment (EEE) that is
initially placed on the Irish Market and subsequently exported from Ireland as used
EEE (UEEE) (ExportEEE)
1Kathleen McMahon, 2Chidinma Monueke, 3Colin Fitzpatrick
1, 2, 3 University of Limerick, Department of Electronic and Computer Engineering

This study focuses on exports of used electrical and electronic equipment (UEEE) which upon end of
life, then known as WEEE, is the fastest growing waste stream in Europe growing at 3-5% per year1. Due
to concerns over hazardous materials if improperly treated and the content of valuable critical raw
materials, treatment of WEEE has been a high priority for national and European policy makers for
many years and collection targets have become more ambitious in the revised WEEE Directive. The
original flat 4 kg/person/year target was criticised in the review of the WEEE Directive as not providing
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incentive for further improvement for countries exceeding this target comfortably due to high levels of
consumption2. As a result, the recast of the WEEE Directive requires a collection target transition to
45% of the average weight of EEE placed on the market in the previous three years from 2016, rising to
65% by 2019 or 85% of WEEE arising by 2019.
This new metric brings close attention to the flow of used EEE (UEEE). If used products are exported
from Ireland, then they are no longer available for collection for recycling. This project will explore the
development of a methodology to gather data on how much material is being exported falls into this
category. The ultimate ambition is that if a sufficiently robust method can be developed then these
products can be de-registered as being on the Irish market and thus reduce the overall recycling target
to more accurately reflect the quantity of WEEE being generated in Ireland.
A study by United Nations University conducted inspections on incoming shipments to Lagos, Nigeria
estimating the quantities UEEE3. This study ranked Ireland as the 8th highest source of UEEE into Nigeria
with roll-on roll-off vehicles being the substantially largest contributor, with a majority of items being
functional on arrival. As such, one significant aspect of this study investigates the shipment of UEEE in
roll on roll off vehicle exports, involving private citizens, through collection of exporter-compiled
packing lists accompanied by visual inspections of vehicles prior to shipments. From this data collection,
based on the number of vehicles shipped per year, the project will be able to calculate the average
quantity of UEEE per shipped vehicle. This will be reported by weight based on assigning already
established UNU codes for EEE categories and the associated weights for each item.
As of November 2019 the study has recorded the contents of 200+ vehicles leaving Ireland through the
port in Ringaskiddy, County Cork, from where all or most roll on roll off vehicles are shipped. Although
originally intended to only develop a method to measure and quantify the amount of UEEE being
exported from Ireland, upon project completion the team will have been able to test this method and
report an estimate of UEEE by weight leaving the Irish market through roll on roll off vehicles. Thus
illustrating the significance (or insignificance) of this export flow, and providing a simple, tested method
by which UEEE no longer available for collection can be measured by officials moving forward.
1 http://ec.europa.eu/eurostat/web/waste/key-waste-streams/weee
2 http://ec.europa.eu/environment/waste/weee/pdf/final_rep_unu.pdf
3 http://collections.unu.edu/eserv/UNU:6349/PiP_Report.pdf

233: Perceived effectiveness of garbage classification policy in Hangzhou, and its
impact on people’s recycling intention
1Yimin Fu, 1Yan Li
1 College of Asia Pacific Studies, Ritsumeikan Asia Pacific University
The continuous increase of household garbage is one of the major problems caused by urbanization.
With the in-depth development of urbanization in various regions, the predicament of being
surrounded by garbage has become a dilemma faced by cities. According to relevant researches, in
China, the implementation effect of the policy is not that satisfying compared with the resources
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invested by the government. The reasons behind this gap can be concluded to three points: 1)
divergence between policy and life, 2) inadequate treatment system, 3) lack of cognition and
cooperation among people. However, although many researches focusing on the first and second
points were done, the third point, “lack of cognition and cooperation of people” has not been well
studied till now. Unfortunately, the reasons behind this particular issue are indispensable for solving
the difficulties faced by China's domestic waste classification policies. Only by finding the main factors
influencing people's perceptions and behaviors related to waste sorting, can the government tailor
appropriate countermeasures accordingly and increase the beneficial result of related policies.
Therefore, this paper focuses on the neglected third point, surveyed 369 people from 5 different
housing estates in Hangzhou, China to examine the influence of perceived policy efficacy on citizens’
recycling cognition and intention. The results are expected to indicate the relationship between
people’s perceived policy effectiveness and other predictors of their action intention based on the
Theory of Planned Behavior as well as the Hirose Model. In addition to the overall analysis of the sample
group, the data will be further analyzed based on tags such as gender, education, and community to
generate more revelatory discussions. As expectation, the findings may compensate the blanks in this
area of research, provide insightful ideas for decision makers and future researchers to shape more
effective recycling policies, and offer references to other countries with similar issues in resource
recycling.
Keywords: Waste classification; Policy; Theory of planned behavior

Day 4 Session 6: Environmental and sustainability
assessment 2
522: LCA of reusing carbon fibers recycled through solvolysis process of thermoset
composites.
Angela Daniela La Rosa*, Vegard Leistad, Zoran Gavric, Sotirios Grammatikos.
Group of Sustainable Composites, Department of Manufacturing and Civil Engineering, Norwegian
University of Science and Technology, 2815 Gjøvik, Norway.
* Corresponding author: angela.d.l.rosa@ntnu.no

The life cycle assessment method was applied for the evaluation of the impacts related to the recycling
process of carbon-fiber/thermoset composite through solvolysis and the reuse of the recovered carbon
fibers in the production of new composite laminates. The avoided impacts were calculated for the case
of replacing virgin carbon fibers and virgin glass fibers with recycled carbon fibers in the production of
laminates for skis. Avoided impacts on the main impact categories were accounted by the CML midpoint impact assessment method. Damage on human health, resources and ecosystems were
calculated with the Recipe end-point method. Reduced damages were found when replacing virgin
fibers (both carbon and glass) with recycled carbon fibers. In our study we assumed that the recycled
carbon fibers were ready to use and no other treatment was required. The life cycle assessment (LCA)
was used to assist the eco-design of a new possible ski structure.
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Keywords: End of life; recycling; carbon fibers; circular economy; life cycle assessment.

538: Life cycle assessment optimization of a waste-to-energy plant
1Bening Mayanti*, 1Joel Songok, 2Petri Helo
1Vaasa Energy Business Innovation Centre, University of Vaasa, Fabriikki F455A, Yliopistonranta 10,
65200 Vaasa, Finland
2Networked Value Systems, Department of Production, University of Vaasa, P.O. Box 700, FI-65100
Vaasa, Finland.
*Corresponding author email address: bening.mayanti@uwasa.fi
Abstract. Life cycle assessment (LCA) is commonly used to quantify environmental impact or compare
the scenario of waste management options. LCA potential has not been explored much in combination
with an optimization problem. This study integrates environmental objective with thermal and
economic objectives in the optimization problem of a waste-to-energy (WtE) plant by utilizing LCA. An
illustrative case, a steam cycle of incinerator with electricity recovery, was optimized using a nondominated sorting genetic algorithm (NGSA-II). True-Pareto optimal solutions showed improvement
range of 6%-19% in efficiency, 0.001%-30% in profitability and 5%-18% in environmental benefits.
Keywords: Multi-objective optimization, life cycle assessment, waste-to-energy, waste management,
energy recovery.

639: Key parameters in life cycle assessment of recycling spent Lithium ion batteries
from Electric Vehicles
Mohammad Ali Rajaeifar1*, Oliver Heidrich1, Pezhman Ghadimi2
1 School of Engineering, Newcastle University, Newcastle Upon Tyne, NE1 7RU, United Kingdom
2 School of Mechanical and Materials Engineering, University College Dublin, Belfield, Dublin 4, Ireland
*Corresponding author at Newcastle University: Mohammad.rajaeifar@newcastle.ac.uk
The electric vehicle boom is entering its second decade, with an ever increasing interests in electro
mobility. Essential to the boom are Lithium ion batteries that are the beating heart of electro mobility
and the first generation of LiBs are about to enter the waste market. Therefore, sustainable recycling
processes are in the centre of research and development and finding environmentally friendly,
economically viable and socially acceptable processes is now a hot topic. This paper investigates and
reports the recycling of lithium ion batteries and its environmental impacts by considering Life Cycle
Assessment (LCA) studies. It presents key impacts, identifies study gaps in the literature, and
demonstrates the parameters that affect the results reported. Finally it provides recommendations for
future LCA research in the field. In total 178 peer reviewed papers and reports were considered for an
initial review and 31 papers were found to cover recycling stage in their LCA study. Among these, 18
present detailed life cycle inventories (LCIs) for the recycling stage. There are main four processes
covered by the literature as pyrometallurgical, hydrometallurgical, intermediate and direct physical
recycling. Most of the studies focus on the two first processes or a combination of them mostly as a
representative of Umicore process in Belgium. The analysis of LCI data showed that most studies relied

143

on only two main sources, i.e. GREET or Ecoinvent database. Others considered secondary sources i.e.
literature studies or lab scale data.
The more in depth analysis showed that all the LCI data used by the studies are theoretical estimates,
engineering calculations, lab-scale operations and data from literature, which may be affected by a
larger margin of uncertainty. Indeed the research field clearly lacks primary data. The results also
showed that the main LCA studies on recycling of LiBs vary significantly in their goal and scope, battery
chemistry considered, End Of Life modelling (EOL) approach (open loop Vs. Closed loop and Cut-off Vs.
crediting as avoided burden), different decision contexts and life cycle impact assessment (LCIA)
methods employed.
We found that the lack of primary data on discharging and disassembly, also for the different recycling
processes as well as dismissing transportation stage are the main weaknesses with the LCA studies. The
average results of the reviewed studies implies more energy consumption (Cumulative energy demand)
and GHG emissions by pyrometallurgical process, followed by hydrometallurgical, intermediate and
direct physical recycling. However, these results came from different level of LCI data quality, and
different chemistries with diverse EOL modelling approaches. Future studies should consider different
EOL modelling approaches, employ scaled up or commercial LCI data, and to put the decreasing impact
of substituting avoided products in the near future in their uncertainty analysis. This is mainly due to
the decarbonisation of the energy provision that can be expected in battery production as well as
driving force of removing critical raw materials such as cobalt from the production chain of future
battery technologies. Based on our findings it also becomes evident that future studies do need to
consider the transportation of spent batteries i.e. collection and transportation to and from the
recycling facilities considering geographical data instead of considering the current available facilities
in a specific location. Also, battery pack discharging and dismantling should be modelled in a more
detailed way by considering more novel approaches such as the robotic disassembly.

164: Major Discussions on the Life Cycle Cost of Electricity Generation Systems
1 Mariane Bigarelli Ferreira, 2 Guilherme Mateus Kremer, 3 Bruno Silva Ribeiro, 4 Murillo Vetroni
Barros, 5 Rodrigo Salvador, 6 Antonio Carlos de Francisco, 7 Cassiano Moro Piekarski
1 Sustainable Production Systems Laboratory (LESP), Universidade Tecnológica Federal
(UTFPR), Brazil; E-mail: marianebigarellif@gmail.com, ORCID: 0000-0001-8242-8024
2 Sustainable Production Systems Laboratory (LESP), Universidade Tecnológica Federal
(UTFPR), Brazil; E-mail: gkremer@alunos.utfpr.edu.br
3 Sustainable Production Systems Laboratory (LESP), Universidade Tecnológica Federal
(UTFPR), Brazil; E-mail: brunosilvaribeiro321@gmail.com
4 Sustainable Production Systems Laboratory (LESP), Universidade Tecnológica Federal
(UTFPR), Brazil; E-mail: murillo.vetroni@gmail.com, ORCID: 0000-0002-1711-6056
5 Sustainable Production Systems Laboratory (LESP), Universidade Tecnológica Federal
(UTFPR), Brazil; E-mail: salvador.rodrigors@gmail.com, ORCID: 0000-0003-3398-7684
6 Sustainable Production Systems Laboratory (LESP), Universidade Tecnológica Federal
(UTFPR), Brazil; E-mail: acfrancisco@utfpr.edu.br, ORCID: 0000-0003-0401-4445
7 Sustainable Production Systems Laboratory (LESP), Universidade Tecnológica Federal
(UTFPR), Brazil; E-mail: piekarski@utfpr.edu.br, ORCID: 0000-0002-5085-101X
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* Correspondence: murillo.vetroni@gmail.com; Tel.: +55 42-32357055

The aim of this paper was to discuss the use of Life Cycle Cost (LCC) in the assessment of electricity
generation systems. To that end, it was conducted a systematic literature review. EndNote and
Microsoft Excel spreadsheets were used to manage references, while VOSviewer and Microsoft Power
BI software tools were used to create visual maps. Europe seems to stand out regarding the number of
studies, while there is a lack of LCC studies in America and Asia. Concerns seem to have switched from
being only about the source for producing electricity to how to diversify the energy system including
renewable energy in the energy mix. Overall, there seems to be a shortage of recent studies regarding
the LCC of electricity generation systems, which requires further contributions to enable better
decision-making. This study also contributes to SDG 7 (Ensure access affordable, reliable, sustainable
and modern energy for all).
Keywords: Electricity Generation. Electricity Mix. Electricity Matrix. Electricity Grid. Life Cycle Cost. LCC.

371: Comparing alternative approaches for allocating emissions to promote the
benefits of industrial symbiosis
Lukas T. Gast*, André Cabrera Serrenho, Julian M. Allwood,
Department of Engineering, University of Cambridge, Trumpington Street, Cambridge CB2 1PZ, UK

Increasing global production of bulk materials leads to increases in industrial greenhouse gas (GHG)
emissions. More than 45% of these were caused in the production of the four bulk materials: steel,
cement, aluminium and paper. The OECD (2019) anticipates that material demand is expected to
double by 2060. This offsets any reduction in carbon dioxide emissions from efficiency improvements.
However, industrial processes result in the production of several by-products and if some by-products
can be used to replace raw materials in other industries, energy and emissions could be saved. There
are already some examples of this so-called “industrial symbiosis”, e.g. blast furnace slag from steel
production is used in cement production as a clinker substitute. However, these benefits are not fully
captured by the current frameworks for emissions allocation: the framework by UNFCCC allocates
emissions to the main product (e.g. liquid steel) and does not consider its by-products. Current
literature recognises this problem and highlights a need for a more holistic GHG emission accounting
framework in which GHG emissions are also allocated to the by-products. If this allocation is based on
transparent criteria, it could lead to a burden-sharing of the overall emissions of a production process
and potentially incentivise implementing measures for mitigating process emissions.
The goal of this analysis is to identify an allocation method that incentivises the minimisation of the
GHG emissions from the industrial production processes. This work therefore proposes a novel
framework to assess and allocate GHG emissions from the production processes for steel, cement, and
their by-products. This is accomplished by comparing two production systems, a disintegrated and an
integrated production system and their energy and material balances. So far, three established metrics
are used to allocate the emissions: a mass-based, an exergy-based and a value-based approach.
However, little is known about their relative performance and potential contribution to incentivising
GHG emission mitigation. Based on process-level data of steel and cement production, a bottom-up
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model of an industrial production system is created to enable the quantification of the impacts of
integrated isolated industrial processes. The results are expected to quantify the potential benefits of
an integrated system, based on energy requirements and emissions. Within the integrated production
system, the quantity of emissions allocated to the by-products varies significantly between the three
allocation methods. The proposed GHG emission allocation framework sheds light on the utilisation of
industrial by-products and advantages of integrated production systems. The analysis will indicate
which indicators could be used to allocate emission credits and highlight which indicators might be
appropriate to overcome current barriers to industrial GHG mitigation through process redesign and
the more effective utilisation of by-products.
References
OECD, 2019. Global Material Resources Outlook to 2060: Economic Drivers and Environmental
Consequences. OECD. https://doi.org/10.1787/9789264307452-en

141: Non-linearity in Human Health Characterization for Chemicals in Life Cycle
Impact Assessment
Authors: Dingsheng Li†, Mengya Tao‡, Jessica Vieira‡, §, Sangwon Suh‡*
† School of Community Health Sciences, University of Nevada, Reno, Nevada 89557, United States
‡ Bren School of Environmental Science & Management, University of California, Santa Barbara,
California 93106, United States
§ Current address at Apeel Sciences, Goleta, California, 93117, United States.
*Corresponding author email address: suh@bren.ucsb.edu
Non-linearity relationships are abundant in environmental mechanisms and certain aspects have been
addressed in various impact categories characterization, including acidification, eutrophication, land
use, water use, ecotoxicity, and particulate matters. However, using conventional characterization
models poses challenges for accounting the effects of non-linearity for human health characterization
for chemicals. Most characterization methodologies currently use USEtox as their impact assessment
framework, which assumes constant emission rates of the chemical to estimate the steady state
environmental concentrations for an infinite time horizon in the environment and employs a linear
exposure-response relationship to estimate the human health impact. These fundamental assumptions
impair the capability of the model to account for aspects of non-linearity such as the emission profile,
time horizon, temporal variations in climate conditions, and exposure-response relationship, most of
which are considered in other impact categories when relevant.
To explore the potential effects of non-linearity in human health characterization for chemicals, we
propose a new framework under two guiding principles: (1) fully embrace non-steady-state, dynamic
modeling for fate and transport of chemicals in the environment that can account for the non-linearity
of emission profiles and temporal variations; and (2) adopt the threshold assumption for non-cancer
human toxicity effects and characterize the impact by comparing dynamic exposure levels with nonlinear exposure-response curve over time. A hypothetical case study was used to examine under which
circumstance conventional modeling framework may under or overestimate the human health impacts
from chemicals after considering non-linearity. The fate and transport, human exposure, and health
impacts of six chemicals of diverse toxicity and physical-chemical properties were simulated with
constant, work-day only, and pulse emissions from 10 ton/year to 100 kiloton/year over a ten-year
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period in an environment modeled for the Central Valley, California, United States. USEtox 2.1 was used
to represent conventional methods.
The primary findings from this work are several folds. First, using a temporarily dynamic fate and
transport model, we achieved estimates of environmental concentrations and human exposure
equivalent to USEtox 2.1 under the constant emission scenario, which confirmed the theoretical
correctness of our model. Second, our proposed framework can capture the much larger temporal
variations when emission is non-constant, which would have practical implications when the product
or system being evaluated do not have constant emissions, such as seasonal pesticide applications and
accidental releases (spills, explosions, etc.). Third, the consideration of non-linear exposure-response
relationship in the proposed approach changes the human health characterization results dramatically
compared to USEtox 2.1: on the one hand, the absence of considering effect thresholds and the
conventional practice of using a slope factor for the exposure-response curve run the risk of
overestimating the human health impacts from constant ambient emissions; on the other hand, the
impact from pulse emissions could be underestimated when they are modeled as constant emissions
in USEtox 2.1 as exposure could exceed effect threshold and materialize in damages in contrary to
constant emissions. Additional research is needed to fully account the non-linearity of human health
characterization for chemicals such as regional emission data, background exposure levels, time
horizon, imperfect mix in environmental compartments, etc.
Keywords: Non-linearity, human health, life cycle impact assessment, chemicals

Day 4 Session 7: Green/Sustainable Supply Chain 2
424 Assessing Supply Risks within Life Cycle Sustainability Assessment - Coverage of
Indicators by LCA Databases
Marcus Berr, Roland Hischier, Patrick Wäger
Empa, Swiss Federal Laboratories for Materials Science and Technology, St. Gallen, Switzerland
When looking at global supply chains, supply disruptions may occur along entire product life cycles.
Such supply disruption potentials are evaluated in criticality assessment approaches by applying supply
risk indicators. Literature reveals a variety of such indicators and related calculation procedures, but
mostly only risks occurring at early supply stages are addressed. Overall, limitations in availability and
acquisition of indicator-specific data as well as methodological constraints restrict today assessments
along entire supply chains.
The project "Open Assessment of Swiss Economy and Society" (OASES), funded by the Swiss National
Research Program 73, heads for a complete sustainability assessment of current Swiss production and
consumption based on the Life Cycle Assessment (LCA) methodology. One issue within such a
sustainability assessment is how to comprehensively quantify supply risks occurring along global supply
chains for Switzerland. So far, supply risks are assessed separately with various criticality assessment
approaches, while environmental, economic and social impacts along supply chains can already be
evaluated together in the Life Cycle Sustainability Assessment (LCSA) frame. Hence, a meaningful
integration of pertinent supply risk indicators into this LCSA frame would allow for a more
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comprehensive assessment of a supply chain. However, for such an integration, we need to consider
data availability and compatibility of supply risk indicators with life cycle inventory (LCI) and life cycle
impact assessment (LCIA) information.
By carrying out the following steps, we can identify and prioritize supply risk indicators that are suitable
for assessing supply risks along supply chains within LCSA: (i) literature review of criticality assessment
approaches, with a particular focus on identifying existing supply risk indicators and respective basic
indicators suitable for an assessment along the supply chain; (ii) evaluation of the coverage of those
identified basic indicators by commonly applied LCA databases and the identification of eventual,
additional data acquisition needs and sources; (iii) examination of current LCIA methods for the
assessment of resource depletion in view of such a supply risk assessment. The on-hand abstract is
focusing mainly on the second of these steps – considering the three LCA databases ecoinvent,
EXIOBASE and the Social Hotspot Database (SHDB).
The first two examined databases, i.e. ecoinvent and EXIOBASE provide environmental information
from cradle to gate, including data about global flow volumes, technologies and geographies. SHDB
provides information about governance and environmental/social conditions. For diverse reasons, all
these databases contain more detailed datasets for some product supply chains than for others. Table
1 shows a first result of the evaluation of the coverage of these basic indicators for the examples of
aluminium and cobalt.
The largely insufficient coverage of basic indicators in these databases is caused by lacking or
aggregated product- and regional-specific data and/or missing data quality evaluations. The databases
neither include company-level data, reserve stocks, future demands, sufficient price information nor
qualitative indices regarding e.g. substitutability or trade restrictions. Such unavailable and/or
uncertain data is preferentially acquired (and integrated) from data sources used in criticality
assessment as well as from material-specific databases and publications.
Based on our results for the basic indicators, we can describe how well the major supply risk indicators
are covered by these LCA databases as well as additional data sources. On this basis, we classify the
supply risk indicators into three prioritization categories, which indicate either poor, medium or good
coverage.
In a further step, suitable LCIA elements (impact categories, category indicators and characterization
models) to perform a supply risk assessment within LCSA have to be defined. Therefore, we will
investigate current LCIA resource depletion and supply risk assessment approaches with the objective
of making recommendations for constructing pertinent characterization factors and formulating a
meaningful Area of Protection.
Table 1: Evaluation of the coverage of basic supply risk indicators by ecoinvent, EXIOBASE and SHDB
when assessing supply risks along the supply chain
Coverage
Basic supply risk indicators
ecoinvent
EXIOBASE
SHDB
Al
Co
Al
Co
Al
Co
Supplying locations
√X√√
√XX√
√00√
√0X√ √0X√ √0X√
Supply amounts
√X√0
√X00
√00√
√0X√ XXXX XXXX
Political stability index
XXXX
XXXX
XXXX
XXXX 00X√ 00X√
Index for social/environmental motivated XXXX
XXXX
XXXX
XXXX √0X√ √0X√
policy-making
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Reserve amounts
XXXX
XXXX
XXXX
XXXX XXXX XXXX
Co-produced mining amounts
√√√√
√√√√
XXXX
XXXX XXXX XXXX
Mining amounts
√√√√
√√√√
√0√√
√0X√ XXXX XXXX
Demand amounts
√√√√
√√X√
√00√
√0X√ XXXX XXXX
Company supply amounts
XXXX
XXXX
XXXX
XXXX XXXX XXXX
Supplying companies
XXXX
XXXX
XXXX
XXXX XXXX XXXX
Past demand amounts
XXXX
XXXX
000√
00X√ XXXX XXXX
Future demand amounts
XXXX
XXXX
XXXX
XXXX XXXX XXXX
Index for financial investment capability
XXXX
XXXX
XXXX
XXXX XXXX XXXX
Competing countries regarding investments
XXXX
XXXX
XXXX
XXXX XXXX XXXX
Current commodity prices
√X√X
√XXX
XXXX
XXXX XXXX XXXX
Past commodity prices
XXXX
XXXX
XXXX
XXXX XXXX XXXX
Secondary supply amounts
√X√√
√XXX
√0√√
√0X√ XXXX XXXX
Waste amounts
√X√√
√XXX
√0√√
√0X√ XXXX XXXX
Index regarding availability/performance of XXXX
XXXX
XXXX
XXXX XXXX XXXX
substitutes
Index regarding national-specific trade XXXX
XXXX
XXXX
XXXX 00X√ 00X√
facilitation
Import amounts
XXXX
XXXX
√00√
√0X√ XXXX XXXX
Export amounts
XXXX
XXXX
√00√
√0X√ XXXX XXXX
Domestic production amounts
XXXX
XXXX
√00√
√0X√ XXXX XXXX
The following four questions are addressed in each column of the table and answered with one of
the three symbols described below.
Is the type of data Is
geographical Are datasets provided Is
updated
data
provided?
information sufficiently for
the
specific available and is the
provided?
material
and
are data of high quality
required technology available?
stages addressed along
the supply chain?
√: yes, 0: partially, X: no

435: Supply Chain Sustainability Risk Management - Bases to Proposition of a Model
for Evaluation
1André Luiz Romano 2 Luis Miguel D. F. Ferreira 3Sandra Sofia Ferreira da Silva Caeiro
1 Universidade Aberta - UAB - Lisboa, Portugal
2 Centre for Mechanical Engineering, Material and Processes, University of Coimbra, Coimbra,
Portugal
3 Center for Environmental and Sustainability Research da NOVA University of Lisbon, Portugal
Abstract. This article presents a systematic literature review results, intending to identify sustainability
risks in supply chains and how these risks are interpreted in the current context. Corporate Social
Responsibility practices lack can expose companies, generating risks with potential market losses. This
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research has identified conceptual frameworks, indicators and assessment tools, considering the
traditional dimensions of sustainability and marginal hidden issues of the risk management process.
Based on these readings and notes, the first ideas on the risks have been elaborated, which are
expected to assist in the creation of a supply chain assessment model of how Supply Chain Sustainability
Risk can be quantified and more flexible, depending on the contexts. This study allowed the researcher
to identify the bases to apply the research across sectors or companies, and to ascertain which risks
are most common in these different contexts.

Keywords: Supply Chain; Sustainable Supply Chains; Supply Chain Sustainability Risk Management

728: Economic analysis of setting up a battery dismantling centre in Spain
H. Rallo (1), C. Garcia (1), S. Rexach (2), B. Amante (1)
(1) Universitat Politècnica de Catalunya - Barcelona TECH Carrer Colom, 11 – 08222 – Terrassa (Spain)
hector.rallo@upc.edu
(2) SEAT S.A.Autovía A2-km 585 – 08760 – Martorell (Spain)
Keywords:
Electric Vehicle, Battery 2nd life, Recycling, Economic analysis, Environmental assessment
Extended Abstract:
The growth in Electric Vehicle sales has led to Lithium-Ion batteries becoming an element indispensable
within the automotive sector. The overall emissions of an EV are between 20% and 40% lower than
those of Internal Combustion Engine Vehicles, with the current energy mix [1]. The benefits could not
be better for the environment, but to ensure its true successful revolution, it is necessary to establish
more efficient processes throughout the life of the electric vehicle, paying special attention to the
Lithium-Ion battery.
Therefore, it is necessary to establish more efficient processes throughout the complete life cycle of
the electric vehicle and its components, playing the Lithium-Ion battery a crucial role. Reusing batteries
in energy storage applications or ensuring high recycling rates would improve the sustainability of
batteries by reducing their environmental impact, while opening up new business opportunities.
Due to the toxicity and flammability of these batteries, they should be manipulated, disassembled
and/or recycled at dedicated facilities. Therefore, transportation entails major challenges, as they are
not only heavy and big parts, but are also classified as hazardous waste which makes transport
expensive and highly regulated [2]. In consequence, the aim of this study is to evaluate the economic
feasibility of setting up a lithium-ion high voltage battery manipulating facility in Spain.
As most of the battery treatment and recycling centres are located in the centre of Europe [3], the
feasibility will be done through comparison between the scenario of keeping sending used batteries
from Spain to an established plant in Germany and setting up a new plant in Spain.
The plant in Spain will be in a greenfield, in which all investments are to be considered. The activities
that the plant will embrace are disassembly, 2nd life preparation and recycling. Other processes to be
assessed as well are collection and transport. The most optimal solution will not only be based in
economic factors, but also environmental and social factors will be accounted.
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The scenario of sending all batteries generated in Spain to Germany needs no investment at all, but the
costs of colleting the batteries and sending them to Germany by ADR implies a big lever. Meanwhile,
when looking into the scenario of building from zero a facility in Spain for such activities, investments
are to be considered. When it comes to running costs, both logistics as well the manpower are
reasonably lower than for Germany. The income is not differing one scenario to the other.
This study assesses whether generated batteries coming from Spanish carpark are more economically
viable to be handled and prepared for a 2nd life usage or recycling in an existing plant in Germany or
to set up a new one in Spain combining the knowledge of logistics and aftermarket business around EV
batteries.
In the analysed scenarios, the costs of batteries transportation from Spain to Germany are on average
200% higher compared to the cost of keeping these batteries in Spain. Moreover, the investment
needed for setting up a new factory in Spain only accounts for 15% of total costs. This determines how
logistics costs play a more important role when an economical viability of building a new factory in
Spain comes into question.
It is important to highlight that the economic revenues obtained are extremely big, the fact that the
total EV sales in Spain have been considered during the whole period 2020 - 2030. This shows, that
probably more than one battery treatment factory would be needed in Spain in the coming years. In
addition to all the economic advantages described, the decentralisation of such activities leads to
significant CO2 emissions savings.
References
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Extended Abstract

The circular economy (CE) concept has gained wide attention in practice as well as in academia in recent
years. This paper reviews the state-of-the-art practices and research in ‘circular supply chain
management’ (CSCM), i.e., the integration of CE thinking into supply chain management (SCM) with the
goal of achieving ‘zero wastes’. The review covers 68 real-life CE implementation cases collected by the
Ellen MacArthur Foundation, and 120 publications in well-established, high-ranking academic journals
in operations and supply chain management. Figure 1 outlines our comparative review procedures.

Figure 1. Comparative review procedures
The comparative review shows that CSCM encompasses multiple dimensions including closed-loop
SCM, reverse SCM, remanufacturing SCM, recycling SCM, and industrial symbiosis. A multi-dimensional
CSCM (MD-CSCM) framework is developed to synthesize their interrelationships and to categorize
academic publications into multiple research themes. Our comparisons of the reviewed research and
real-life practices reveal some noticeable research-practice gaps.

Research-practice gap #1: An overwhelming majority (85%) of research studies published in
the sampled journals are mathematical modeling works. Empirical and conceptual/theoretical works
are seriously underrepresented. Furthermore, most modeling studies have no reference to specific
industry/product contexts or real-life applications. There is an obvious disconnect between academic
research and practice.
Research-practice gap #2: The closed-loop dimension of CSCM has been recognized and
studied by academic researchers. The importance of industrial symbiosis in a CE has been
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acknowledged (Bansal & Mcknight, 2009), and the efficacy of using the open-loop circularity archetype
has been reported in many real-life cases. However, very limited research has been conducted with
regard to the industrial symbiosis and its associated open-loop circularity archetype, which cover a
much wider scope and have greater potential for improving circularity.
Research-practice gap #3: The review of practices shows the CE concept has been
implemented in a very wide range of industry sectors. However, academic research has covered
comparatively fewer industry sectors and are mainly focused on manufacturing, water supply;
sewerage, waste management and remediation activities, and wholesale and retail trade; repair of
motor vehicles and motorcycles. There is minimal research on the primary industry sectors and some
service sectors (such as renting and leasing, and financial and insurance services).
Research-practice gap #4: Most studies have concentrated on specific product sectors such
as electronics/electrical, automotive and aviation, chemicals and biofuels, and personal, business and
industrial equipment. There is a negligence of other product sectors which are making great efforts
toward a CE as shown in our case sample, including agri-food, textile and fashion, and wood and
furniture.
Research-practice gap #5: Academic research has mainly addressed the primary concerns
about environmental and economic performance in a CE but it has not dealt extensively with the
implications of CE for social sustainability and supply chain resilience.
Based on the identified research-practice gaps and pressing research needs, this study discusses
important directions for future studies to advance supply chain circularity.

Keywords: Circular economy; Circular supply chain management; Closed-loop supply chain
management; Remanufacturing supply chain management; Sustainable supply chain management;
Green supply chain management
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Extended abstract
The relationship between environment and industrial development is a crucial element for
business performance. In order for a company to improve both its economic and environmental
performance, organizational actions should be considered and implemented throughout the supply
chain. The green supply chain management (GSCM) is a tool and philosophy that helps manufacturing
companies achieve greater market share and corporate profit through the reduction of environmental
risks, while improving ecological efficiency. There is a relationship between companies’ GSCM strategy
and technological innovation. A better understanding of green supply chain (GSC) performance could
help companies to innovate more and to adopt innovative technologies. The adoption of technologies
such as additive manufacturing (AM) brings new challenges in terms of business sustainability. AM
technologies are innovative solutions in the manufacturing field and may increase a company’s
competitiveness. Consequently, there is a need for an interdisciplinary approach to integrate
knowledge and methods from AM technology development, materials science, supply chain
management and sustainability.
Although AM production can improve levels of performance, there is a research gap on the
impact of AM adoption on the GSC performance. We aim to bridge this gap examining the impact of
AM technologies on GSC performance. For this, a case study was used to collect data related to the
implementation of wire and arc additive manufacturing (WAAM) by a metallurgical company whose
focus is on repairing parts.
The case study showed that WAAM can be used for refurbishment of obsolete equipment and
to extend the product’s life span, not only because of technical improvements made possible by the
technique, but also by providing access to parts for repair, instead of manufacturing new parts. These
two aspects can produce significant cost savings for a company by avoiding, for example, the need to
store a large number of spare parts. The case study highlighted the capabilities relating to cost
reduction, improved material usage, reduction and/or simplification of manufacturing steps and
elimination of pre-assembly activities as key capabilities of adopting WAAM technology. The case study
also provided evidence that most of the capabilities that are acquired with the adoption of WAAM have
a positive relationship with the different GSC performance dimensions. These capabilities include
freedom of design, ability to optimize products for their function and to integrate more functionality
into an object, customized production, faster reaction to changing customer needs and higher
customer service level.
Despite having positive relationships with some of the GSC performance dimensions, WAAM
may also negatively impair others, mostly with the dimensions relating to cost and reverse logistics.
Due to its particular ability to produce and repair large metal parts on-site, WAAM technology is
expected to be a source of new challenges for companies’ GSCM strategies.
Keywords: Green supply chain management; additive manufacturing; supply chain; wire arc additive
manufacturing
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355: Pre-processing of Waste Printed Circuit Boards to render metals accessible for
recovery using hydrometallurgical processes
Patrick Prestele, Thandazile Moyo, Jochen Petersen
Hydrometallurgy Research Group and Minerals to Metals Initiative, Univeristy of Cape Town,
Rondebosch, Cape Town, 7700, South Africa, thandazile.moyo@uct.ac.za
Printed circuit boards (PCB’s) are a valuable fraction of e-waste, made up of tightly laminated metalpolymer composites containing several base and precious metals which makes them attractive to
recyclers. The material content of PCBs presents considerable environmental and health problems
while also presenting socio-economic opportunities to most nations, especially to developing countries
such as South Africa. A unique challenge to most developing countries is that they do not have sufficient
volumes to adopt business models used in developed countries to harness the economic opportunities
presented by the growth of PCB containing waste streams. This is because developing countries suffer
inadequate infrastructure, legislation, capital investment and suitable technology, necessary for the
processing of PCBs to recover metals.
Hydrometallurgy is a widely explored technology that allows for scalable operations for recovering
metals from PCBs. However, for it to be effectively employed, the metals in PCBs need to be liberated
or be accessible to leach agents. To date, this still heavily relies on energy intensive pulverisation prior
to the leaching and subsequent metal recovery stages. This paper explores the structure of the PCB,
developing an understanding of how the structural design of the board translates to the difficulty in
liberating or exposing the metals for leaching. The paper goes further to test and compare metal
liberation techniques as well as compares energy consumption associated with the techniques; with
the view to identify a low energy and low capital investment method that would be suitable for
adoption by small scale recyclers typical of those operating In South Africa.
The structural design of the PCBs was explored through an intensive literature. The metal liberation
methods tested included the use of an industrial grab shredder to size reduce and delaminate the PCBs,
use of a planetary ball mill and some instances including precursors such as freezing the PCBs in liquid
nitrogen or soaking the boards in NaOH to remove the upper- and lowermost epoxy layers. The
effectiveness of each method was then evaluated using a diagnostic ammoniacal leach test in which
the extent of copper dissolution from the PCB is used as an indicator of the performance of the
liberation method.
In general Cu recoveries for all the treatment methods were poor, only reaching up to 27.49% Cu for
PCBs that had been soaked in NaOH and undergone six passes through the industrial grab shredder.
Using a similar process but only shredding the PCBs in four passes showed comparable results at 26.14%
Cu recovery while saving 0.12 kWh energy. Shredding the PCBs in four passes and subsequently milling
them for 60 min (without NaOH treatment) and consuming 0.34 kWh energy showed lower Cu
recoveries at 13.29% and this was not improved by extending the milling time to 120 min. Figure 4
shows the PCB at different stages of treatment. Figure 4(a) shows the complete PCB used in the tests
with one half of the board treated by soaking in NaOH and hence the removed outer epoxy layer
exposing the Cu. Figure 1(b) shows the PCB after shredding in 3 passes and it can be seen that apart
from size reduction there is delamination of some of the shredded pieces. However, Figures 1(c) and
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1(d) show that this delamination is not always complete and Cu metal can still be seen covered by fibre
glass and hence inaccessible to leach agents. It is concluded that the combination of the shredding and
NaOH method has potential and it is recommended to incorporate a 2nd NaOH stage to further
delaminate the inner layers of the PCB. The effective use of NaOH has already been demonstrated on
the outer layers thus it is anticipated that it will be successful in this instance as well.

(c)
(a)

(b
)

(d
)

Figure 3. Figure 4. Figure 1: (a) – Standard and Pre-treated PCB; (b) – 3rd shredding cycle PCB particle;
(c) – Delaminated PCB particle; (d) – Leached delaminated PCB

Day 4 Session 8: Waste treatment and disposal
516: Best response dynamics in waste-to-energy plants’ price setting problem
1Ivan Eryganov, 2Radovan Šomplák, 1Jaroslav Hrdina, 2Vlastimír Nevrlý
1Institute of Mathematics, Faculty of Mechanical Engineering, Brno University of Technology
2Institute of Process Engineering, Faculty of Mechanical Engineering, Brno University of Technology
Corresponding author: Ivan Eryganov, e-mail: xperyga00@vutbr.cz
Abstract. This paper deals with the task of waste energy recovery and effective price setting of wasteto-energy plants. Its main contribution is the invention of a new approach to pricing of waste disposal
in a particular waste management network. This novel method, which is based on a problem of finding
the Nash equilibrium, takes into account the amounts of waste production of cities, capacities of wasteto-energy plants and their locations. The best response dynamics algorithm enables the computation
of Nash equilibrium for a game of waste-to-energy plants in a normal form with numerous players and
multiple strategies in comparison with other standard algorithms. The algorithm is able to find the Nash
equilibrium for a sufficiently big step size between possible gate fees. The results of this work are
applicable in the forecasting of prices of waste-to-energy plants’ services for real waste management
networks.
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664: The influence of perceived behavioral control in determining Millennials’ proenvironmental intent and disposal of activewear
1Margaret Alobo Olwoch, 2Nadine Sonnenberg, 2Bertha Jacobs, 2Hanri Taljaard-Swart*
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2University of Pretoria, South Africa
Email: hanri.taljaard@up.ac.za
Abstract:
Human behavior is resulting in excessive waste, not only in the clothing and textiles industry where
solid waste is generated throughout the manufacturing process but also in the post-purchase clothing
consumption stages. The disposal of textiles and clothing contribute significantly to the waste issue,
contributing to overflowing landfill sites. It is therefore critical that consumers find more sustainable
ways to reduce their clothing and textile waste. Eco-friendly disposal methods such as donating,
reselling and recycling could prevent excessive amounts of waste from reaching landfills, and
subsequently result in positive environmental consequences. However, underlying factors might hinder
consumers from disposing their clothing in an eco-friendly manner. The purpose of this study was to
introduce empirical evidence that could explain some of the underlying factors that influence
Millennials’ pro-environmental intent and their eco-friendly disposal of activewear. Activewear is
currently a prominent apparel category in the clothing and textile industry. Ajzen’s Theory of Planned
Behavior (TPB) was used to structure the study’s theoretical basis, with emphasis directed toward
perceived behavioral control as a key concept. Perceived behavioral control was further extended and
conceptualized into two sub-dimensions, namely perceived self-efficacy and controllability. Selfefficacy is consumers’ confidence in their capabilities to perform a certain behavior (i.e., donate, resell
or recycle) to achieve desired outcomes, whereas controllability includes consumers’ beliefs that they
have control over their behavior, and that the actual performance or non-performance of such behavior
is ultimately up to them (Ajzen, 2002).
Data were collected from a sample of 299 consumers, aged between 18 and 35 years. Millennials were
specifically chosen because they tend to adopt pro-environmental behaviors such as eco-friendly
clothing disposal (Valentine & Powers, 2013). A quantitative, cross-sectional survey design was used to
address the study’s exploratory research purposes. Respondents were reached through a nonprobability, purposive sampling method to recruit individuals who participated in at least one physical
activity and by implication had some experience relating to the acquisition and disposal of activewear.
Respondents residing in various South African regions completed an online questionnaire that was
developed according to the key constructs and study objectives. The resulting data was captured, coded
and thereafter analyzed in both a descriptive and inferential manner. The results indicate that
Millennials are confident in their ability to donate their unwanted activewear. However, situational
factors including cost, time and convenience, inhibited their ability to resell their unwanted activewear.
In terms of intent, Millennials were more willing to donate their activewear than to resell or recycle it,
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which may have been a result of the high levels of self-efficacy and the belief that situational factors do
not inhibit donation to the same degree as recycling and reselling efforts. Ultimately, Millennials may
prefer to donate their unwanted activewear, because apart from pro-environmental consequences, it
may also include underlying altruistic benefits. In the multiple regression analysis, self-efficacy was the
strongest predictor of donation. Thus, self-efficacy could therefore not only be a predictor of intent
(Ajzen, 2002) but also of actual behavior. Further research is needed in this regard, and similar studies
could be conducted to explore the relevance of self-efficacy in other types of environmentally
responsible consumer behavior. It seems that highlighting the ease of donating to others and the
subsequent environmental benefits of doing so may significantly advance efforts to reduce textile
waste in the local context, but much can still be done to address situational factors that inhibit efforts
to recycle and resell unwanted activewear.
Keywords: clothing disposal, pro-environmental behavior, Theory of Planned Behavior, perceived
behavioral control, South African consumers
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689: Municipal solid waste management pathways to achieve economic and climate
benefits
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Introduction. Moving to a more circular economy calls for structural changes in the municipal solid
waste (MSW) management system. For instance, many questions raise about the future viability of
incineration under the context of an increased recycling of combustible materials, primarily plastic and
paper. Another paramount question is related to the best strategies to divert biodegradable waste from
landfills. Overall, decision-makers need reliable information about selecting MSW management
pathways in order to meet policy targets at a sustainable cost while providing the best overall
environmental outcome. Techno-economic analysis and life cycle assessment (LCA) are often used in
the assessment of MSW management. These approaches, however, lack a long-term perspective and
can lead to sub-optimal solutions since addressing all the possible pathways to find the best one is
practically infeasible. Within this context, we present an optimization framework to aid long-term
planning of MSW management systems according to economic and environmental objectives.
Materials & methods. The optimization framework facilitates the identification of optimal MSW
management pathways under a long-term perspective. To do this, we mathematically modelled a
network that incorporates a plethora of MSW generation sources (e.g. households and business), waste
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streams (e.g. residual and organic waste), processing facilities (e.g., material recovery facilities (MRFs),
anaerobic digestion (AD), and incineration), intermediates (e.g. refused derived fuel and rejects),
residues (e.g. digestate and ash), products (e.g. recyclable materials and electricity), emissions (e.g.
greenhouse gases), and all their interconnections. The optimization determines whether the operation
of existing facilities is appropriate and the investment on new facilities, including the number and
capacity of these facilities. The framework incorporates a multi-period decision horizon, thus allowing
flexible investment strategies (optimal timing of investments) and the consideration of the dynamics of
the technic, economic, and environmental parameters. A main novelty of this work is the incorporation
of prospective LCA indicators. Time-dependent direct emissions are endogenously calculated by the
model based on facility-specific mass balances. The impacts related to the background system, such as
the energy system, raw materials, and recycling industry, are retrieved from the Ecoinvent database
v3.7.1, which has been systematically updated to consider future technology changes.
Results & discussion. The capabilities of the optimization framework are here demonstrated through
the case study of Madrid, Spain. The goal is to identify the MSW management pathways that achieve
the minimum total annualized cost (TAC) and life cycle climate change impact (LCCCI) for the time
horizon 2020-2040. The main assumptions are (i) a notable increase in the separate collection rates
(e.g. up to 85% for packaging waste by 2040) and (ii) a maximum landfill rate of 10% by 2035. The
minimum TAC pathway results in a net economic benefit of 15 EUR/ton over the decision horizon, but
at the expense of generating 247 kg CO2 eq/ton. This pathway relies on the investment on large-scale
incineration and medium-scale AD facilities along with an intensive use of landfill (Figure 1). Contrary,
the minimum LCCCI pathway results in a net climate benefit, avoiding around 55 kg CO2 eq/ton, but at
the expense of a positive economic cost (11 EUR/ton). Achieving climate benefits requires a more
intense and early investment on new facilities. The optimization determines an aggressive investment
on large-scale MRFs in order to maximize recycling (Figure 1). Furthermore, large-scale gasification
equipped with gas turbine is preferred over incineration due to its higher efficiency (Figure 1). Overall,
our results suggest that large-scale thermochemical facilities (incineration or gasification) remain
necessary in order to achieve landfill targets. A wide deployment of AD will also be necessary to divert
organic waste from landfills. Notably, both pathways involve investment in new landfill capacity.
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Figure 1. Evolution of new installed municipal solid waste management capacity in Madrid for the
period 2020-2040 under the minimum total annualized cost (a) and the minimum life cycle climate
change impact (b) pathways. MRF: material recovery facility.

Keywords: Waste management; Municipal solid waste; Mathematical programming; Optimization; Life
cycle assessment; Circular economy
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Abstract
In last few decades, the low-density poly ethylene (LDPE) is being primarily used for manufacturing of
plastic packaging materials, especially in developing countries. One of such countries is India where the
packaging sectors have grown 10% in volume terms from 8.3 MMTPA (FY-10) to 13.4 MMTPA (FY-15)
as per the current annual growth rate (CAGR). The projected CAGR for FY-15 to FY-20 is 10.5% with a
total volume of 22 MMTPA [1]. The waste generated from the packaging material is one of the
environmental issues due to its non degradable characteristics. The percentage of recycling globally is
very less (~wt. 9%), incineration of 12% and 79 wt. % of waste plastic materials are littered in the natural
environment [2]. Therefore, the utilization of the waste packaging material for new and renewable
energy as well as the reduction of waste plastic is a major concerned for scientist to develop sustainable
environment.
In this present work, the production of liquid fuels from waste packaging material which contains lowdensity poly ethylene has been studied through thermal decomposition to produce value added
products. The detailed study of the liquid products obtained from the thermal cracking of the packaging
waste plastic material has been performed using GC-MS, FTIR, NMR, CHNSO, TGA analyzer etc. It was
observed that the trends of thermal degradation were same up to 80 wt % weight loss till 470oC of
thermal treatment. However, the maximum degradation depends on the type of generated waste as
shown in the Fig. 1. The physical properties of the liquid products have been determined as per the
ASTM standards and the results are found to be very interesting. The conversion rate of the packaging
waste plastic material was found to be ~81 wt % in the form of liquid/wax, ~9 wt % fuel gases, and ~20
wt % as solid residue. However, the percentage yield of the products varies with the temperature
ramping of reactor. It has been observed that the liquid production increases as the temperature
ramping rate decrease. The other physical properties of the liquid/wax product obtained from the
thermal decomposition of the waste packaging material have been characterized using different ASTM
standard such as cloud and pour point using cloud and pour point apparatus (ASTM D 2500 and ASTM
D-97), flash and fire point using Abel’s apparatus (IP-170), aniline point using U-tube method apparatus
(based on IP-2), API gravity and density have been measured using hydrometer (ASTM D 7928) and
pycnometer (ASTM D 1217) at 15°C, kinematic viscosity using redwood viscometer-1 and cannon fenske
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viscometer (based on ASTM D 445 ) at 40°C, carbon residue using ramsbottom carbon residue
apparatus (ASTM D524) and gross calorific value using bomb calorimeter (based on IP-12). The
combustible characteristics as flash and fire point of the produced liquid product have been found to
be 51.3 and 53.4°C, respectively; cloud and pour point have been found to be 9 and 5 ± 1°C. The density,
specific gravity and °API gravity are found to be 0.807 g/cm3, 0.781 and 49.66. The kinematic viscosity
was found to be 2.05 cSt and the aniline point was ~59.8°C. The carbon residue was determined in
order to analyze the fuel burning properties and it’s found to be ~0.75 wt.%. The physical and chemical
properties of the liquid products depend on the process parameter and type of catalyst. The GC-MS,
FTIR and 13 C-NMR results revealed that the products contain different types of hydrocarbons; namely,
paraffin, aromatic, cyclic olefins, and lower hydrocarbons in the liquid fuels. As per the results of the 1
H-NMR, % composition in liquid fuels were 10.52 v/v % aromatics, 28.92 v/v % olefins and 60.56 v/v %
paraffin’s with degree of branching of 1.65. Also, the high calorific value of the liquid fuel (48.69 MJ/Kg)
is a good indication towards energy generation from waste plastic materials through pyrolysis
technique.

Figure 1: Process flow diagram of the thermal degradation of the waste packaging plastic materials for
new energy production (GB-Glucose bottles and PCB-plastic carry begs).
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Harmless disposal and reutilization of municipal solid waste incinerator fly ash (IFA) attract growing
interests due to the gap between increasing IFA generation and limited landfill space. Therefore, an
economical-affordable and environmentally friendly approach to deal with IFA is required. Herein,
major IFA reutilization technologies in China (IFA-to-cement, glassy slags, rock wool, and ceramsite)
were evaluated and compared with the landfill using life cycle assessment (LCA) and environmental lifecycle costing (eLCC). Prior to assessments, material flow analysis (MFA) was used to establish a heavy
metal transfer coefficient model. LCA results indicate IFA-to-cement and IFA-to-ceramsite outperform
others while eLCC results show that IFA-to-ceramsite and IFA-to-rock wool are preferred, breaking even
at years 3 and 5 compared to IFA-to-cement (new plant) at year 11. To reveal true costs of reutilization
technologies, whole life costing (WLC) was applied to include externality costs via monetizing emissions.
Major pollutants contributed to externality costs of these technologies were identified. IFA-toceramsite and IFA-to-rock wool technologies remain preferred with payback time as 4 and 6 years
respectively. A scenario analysis suggests that replacing sintering aids with polluted soil and Sec-FA
recovery could further improve the overall performance of IFA-to-ceramsite option. Policy scenario
analysis reveals that corporate income tax and environmental protection tax have negligible impacts
but waste disposal subsidy is vital for IFA reutilization technologies being economic feasible even
without externalities.
Keywords: Incinerator fly ash; Material flow analysis; Life cycle assessment; Life-cycle costing;
Whole life costing; Externality costs.

302: Performance of cement amended with washed municipal waste incineration ash
at the pilot-scale
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Cement production requires the use of considerable masses of raw materials in order to
provide the calcium, silica, iron, and aluminum (among other trace constituents) necessary to form
cement clinker. Literature and research from multiple international studies indicate that the ash
created from incinerating our waste for energy in a municipal solid waste incineration (MSWI) facility
produces a bottom ash with the chemical composition necessary to act as a raw material in portland
cement production. The scale of national and even global cement production means that, even at small
replacement percentages, this recycling application has the potential to divert significant quantities of
material from a landfill. However, though it has seen some promise internationally, this application is
still largely unexplored in the US and demands an investigation before any widespread implementation.
In a first-of-its-kind industrial scale operation in the US, several hundred tons of the bottom ash
residue from a MSWI facility was washed and recycled to produce ordinary portland cement. Used as
a percentage replacement of traditional raw materials that often have to be mined or shipped from
overseas, the MSWI bottom ash acted as a valuable mineral source derived entirely from the ash of
incinerated municipal waste. Successful implementation of MSWI ash as a replacement for traditional
cement kiln feed materials, a completely integrated use, would result in considerable environmental
benefit and a cost savings. The requirement for expensive and environmentally detrimental raw
materials (such as clay, limestone, and sand) would be reduced. Furthermore, a widely used raw
material, coal ash, has experienced dwindling supply brought on by a transition away from coal-fired
power plants in the United States; MSWI ash may fill the gap left by this dwindling supply.
However, successful implementation may only be realized if the final cement product behaves
comparably to ordinary portland cement (manufactured using traditional raw materials) all while
ensuring there be no excess harm to human health or the environment brought on by using MSWI
bottom ash as a raw material. Several tests will be undertaken to understand how the ash-amended
cement created in this industrial scale trial behaves compared to a control cement. Physical tests will
largely aim to understand cement and cement product reactivity (isothermal calorimetry),
mineralogical composition (XRD), and mechanical performance (mortar compressive strength).
Leaching tests will be performed to understand direct exposure risk and leaching risk posed by ashamended cement and cement products. Preliminary testing and available literature suggest that no
significant differences in cement performance will be observed at the replacement percentages created
in the industrial scale trial; leached concentrations may be slightly elevated for some elements (Cr, Mo,
Cu), but those same elements and others (As) may also be elevated in the control cement.
Favorable testing results will provide conclusive and compelling evidence in support of the
recycling of MSWI bottom ash as a mineral feed for cement production. These results will provide waste
management decisionmakers and the cement industry with a toolbox necessary to evaluate and
understand the merits of this recycling application, an environmentally conscious and cost-effective
material sink for more material than any other common ash recycling application (aggregate, road
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base). Furthermore, there is a considerable lack of data for industrial-scale ash recycling applications
available in the US regulatory context; regulators and policymakers alike may use the data set and the
precedent of this pilot experiment to consider formal laws, regulations, or mandates for MSWI ash
recycling programs in the US.

Day 5 Session 1: Ecological Resources
698: Drivers of the inverted U-shaped trend of China’s virtual water use during 20072017
China’s water use shows an inverted U-shaped curve and its inflection point appeared in the year of
2012 as China steps into a new period of development, in which China’s high-speed but extensive
growth mode driven by factor inputs was replaced by a medium-speed but high-quality growth mode.
In this study, we apply the input-output structural decomposition analysis (IO-SDA) to decompose the
national virtual water use during 2007-2017 and to explore key drivers of this inverted U-shaped trend.
This study taking 2012 as the base year, constructs the comparable price input-output table (39 sectors)
in 2007, 2010, 2012, 2015 and 2017. Six factors of virtual water change are identified in IO-SDA analysis,
including direct water intensity, input-output (IO) production structure, final demand structure, per
GDP final demand, per capita GDP and population. Results show China’s virtual water use also
presented an inverted U-shaped curve whose inflection point was in 2015. China’s virtual water use
increased by 8.0% in 2007-2015 and declined by 4.7% in 2015-2017. The proportion of virtual water
use induced by household consumption increased from approximate 50% to 60%. Virtual water use
induced by capital formation accounted for around 20%-25%. In contrast, the proportion induced by
export declined from close to 20% to 13.6%. SDA analysis reveal that direct water use intensity and IO
production structure were the major drivers reducing the national virtual water use, whereas per GDP
final demand and per capita GDP contributed to the increase of virtual water use. Especially the
increase effect of per capita GDP has shapely shrunk, inducing virtual water use by 115.4 billion m3 in
2007-2012 to 30.0 billion m3 in 2012-2017. The findings in this study provide a reference for the
formulation of relevant water-saving policies and measures.
Keywords: Input-output model; Structural decomposition model; Virtual water; Comparable price
input-output table

299: Collaborative consumption and sustainability: lifting the veil on unforeseen
adverse effects
*1Julien Walzberg, 1Geoffrey Lonca, 2Jonathan Deschênes
1Polytechnique Montréal, 2Haute École de Commerce de Montréal
*Corresponding author: julien.walzberg@nrel.gov

The collaborative economy proposes an alternative economic model that operates within planet
boundaries of natural resources to ensure our society to thrive. To (r)establish such an equilibrium
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requires to change the way we – as individuals and communities – interact with our environment and
with each other. Collaborative consumption could help in this endeavour by fostering connections
between people. However, the benefits of collaborative models for the three aspects of sustainability
are not straightforward. Collaborative consumption models could have adverse effects. Can
collaborative models possibly lead to unforeseen environmental, and socio-economic burden? A few
studies have attempted to answer this question, but always in a very specific way. However, none have
systematically investigated the general adverse effects attributed to the whole market of collaborative
consumption. Therefore, this review aims to bridge the gap in literature regarding the adverse effect
of collaborative consumption.
Keywords: Collaborative consumption, rebound effect, adverse effect, collaborative economy, circular
economy

742: Ecosystem Services – An Approach for Sediment Management
Ross O’Sullivan*, Dr. Joseph Harrington, Brano Batel
School of Building & Civil Engineering and Sustainable Infrastructure Research & Innovation Group,
Munster Technological University, Ireland
*Corresponding Author Email Address: ross.osullivan@mycit.ie
The ecosystem services approach involves classifying, describing and assessing the monetary value of
natural resources in terms of the benefits that humans can derive from nature. An ecosystem services
assessment has been developed and applied to the sediment management aspect of a harbour
development for a scale typical for Ireland. Two sediment management techniques have been analysed
for the sediment generated from dredging for the project; wetland creation and the widely practised
disposal at sea. The wetland creation approach is consistent with the eco-friendly concept of ‘Building
with Nature’ and also the circular economy. The ecosystem services assessment applied to the disposal
at sea option yielded a negative overall monetary value (-€191,878/year) and the wetland creation
option resulted in a positive overall monetary value (€1,403,275/year). These assessment results
indicate that a ‘Building with Nature’ solution beneficially using dredged sediment can provide
significant monetary benefit in the form of ecosystem services, for a sediment management project of
this scale. This ecosystem services approach can contribute significantly to assessment of a sediment
management projects and can inform stakeholders and policy makers of the benefits of ‘Building with
Nature’ solutions.
Keywords: Dredging, ecosystem services, sustainable, sediment management, resource, circular
economy

510: Life cycle assessment of organic materials recovery from waste LCD panel by
microwave-assisted hydrothermal treatment
1,2Yue Cao, 2Aiduan Borrion*, 1Yanran Cheng, 1Yuanyuan Wang, 1Wenzhi He*, 1Guangming Li,
1Juwen Huang, 1Haochen Zhu
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The market of LCD device is dramatically increased due to the excellent display performance of LCD
panel (Zhang et al., 2015). The statistic shows Chinese shipments of LCD TV panels of sizes 60-inch and
greater increased from 117,000 in the first quarter of 2018 to 2.24 million in the first quarter of 2019
(Statista, 2019). With the updates of technology, the lifespan of LCD devices is shortened. Thus, large
amount of waste LCD panel has generated and posed challenges for the e-waste management
(Savvilotidou et al., 2014; Akcil et al., 2019). According to the structure of LCD panel, components can
be classified into organic materials, metal and glass (Cao et al., 2019; Yu et al., 2019). Liquid crystal and
polarizer are two main kinds of organic materials in waste LCD panel (Yu et al., 2017; Yu et al., 2016).
Plenty of researches have been conducted considering the environmental risks and recycling potential
of organic materials (Li et al., 2015; Chen et al., 2017; Wang et al., 2017; Yu et al., 2017; Zhang et al.,
2017). However, the exploration of the environmental impact of treatment methods is lacking.
This study assumed a microwave-assisted hydrothermal treatment to realize the harmless degradation
and to obtain the acetic acid product based on our previous experiments results (Li et al., 2015; Yu et
al., 2016). The environmental impacts of this resource recovery process were evaluated by the life cycle
impact assessment method of ReCiPe (mid-point approach). Twelve categories were discussed,
including climate change (CC), ozone depletion (OD), freshwater eutrophication (FEP), marine
eutrophication (MEP), photochemical oxidant formation (POF), particulate matter formation (PMF),
ionizing radiation (IR), freshwater ecotoxicity (FET), human toxicity (HT), marine ecotoxicity (MET),
terrestrial ecotoxicity (TET), fossil depletion (FRD). In addition, sensitivity analysis was carried to
determine the critical influencing factors of the treatment process.
The system boundary is from waste LCD panel to acetic acid. The functional unit is the production of 1
kg acetic acid. Referring to the functional unit, the optimized experimental conditions of our lab were
scaled up for the processes in the scenarios relying on the hypothesis that the reaction effect remained
unchanged in amplified units. Three scenarios were studied, including (1) microwave assisted
hydrothermal treatment without microwave sensitizer supply; (2) microwave assisted hydrothermal
treatment with microwave sensitizer supply; (3) hydrothermal treatment without microwave
assistance. Database EcoInvent was used in this research.
Based on the life cycle impact assessment, major influencing factors that have negative or positive
environmental impacts were identified. According to the comparison of different scenarios and
sensitivity analysis, the environmental effect of microwave was investigated. From the perspective of
environmental impact assessment, suggestions on the microwave-assisted hydrothermal treatment for
resource recovery of organic materials in waste LCD panel were proposed for further industrial
production.
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Keywords: Waste LCD panel; Microwave-assisted hydrothermal; Organic materials; Life cycle
assessment; Environment impact.
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658: Life cycle assessment of electrochemical-based batteries: comparative analysis
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Electrochemical-based batteries have been widely used in the technology of energy storage, which
accelerates the advances of renewable energy development. Lithium-ion battery (LIB) has relatively
high energy density and large storage capacity, while the electrode and electrolyte of vanadium redox
flow battery (VRFB) can be highly recyclable. As the demand for batteries is increasing, the
environmental concerns about their resource uses and impacts associated with their production and
disposal are growing. Life cycle assessment (LCA) is a standardized approach for qualifying the
environmental impacts related to a product or a service. This study aims to quantify and compare
environmental impacts associated with two major electrochemical-based energy storage units from life
cycle perspectives, including lithium-nickel-cobalt-manganese (NCM) and vanadium redox flow
batteries (VRFB), by following the ISO 14040 standard. Simapro 8.5 was applied to conduct the life cycle
assessment and the impact methods of CML 2 baseline 2000 (CML), ReCiPe and cumulative energy
demand (CED) were used in this study. The impact results of NCM units showed that the battery cell
has relatively higher contribution in most of the impact categories from its high resource uses, followed
by the electricity consumption from the manufacturing of battery cell. It was also evident that the
environmental impacts of NCM units are strongly dependent from the capacity loss in operation stage.
When the NCM is being operated at deeper depth of discharge (DoD, e.g., 80%), it has shown better
environmentally friendliness, given its relatively higher throughout. As for the results of VRF units,
vanadium electrolyte has significantly higher impacts comparing to all other VRF components, while
the use of C2F4 in membranes and gaskets generates remarkable ozone depletion potential (ODP)
impacts. The result also showed that the use of copper and chromium have significant depletion
potential, partly due to their high characterization values in the methods, as well as for possible double
counting from co-processing. The results from our study are expected to provide future directions on
the improvement of environmentally friendless of electrochemical-based energy storage units, such as
incorporating environmental indicators into technical performance evaluation or carefully consider the
origin of key materials.
Keywords
Life cycle assessment, Energy storage, Lithium-ion battery, Vanadium redox flow battary, Renewable
energy

703: Material life cycle: solving the downstream allocation issue
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Materials constitute the backbone of our modern societies providing services as flows or stocks.
Environmental researchers have investigated materials in many ways. Criticality studies questioned the
viability of material extraction whereas material stock studies focused on the quantity and location of
material remaining a long time in our societies. Most recent researches aim at capturing the material
life cycle in a comprehensive way, from its extraction to its final release into the environment.
Two issues must be solved to capture the complete life cycle of materials.
First, the environmental impacts and value associated with the production of materials must be
determined. This is a complex issue because of the intertwinement of material supply chains. However,
our previous researches demonstrate this issue can be solved with an appropriate mathematical
approach.
The second issue concerns the use phase of the material. The use phase relates to the incorporation of
materials in more complex products and their elimination. The present work presents and discuss a
physical and a monetary allocation method to allocate the value added and environmental impacts of
processes using the materials to the materials. The presentation will contain theoretical foundations
and examples related to the wood industry.

160: Closed-loop material flow in AM: Characterizing the material property variations
before and after recycling
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Additive manufacturing (AM) or 3D printing has the capability of enhancing the design freedom and
manufacturing complexity, owing to its unique layer-wise production method. AM has been favored in
a wide range of industries like aerospace, automobile and electronics. Meanwhile, a great amount of
waste in various shapes and forms (e.g., multicolor and multicolor wastes) is generated from AM,
including both pre- and post-consumer wastes such as failed prints, unqualified products, unused
feedstock, end-of-life products, etc. These wastes, if directly disposed, can cause severe environmental
consequences. To enhance the resource sustainability in AM, methodologies for facilitating closed-loop
material flow by recycling AM wastes into reusable feedstock with satisfactory print quality, are
extremely desired, yet currently lacking in current literature. This research is focused on fused
deposition modeling (FDM) process and investigate the recycling of thermoplastic wastes from AM,
e.g., acrylonitrile butadiene styrene
(ABS) and polylactide (PLA). Due to the
diverse mechanisms of processing
materials using AM and traditional
manufacturing techniques like injection
molding, new knowledge is needed to
understand the variations in material
properties before and after recycling.
More specifically, the molecular
weight of recycled thermoplastics is
generally decreased significantly due
to the hydrolytic, radical degradation
and/or residual catalyst that causes
transesterification
during
hightemperature
processing.
The
molecular weight change is affected
by recycling environment (e.g.,
processing
temperature,
speed,
pressure, additives, etc.), and it is the
root
cause for declined performance of
recycled materials in terms of print quality (e.g., surface roughness) and mechanical properties (e.g.,
tensile strength). Therefore, in AM recycling, the “process-property-performance” causal relationships
are particularly critical to enable a prior prediction on recycling performance and aid the recycling
process planning and optimization. In this research, the material property changes before and after AM
recycling are characterized, and will be used to establish this causal relationship in future studies.
The workflow for achieving the research goals is illustrated in Figure 1. A bench-scale recycling system
is developed to process collected AM wastes into reusable feedstock. This recycling system is consisted
of three components: 1) waste size reduction using a crusher; 2) waste size and shape standardization
using a pelletizer; and 3) filament fabrication using an extruder. The molecular weight distributions in
thermoplastics before and after recycling are characterized using the state-of-the-art Gel Permeation
Chromatography (GPC) system by Waters, which can provide an effective method to determine the
polymer degradation by quantifying molecular weight and even intrinsic viscosity with appropriately
added detector. It is expected that the recycled materials tend to be brittle or fragile. To address this
issue, additives such as tougheners can be mixed in with pellets before extrusion, which is expected to
affect the material molecular weight distributions. Furthermore, different recycling cycle is also
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expected to change the molecular weight distributions. The results of this research will advance the
understandings of the material property variations before and after recycling in AM, and further aid the
closed-loop material flow in AM. The outcomes of this research will promote the public awareness on
recycling and resource sustainability issues in AM, and open up multidisciplinary collaborations in fields
such as manufacturing, bioengineering, material science, and environmental engineering.

Day 5 Session 2: Buildings
673: Carbon Emission Mitigation and Scenario Analysis of China’s Construction
Industry
Li Wei1*, Li Jing1, Li Guomin1, Cui Pengfei2, Jin Bohui1
1. School of Economics and Management, Taiyuan University of Technology; Taiyuan 030024, China;
2. China Agricultural Development Bank Tunliu County Sub-branch; Changzhi 046000, China;
*Correspondence: xinrongli@126.com; TEL.:+86-13934651338;+86-351-6014412
According to IPCC statistics, the construction industry accounts for 40% of the world's energy
consumption, and its carbon emissions account for 36% of global carbon emissions. Low-carbon and
emission reduction in the construction industry is undoubtedly a key part of achieving carbon
neutrality. Therefore, this study attempts to study the key stages and main factors of carbon emission
reduction in the construction industry, and explore the policy path to reduce carbon emission in the
construction industry. Firstly, Based on the life cycle assessment (LCA), this study measured and
analyzed the carbon emissions of China’s construction industry from 2007 to 2018 from the four stages
of building materials preparation, construction, operation and demolition. On the basis of conventional
emissions inventory, the negative carbon emissions were supplemented from building materials
recycling and construction waste recycling in the construction industry. Secondly, based on the STIRPAT
model and ridge regression analysis, this paper constructs a carbon footprint prediction model for
China's construction industry. Thirdly, the sensitivity analysis of the related factors affecting the carbon
emissions of the construction industry is carried out to seek the best emission reduction strategy.
Finally, using scenario analysis methods, the carbon footprint of China's construction industry under
different scenarios was measured, by setting the parameters of the variables in the STIRPAT model. At
the same time, the greenhouse gas emission potential of China's construction industry under different
scenarios was determined. The results show that (1)the carbon emissions of the construction industry
mainly come from the building materials preparation stage and operation stage, which account for
more than 70% and 20% of the total carbon emissions respectively. Among them, the carbon emissions
in the building materials preparation stage mainly come from cement and steel, two high-energyconsumption building materials. (2) Changes in carbon emissions during the building materials
preparation stage and operation stage contribute more than 99% to changes in carbon emissions in the
construction industry. (3) The construction area and labor productivity are the key factors that promote
the growth of carbon emissions, and population density is the most significant inhibitor. (4) Combining
the life cycle assessment and carbon footprint scenario prediction of China's construction industry, the
article proposes a phased emission reduction strategy for the construction industry such as developing
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low-carbon buildings, improving the efficiency of building resource recycling, optimizing the structure
of building materials, and increasing investment in technology research and development and analyzes
the path to achieve carbon neutrality in the construction industry.
Keywords: Construction industry; Life cycle assessment; STIRPAT model; Development scenarios;
Emission reduction strategy
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In the context of global energy and environmental crisis, prefabricated housing has been of increasing
interest due to the advantages of reducing waste of resources and environmental pollution. However,
most prefabricated residential projects are still using traditional design methods suitable for cast-inplace reinforced concrete houses. Increasing assembly rate by using a large number of prefabricated
components is what designers focusing on. The lack of appropriate design methods for prefabricated
houses has brought many problems. For example, floor plan designs of most prefabricated houses are
not efficient and lack standardization. It always leaves an impression that designs of prefabricated
houses are stereotyped and monotonous. In addition, the development of BIM (Building Information
Modeling) provides technical support for architectural design, and it has become a problem that how
to combine BIM technology with floor plan designs of prefabricated houses. These factors have brought
obstacles to the industrial development of prefabricated housing. Therefore, how to use advanced
technology to explore an efficient design method that is standardized and diversified for floor plan
designs of prefabricated houses has become an urgent problem.
This paper is based on modular design theory and uses BIM as a technical operating platform. First, a
floor plan is divided into different modules according to the modular theory, and then different level
modules are summarized and organized. After considering the similarity and representativeness of the
modules, a standardized, informative, and visualized module library with various levels is created,
including a first-level suite-type module library, a second-level functional space module library, and a
third-level component module library. Secondly, a plane combination method that is based on different
level module libraries is discussed. An example is used here to show how to quickly complete the floor
plan design of a new project by combining and replacing standard modules. And from the perspective
of sustainable development, plane design strategies are proposed to extend the service life of
prefabricated houses.
This paper proposes a new parallel design method for prefabricated houses based on BIM and modular
theory. It helps to efficiently realize the standardization and diversification of floor plan designs of
prefabricated houses. The method meets the development needs of standardization, informatization,
and industrialization for prefabricated houses, and also has reference value for designs of facades and
other parts of prefabricated houses. The research results have important reference significance for
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designers. It can help to improve design efficiency and quality and extend service life of houses. This is
of great significance for saving time and land resources and promoting healthy development of
prefabricated housing.
Keywords: building information modeling; prefabricated house; floor plan design; module library

702: Application of Eigenvector Spatial Filtering in Spatial Mismatch of School Land
12Wenwen Sun, 2Chunlu Liu
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2 School of Architecture and Built Environment, Deakin University, Geelong, Australia

The imbalanced development of society, economy, and environment affects the spatial flow of
population and movable resources, which makes the school land mismatch the school-age children in
space. However, few quantitative research has been conducted to verify the driving factors of spatial
mismatch of school land. The eigenvector spatial filtering is innovatively applied to form a quantification
procedure of identifying driving factors of the spatial mismatch of school land. The selected
eigenvectors as an explanatory variable are added to the regression model to filter the influence of the
spatial autocorrelation. This innovative procedure is performed in Yuncheng County. The results show
that population migration, industrial development, and school-built environment and talent allocation
are driving factors of the spatial mismatch of school land, which have positive significance for decisionmakers to specify the optimal allocation strategy of school land. It will advance the rational use and
sustainable development of land resources.
Keywords: Eigenvector spatial filtering; Moran’s index; School land; Spatial autocorrelation; Spatial
mismatch

529: Dismantling of single-family houses in prefabricated timber construction:
Investigations on the Recycling possibilities of construction elements
B. Sc. Karl Pirker, Prof. Dr.-Ing. Andrea Kustermann; Faculty of Civil Engineering, University of Applied
Sciences Munich
M. A. Sara Lindner, Prof. Dr.-Ing. Natalie Eßig, Faculty of Architecture, University of Applied Sciences
Munich
Introduction and Research Question
Contributing 36 percent to Germany’s total final energy consumption and 90 percent to the total
mineral resource consumption, the built environment currently represents the most resource intensive
industry. While the energy consumption for building operation is limited by the Energy Saving
Regulation, there is currently no specific law on the resource consumption of buildings, but only the
general Closed Cycle Waste Management Act based on the descending waste hierarchy of reduce,
reuse, recycle, recover and dispose.
While ‘reduce’ foremost relates to the material use in the construction phase, ‘reuse’, ‘recycle’,
‘recover’ and ‘dispose’ refer to the dismantling phase indicating the reuse of building materials as the
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most preferable and disposal as the least preferable option. Besides dismantling and recyclable
constructions, selective deconstruction techniques offer the best prerequisites for high reuse and
recycling rates after the usage phase of buildings.
In this investigation program several building constructions were examined and evaluated regarding to
their separation capability and reusability. The aim is coming closer to achieve the object of reusable
building constructions.
Methods
Currently, several tools to assess the reuse and recycling potential of buildings and constructions exist
evaluating the categories ‘effort for disassembly’, ‘clean separation of layers’, ‘recyclability of materials’
and ‘recycling compatibility of adjacent layers’. The evaluation is conducted by an auditor classifying
the building components into five quality levels per category based on exemplary constructions.
In order to assess the practicability of the described methods, three complete buildings will be
dismantled and rebuilt at other locations. In addition, several wooden wall, ceiling and roof
constructions will be dismantled in detail. This is done after their recycling and reuse potential has been
theoretically evaluated.
This results in two levels of consideration.
On one level, the dismantling and subsequent reconstruction of buildings in prefabricated timber
construction by various manufacturers is accompanied and documented.
On the other level, component samples from three manufacturers are examined in detail in the
laboratory with regard to their separability and disassembled using similar and comparable methods.
Results and Conclusion
The research project ‘Rural Mining’ compares the theoretical assessment with practice in order to
identify weak points of the existing assessment systems and to work out suggestions for improvement.
Furthermore, the two-level analysis provides insights into the reuse of entire buildings or parts of
buildings as well as into the recycling potential of the various construction methods. In addition, a
typologisation of the different construction methods and the building materials used is carried out with
regard to separability and recycling compatibility.
The results will be summarised in an extended catalogue of exemplary designs and detailed information
on connection means and their effort for disassembly will be made available online to clients and
manufacturers.
Keywords: circular economy, life cycle assessment, dismantling, reuse, recycling, rural mining,
prefabricated timber construction, separability of composite components

569: Is it possible to achieve waste free construction sites in Norway?
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Abstract. The construction industry is one of the world's largest consumers of energy (ca. 40%) and
natural resources (ca. 40%). Norwegian statistical data shows that waste from construction,
rehabilitation and demolition is steadily increasing. Norway alone generated approximately 1.9 million
tonnes of waste in 2017, around 1% more construction waste compared to 2016. Of this, only 34% of
the waste was recycled, which is 8% less than in 2016, and 34% below the EU's requirements (70%
reuse and recovery of all non-hazardous construction and demolition waste). There are on-going
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initiatives in Norway to address this and realise 'waste free' construction sites, with an ambition to
contribute towards global, national and regional environmental impact reduction targets. The aim of
this paper is to discuss challenges and opportunities for waste free construction sites in Norway and
lessons learnt from Norwegian fossil and emission free construction sites. This paper concludes that
Norwegian waste-free construction is ambitious but possible.

Keywords: Construction site; Construction waste; Emission free; Waste free construction; Zero waste
construction.
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Environmental Product Declaration (EPD) is a standardized way of quantifying the impact of a product
or system on the environment. This study evaluates the environmental impact of 1 tone of clay roof
tiles, produced in production plant in Serbia, defined and grouped by use of Product Category Rules
(PCR). The purpose of this study is to determine: (1) life cycle stages of the product which have the
major impact on the environment expressed as environmental impact categories; (2) the processes of
clay roof tile production which have the most important effects on the environment also expressed as
environmental impact categories. The LCA analysis has been conducted with the One Click LCA
software, developed by Bionova Ltd, Finland. All processes have been modelled based on the inventory
data given in the Ecoinvent database (v3.6). According to the results in this study and observed from
the aspect of the product life cycle, the production process has the major impact on the environment,
and from the aspect of the resources used, the major impact on the environment has the consumption
of energy and the use of raw materials.
Keywords: LCA, EPD, PCR, roof tiles
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As the world gets wealthier and warmer, the need for cooling services is expected to skyrocket. Cooling,
in the form of both air conditioning and refrigeration, is not yet prevalent in much of the developing
world. Nevertheless, as temperatures increase and these countries become more developed, there
will be increasing demand for access to climate-controlled environments. Modern cooling technology
generally requires large quantities of energy and relies on refrigerants that can have global warming
potentials hundreds to thousands of times more than carbon dioxide.
This research reviews the current trajectory of cooling services to estimate the total greenhouse gas
burden of projected cooling services. It then focuses more specifically on cooling within the food supply
chain, often termed the cold chain. As it currently stands, the existing cold chain is responsible for~1%
of the world’s total greenhouse gas (GHG) emissions and represents 3.0-3.5% of GHG emissions in
developed economies such as the UK. In addition to the direct energy use and emissions associated
with refrigeration, the cold chain affects food consumption and waste patterns substantially. It is
essential, therefore, to better understand the complex nature of this aspect of the food-energy-water
nexus and to proactively manage it at early stages of adoption.
This research discusses various pressures on a developing food supply chain, estimating potential
changes to GHG emissions associated with energy use, refrigerant leakage, and impacts of embodied
food waste when refrigeration is introduced. The effects of specific technical interventions are then
quantified on a life cycle basis with respect to five different food types, with respect to refrigerant
substitution, refrigerator design, food residence time, ambient storage temperature, transportation
logistics, and underlying electricity grid. It is shown that the most effective technical interventions to
reduce GHG emissions associated with the cold chain are reducing the GHG intensity of the electricity
grid and more efficient refrigerator design. Strategies to reduce food waste throughout the supply
chain are also effective at reducing GHG emissions. In addition to changing parameters in cold chain
systems that mimic the current infrastructure in developed economies, the potential for leapfrogging
traditional brick and mortar stores in favor of direct-to-consumer food supply chains is explored. The
results of the analysis indicate that there may be significant potential savings associated with the directto-consumer model, although additional research will be needed to substantiate these results.
After showing the results of the analysis on a functional unit basis (e.g. per kg food), the research
describes the impacts of the cold chain and potential interventions on an aggregate basis to show
differences in scale and potential aspects of cooling services that may be missed in a life cycle
assessment. In particular, the impact of climate-controlled transportation is quite small on a functional
unit basis, due to the relatively short residence time that an individual food product spends in transit
compared to cold storage in distribution or retail. Nevertheless, climate-controlled transportation has
a substantial GHG burden with definite improvement potential with respect to both overall efficiency
and refrigerant leakage. Overall, the research will identify potential future advances that are needed
for both technology intervention as well as highlight areas of the supply chain that would benefit from
behavioral change or new business models.
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681: Development of Clustered Polynomial Chaos Expansion model for stochastic
hydrology prediction
F. Wang1, G. H. Huang1,2, and Y. P. Li1
1 State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of
Environment, Beijing Normal University, Beijing 100875, China.
2 Institute for Energy, Environment and Sustainable Communities, University of Regina, Regina,
Saskatchewan, Canada,
Corresponding author: G. H. Huang,
Tel: +13065854095; Fax: +13063373205; Email: huang@iseis.org
Based on the uncertainty evolution and sensitivity analysis of the hydrological process, this study
introduced a clustered polynomial chaos expansion (CPCE) model to reveal the random features in
hydrologic projection. In detail the random characteristics of the state variables in the hydrological
process is characterized through the polynomial chaotic expansion (PCE) model based on the
probability collocation method. At the same time, a multivariate discrete non-functional relationship
between PCE coefficients and hydrological model inputs is established based on stepwise cluster
analysis (SCA). Moreover, the capability of CPCE to project the probabilistic daily flow is
demonstrated, and the dynamic sensitivities of model parameters are investigated through the
multilevel factorial analyses. Results show that with effectively reflecting the stochastic characteristics
of hydrological processes, the CPCE model can directly predict future runoff sequences and generate
probability distributions of all runoff values. Dynamic sensitivity analysis indicates that the maximum
soil moisture capacity within catchment plays a key role in the accuracy of the low-flow forecasting,
while the degree of spatial variability in soil moisture capacities has a remarkable impact on the
accuracy of the high-flow forecasting for Ruihe Watershed, China.
Key words: Stochastic projection; Polynomial Chaos Expansion; Stepwise Cluster Analysis; Dynamic
sensitivity; Multilevel Factorial Analysis

534: Biological removal of selenate and selenite using hydrogen as electron donor
Arindam Sinharoy and Piet N.L. Lens
Department of Microbiology, School of Natural Sciences, National University of Ireland Galway,
University Road, Galway, H91 TK33, Ireland
Selenium (Se) contamination of surface and ground water has become a serious problem worldwide in
the recent years (He et al., 2018). The natural sources of Se include weathering of selenium-containing
rocks and soils, gypsum, volcanic eruptions, volatilization/recycling via biotic cycling, whereas
anthropogenic sources include mining, agriculture, coal combustion, insecticide production, oil
refining, photocells and glass manufacture (Tan et al., 2016). The exposure to Se can cause various
diseases in humans such as selenosis (Ečimović et al., 2018). Hence, it is necessary to treat Se rich
wastewaters before releasing them into the environment. Though, several physicochemical methods
are available, due to their high costs, generation of toxic sludge and by-products as well as solid liquid
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separation problems associated with these processes, more effort is given towards developing
biological treatment systems.
Biological selenium removal involves selenium reducing bacteria (SeRB) which reduce Se (IV)/ Se(VI) to
Se(0) by utilizing a suitable electron donor. Most of the selenium polluted wastewaters are inorganic in
nature, and hence, require addition of efficient electron donor that can be utilized by SeRB for Se(IV)/
Se(VI) removal from wastewater (Nancharaiah and Lens, 2015). Among the different choices available,
H2 gas is an attractive option as electron donor because it is clean, non-toxic and comparatively less
expensive than most of the commonly used electron donors (ethanol and lactate). Hence, the suitability
of H2 as electron donor for Se(IV)/ Se(VI) removal from wastewater was explored in this study.
The results revealed that both Se(IV) and Se(VI) can be completely removed using H2 within 8 days of
incubation. The Se(IV) removal (0.16 mmol/l/d) was slightly faster than the removal of Se(VI) (0.14
mmol/l/d) from wastewater using H2. The formation of red coloured spherical Se(0) particles (50-150
nm size) in all the experimental set-ups indicated the potential for recovery of Se as nanoparticles,
which can be further utilized in other applications such as heavy metal removal from wastewater (Mal
et al., 2016). Furthermore, while studying the effect of temperature on Se removal, it was observed
that an increased temperature of 50°C is better than mesophilic temperature (30°C). Overall this study
demonstrated the applicability of H2 in removing and recovering selenium oxyanions from
wastewaters, bioleaching liquors and spent metal leachates.
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650: Behavioural change in waste separation: Investigation of young group with high
diversity
Xuepeng Qian, Jiarong Hu, Kelvin tang
With the continuous growth in economy, human population, and urbanisation, the amount of
municipal solid waste generation has been rapidly increasing worldwide in recent decades. The mixed
and improperly treated wastes have caused a variety of environmental destruction. Among the mislaid
garbage, most of them can be recycled through proper separation and treatment. Thus, waste
separation at source is essential for better municipal solid waste management to conserve limited
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resources, to solve emerging problems, and to practice sustainable development. In this scenario,
analysing and understanding the factors that influence people’s behaviour of waste separation is critical
and significant for achieving better waste management. This study identifies the factors behind
behavioural change in waste separation at source in an international community, following these
research questions: i) What are the factors that influence people’s behavioural intention towards
household waste separation at source; ii) How do people’s intention towards waste separation at
source and their behaviour change, and why; and iii) What can be learned from the changes of people’s
intention towards waste separation at source and their behaviour? We adopted the Theory of Planned
Behaviour (TPB) to conduct a self-report questionnaire survey twice, in which 354 residents
participated at Time 1 and 331 at Time 2 with a retention rate of 93.5%. The questionnaires were
designed based on TPB with additional questions regarding waste separation rules in the community,
experience of waste separation, and environmental knowledge. With the questionnaire data and
follow-up qualitative interviews, we specify the factors related to waste separation through factor
analysis and structural equation modelling and text mining. At Time 1, the effects of only subjective
norms (b=0.52; p<0.001) and perceived behavioural control (b=0.68; p<0.001) on behavioural intention
towards waste separation at source are significant. However, at Time 2, the effects of all three criteria
variables of attitudes (b=0.20; p<0.001), subjective norms (b=0.28; p<0.001), and perceived
behavioural control (b=0.66; p<0.001) on behavioural intention towards waste separation at source
turn out to be significant. The factor with strongest effect on behavioural intention is perceived
behavioural control, followed by subjective norms and attitudes in order. The panel data collected over
three months demonstrate the changes in attitudes, subjective norms, and perceived behavioural
control that affect behavioural intention in the process of behaviour adaption. Combined with interview
data from 13 residents who were randomly selected, the reasons for these changes can be further
attributed to individuals’ environmental knowledge and rules in the community. Overall, the findings
imply that policies targeting environmental education and rulemaking are effective to help residents
form more positive intentions towards waste separation.
Keywords: waste separation, behavioural change, Theory of Planned Behaviour, international
community
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Fig. 1 SEM results of behavioural change in waste separation from Time 1 to Time 2
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676: Environmental-Social-Economic Analysis of Inclusive Municipal Solid Waste
Management
1peixiu, Chen, 1 Benjamin Steuer
1 Hong Kong University of Science and Technology, Division of Environment and Sustainability,
Kowloon, Hong Kong

To cope with the exponential upsurge in municipal waste, it is important to develop a type of
sustainable municipal solid waste management(MSWM). Municipal authorities have too often
developed MSWM approaches, which turn out to be insufficient, especially in developing countries,
where the informal recycling sector (IRS) plays an important role. While often not acknowledged, the
IRS collects and sorts recyclables efficiently and thereby contributes to the recovery of resources and
circular economy. An alternative model that offers a symbiosis between formal and informal structures
is the inclusive MSWM.
In regard to the question of how informal and formal segments in MSWM can be merged, research and
assessments on sustainable performance play a central role. However, previous studies, analysed only
for formal MSWM by focusing on improvements in environmental technologies, policies, and
institutions. Little attention is paid to inclusive MSWM, especially when it comes to identifying the
contribution of IRS. Inclusive MSWM is an environmental-social-economic interconnected system, so a
holistic approach is needed to gain an understanding of trade-offs and benefits of inclusive MSWM,
and to support policy makers in their MSWM urban planning.
To solve the research gap, this study adopts environmental-social-economic integrated Drivers–
Pressures–States–Impacts–Responses (IDPSIR) framework to systematically analyse the inclusive
MSWM. The IDPSIR model is a system-based approach which captures key relationship between
environment, society, economics. Applied to inclusive MSWM, it depicts the complexity and variety of
multiple interactions and shows the triple-win solution of MSWM as figure 1.

Figure 1. The IDPSIR framework of the inclusive MSWM (source: the author)
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The main drivers behind the inclusive MSWM are insufficient waste management system, increasing
population, conspicuous consumption, unsound social welfare system, rapid economic growth and
increasing low-income groups (Driving Forces). Drivers lead to exponential upsurge MSWM, MSWM
pollution, resource depletion, chronic poverty, resource-wasting, losing resources value and the
concern of public health, climate change mitigation (Pressure). As a result, the formal sector and the
informal sector both involve in MSWM Simultaneously (State). The formal sector, such as municipal
authority, provides waste management services, which mainly target the environmental purpose of
green living environment and public health. The informal sector engages in WM because of economic
incentives, which serves poverty alleviation (Impacts). Finally, inclusive MSWM is an optimal trade-off
for formal, informal, household stakeholders, which stipulates a cooperative role for the formal and
informal sectors and thereby strengthens the social inclusion, environmental sustainability and
economic benefit of MSWM(Response). In addition, the response of inclusive MSWM is well embedded
within the Sustainable Development Goals (SDGs), being included either explicitly or implicitly in 6 out
of the 17 United Nations’ SDGs.
This study develops an IDPSIR model to analyse the inclusive MSWM from system dynamics perspective
and illuminates the diagnostic features of inclusive MSWM by linking waste management, IRS and SDGs.
Inclusive MSWM benefits to the environmental sustainability, poverty reduction and circular economy.
This study provides the insights of inclusive MSWM for the policy-makers, which help to make a better
decision of MSWM. The novelty of this research lies in building the IDPSIR framework to
comprehensively clarify the complicated socio-environmental waste management issue.
Keywords: Waste management, Inclusive, Sustainable Development Goals

75: Assessment of Mercury Added Products as Waste Electrical and Electronic
Equipment (WEEE) Items arising in Scrap Metal Collections
Yvonne Ryan-Fogarty1, Colin Fitzpatrick1, Cornelis Peter Baldé2
1. Electronic and Computer Engineering Department, University of Limerick, Plassey, Co.
Limerick, Ireland
2. United Nations University, Vice Rectorate in Europe, Sustainable Cycles Programme (SCYCLE),
Platz der Vereinten Nationen 1, 53113 Bonn, Germany
Abstract
When released to the environment, mercury can exist in the atmosphere as vapour, enter water as
methylmercury, and in soil as ionic mercury. It eventually can enter the food chain, become
bioaccumulated and ingested. Prevention of release is key to protecting human health. Yet mercury is
still used in many common place products such as certain electronic equipment, switches and relays,
measurement and control equipment, batteries, and energy efficient and fluorescent lighting.
Alternatives are available and planned phase-outs have been agreed under the Minimata Convention.
Mercury is one of the priority substances for safe removal in appropriate WEEE collection and
treatment and many older WEEE items presenting for treatment will continue to contain mercury for
many years to come.

182

EU collection targets for WEEE have increased since 2019, yet it is widely acknowledged that
significant WEEE flows are occurring outside the control of producers and compliance schemes. The
EEE2WEEE project examined the various means by which WEEE did not end up in appropriate
treatment. WEEE arising in metal scrap is a common theme across the globe. To reach collection
targets it is necessary to quantify and understand the sources of WEEE arising in metal scrap so that
policy makers can enact strategies to realise compliant collection and treatment. Most attempts to
ascertain estimates on WEEE arising in metal scrap have focused on quantification of large household
appliances arising in metal scrap through, collection, removal and weighing.
This research used UNU Keys with a count-based system and instead focused on the source of waste
rather than the location of waste. This was a response to challenges identified on scrap metal sites in
Ireland - difficulties in gathering data on sites included lack of space to separate out and weigh WEEE
components of metal scrap and obstruction of work potentially leading to revenue loss for volunteer
sites. On site observations and material flow analysis identified the list of waste codes from the
European Waste Catalogue used by scrap metal recyclers in which WEEE had been observed. Waste
from construction and demolition were observed. The WEEE in the scrap metal database was further
refined and analysed so that all WEEE items identified as mercury added products were found using
assigned UNU Keys. The WEEE Calculation Tool was used to calculate WEEE generated per category
for the year of analysis and comparisons were made between the quantities arising in metal scrap and
predicted waste generated. Findings were then compared to available national statistics and data
sourced directly from WEEE treatment facilities and these data were used to determine the quantities
of waste mercury lost.
In total 415 tonnes of metal scrap originating from construction and demolition sources were
sampled and 747 individual WEEE items were identified. It was estimated that 3.91% ± 1.88% of the
mass sampled was WEEE equating to 2.28 kg/capita. Mercury added products found in metal scrap
included desktop PCs, laptops, LCD, LED and plasma TVs and monitors and assorted fluorescent and
special lamps. At least 4% of the expected mass of desktop PC waste generated and 3% of flat display
panel monitors were found to have been lost to scrap metal collection. Quantifying the numbers of
fluorescent lamps posed a greater challenge due to their susceptibility to breakage during removal,
transit, and tipping.
Greater prominence needs to be placed on developing solutions to prevent mismanagement of WEEE
at the sources of WEEE arising in metal scrap, in this case the construction and demolition sector. On
the one hand whilst the quantities of waste mercury attributable to WEEE may seem low, even small
amounts of mercury are harmful under certain contexts and exposure routes. Mercury vapour, when
inhaled, may cause harmful effects on immune, digestive, and nervous systems. Risk assessments of
mercury exposure from broken mercury containing lamps have tended to focus on accidental
breakage of single lamps rather than multiple breakage of lighting panels during demolition. There is a
need for a deeper understanding of the distribution of waste mercury to develop better policies at
local, regional, and global levels to tackle mercury waste.

660: Pressure on sustainability of freshwater consumption in global watersheds and
the virtual water trade effects
Masaharu Motoshita, Stephan Pfister, Matthias Finkbeiner
Sustainable water use is an important social issue that is also set as a goal of Sustainable Development
Goals (SDGs) by the United Nations. The concept of planetary boundaries is applied for water use to
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assess the sustainability of human activities, whereas the challenges on the definition of regional
carrying capacities at watershed levels and identification of the causes of boundary exceedance need
to be overcome. We analyze the current state of the carrying capacity exceedance of freshwater and
its sources at watershed levels for the whole world.
Here we show that 24% of our current total freshwater consumption exceeds the carrying capacities of
watersheds. Our fundamental demand of freshwater for domestic and irrigation use accounts for 60%
of the overconsumed part of the total freshwater consumption. We deprive 60% of water requirement
for eco-systems in watersheds on average to satisfy our current freshwater demand, which may result
in significant effects on ecosystems. Demand for traded crops in the global supply chains indirectly
contributes to over-consumption of freshwater in producing watersheds, while around 5% of
overconsumption of freshwater is globally saved through virtual water trade for many consuming
countries owing to the dependency on producing countries. However, overconsumption of freshwater
is imposed in some producing countries in addition to their national demand to satisfy the demand of
consuming countries. The balance between the reduction of pressure on planetary boundaries and
sustainability at the watershed level is a crucial issue for the sustainability of freshwater use.

597: Using Tanflos SG to Remove Fine and Ultra-Fine Iron Mineral Particles from
Water
¹Ian Werner, ²Elivone Lopes da Silva, ³Mauricio Leonardo Torem.
Pontifícia Universidade Católica do Rio de Janeiro, Departamento de Engenharia Química e de
Materiais, Brazil
One of the biggest challenges in the mineral scenario is concentrating and removing fine particles, as
consequence of that, there are a high concentration of mineral inside the Ganga and this reality needs
to be changed. Seeking to contribute significantly, this research used the process of DAF (dissolved air
flotation), because in this process the bubbles are less than 100 µ, what is fundamental because the
fines and ultrafine particles. For the pretreatment was used the biosurfactant Tanfloc SG as much as
flocculant and coagulant. Other techniques such as FTIR (Fourier-Transform infrared), Zeta potential
and contact angle was used to show the mineral and the biosurfactant characteristics. As a conclusion,
the IEP (isoelectric point) was close to pH 8,5 for Tanfloc, but for hematite, with Tanfloc the pH went
down to 5,3 - 6,5 and the DAF depends the biosurfactant concentration, the best results were between
140 and 175 mg/L.
Keywords: Fine, ultra-fines, biosurfactant, DAF, Tanfloc SG.
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688: Stepwise-clustered heatwave downscaling and projection – a case study for
Guangdong Province
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Increasing attention has been attracted to heatwave events (i.e., HWs) over Guangdong in recent years
under changing climate conditions. It is desired to explore the future changes of HWs due to its
associated consequences on society economy and environment. In this study, a stepwise-clustered
heatwave downscaling approach (i.e., SCHW) was developed for the projection of HWs in Guangdong.
The indicators (occurrence, duration, magnitude, intensity, frequency, and accumulated intensity) were
investigated based on both the absolute and relative definitions of HWs (i.e., AHWs and RHWs) under
two representative concentration pathways (RCPs). The trends (i.e., 0.22 – 0.39 °C per decade under
RCP4.5 and 0.39 – 0.74 °C per decade under RCP8.5) of the projected daily maximum temperature
indicate that Guangdong would experience continuous warming in the future. The occurrence,
frequency, and accumulated intensity of HWs would increase by 185%, 207%, and 238% in the 2080s
(i.e., 2066 – 2095) under RCP8.5 compared to the historical period (i.e., 1976 – 2005), respectively.
Moreover, the three indicators of HWs are projected to have more evident increase in inland area than
its costal parts. The spatial variation of HWs is greater under RCP8.5 than those under RCP4.5. The
relative definition of HWs is somewhat more appropriate to exhibit HWs than absolute definition over
Guangdong. Hence, the projections of future HWs can help provide valuable information for assessing
extreme climate change and identifying desired adaptation strategies.
Keywords: Climate change; Stepwise clustering downscaling; Heat wave projection; Daily maximum
temperature; Impact studies; Guangdong

716: Global Hg emission mitigation pathways and cobenefits of the decarbonization
target
1Tatsuya Hanaoka, 1Kenichi Nakajima, 2Takashi Morimoto, 2Maya Fukuda, 1Keisuke Nansai
1National Institute for Environmental studies
2Mitsubishi UFJ Research and Consulting
Keywords: Hg emission pathways, Mitigation scenario, cobenefit of decarbonization.
1. Introduction
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Minamata Convention on Mercury was ratified in 2017, which was an internationally landmark accord
to reduce environmental impacts by Hg emissions covering all stages such as mining, import, export,
consumption, emission, and disposal. There are several major Hg emission sources such as gold mining,
fossil fuel burning and industrial process. An important point to note is that fossil fuel burning and
industrial process are also major emission sources of CO2 and air pollutants. Thus it is necessary to
consider emissions profiles of Hg as well as CO2 and air pollutants simultaneously. Especially, from the
viewpoint of mitigating climate impacts, in the Paris Agreement adopted in 2015 by the United Nations
Framework Convention on Climate Change (UNFCCC) Parties, it is required for all UNFCCC parties to
reduce GHG emissions, in order to achieve the international target to “hold the increase in the global
average temperature to well below 2°C above pre-industrial levels” (so-called “2°C target”). Thus, there
should be a certain amount of cobenefits in reducing Hg emissions due to the climate mitigation
measures. Developing countries became major emitters of both CO2 and Hg in the world due to the
rapid economic growth over the past decades. In addition, they have been facing with serious
environmental problem. Thus, developing countries need to take much further efforts than the current
mitigation measures on both CO2 and Hg.
The objective of this study is to analyze emissions projections of both CO2 and Hg by considering various
combinations of decarbonization measures and Hg mitigation measures, and also to evaluate
cobenefits in reducing Hg emissions in response to decarbonization measures for achieving the 2°C
target.
2. Methods
This study focuses on anthropogenic emissions of CO2 and Hg to the atmosphere caused by fuel
combustion and industry process. In order to analyze future anthropogenic emissions projections and
mitigation potentials by combinations of various kinds of technologies, this study uses a technology
bottom-up model with a detailed technology selection framework, named the AIM/Enduse model. The
AIM/Enduse model is a partial equilibrium, recursive dynamic optimization model, to minimize the total
system costs including initial cost, operation and management cost, energy cost, carbon tax, energy
tax, subsidy.
AIM/Enduse[Global] covers 32 of the world's geographical regions, especially focusing on Asia in detail
such as Japan, China, India, ASEAN. As for the target gases, this study covers not only long-lived GHGs
(CO2, N2O, HFCs, PFCs, SF6) but also SLCPs (CH4, BC) and air pollutants (SO2, NOx, PM2.5, PM10, OC,
CO, NH3, NMVOC), in major multiple sectors such as energy supply, industry, residential & commercial,
transport, agriculture, waste, industrial process, and fuel mining. This study adds new submodules to
consider Hg emission. One cavate is that AIM/Enduse[Global] does not cover gold mining sector and
non-ferrous production sector explicitly.
3. Result and discussions
CO2 emission pathways toward the global 2°C target can be projected in various ways by considering
different combinations of decarbonization measures. Figure 1 shows an example result about emissions
projections and sector-wise mitigation potentials regarding CO2 and Hg, when comparing between the
reference and the 2°C target scenarios. Major emission sources of Hg are power and industry sectors,
and thus cobenefits of large mitigation potentials are found in those sectors due to decarbonization
measures toward the 2°C target. However, it is also important to note that, Hg emission reduction
potentials have a certain limitation only by decarbonization measures, which the global Hg emission
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level in 2050 will be almost the same as the level of 2010. Thus, the more additional efforts to diffuse
end-of-pipe measures is required for drastic Hg reductions.
Global emission pathway in the reference scenario
Global mitigation pathway in climate mitigation scenario equivalent to the 2 degree target
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Figure 1. Global Hg Emission pathways under the climate mitigation scenario equivalent to the 2 degree
target.

727: Spatial-Temporal Pattern, Driving Mechanism and Optimization Policies for
Embodied Carbon Emissions Transfers in Interregional Tourism: Case Study of
Provinces in China
Bing Xiaa, Suocheng Donga,b , Fujia Lia,b ,
Hao Chenga,b, Zehong Lia,b, Yu Lia,b, Yang Yanga, Qian Liua,b, Shantong Li c
a Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing 100101, China
b College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049,
China
c Department of Development Strategy and Regional Economy, Development Research Center, State
Council, Beijing 100010, China
Abstract: Tourism contributes more than 10% of the global gross domestic product and its direct carbon
emissions are not high. However, because of its huge industrial relevance and interregional mobility,
there are large amounts of embodied carbon emissions of tourism industry between countries and
regions. Under the pressure of economic recovery and global climate change, a more comprehensive
assessment of tourism carbon emissions and the mechanisms and policies based on it are extremely
important. This article estimated tourism embodied carbon transfer (CETT) by established a tourism
MRIO table based on the core tourism sub-sectors of Tourism Hotels, Travel Agencies, and Tourism
Scenic Spots. Moreover, this article analyzed the spatial-temporal pattern and driving mechanism of
CETT between 30 provinces in China, with rapid growth both on tourism economy and carbon emissions
from 1997 to 2012, with applied emissions embodied in bilateral trade model, structure decomposition
analysis, and coupling relationship model to establish a comprehensive CETT’s analysis framework of
“from pattern to intensity to driving-mechanism to optimization policies”. This article found that
tourism had the risk to be a regional “carbon emissions’ accelerator” in 30 provinces of China, this is
basically consistent with the estimation on global tourism carbon emissions. And more provinces in
China have become the "net destination" of CETT, and tourism has the risk to become the "accelerator"

187

of regional carbon emissions. Base on the intensity of CETT both from the accounting based on
destination and residence in some provinces it was found that low carbon emissions’ technology of
products and services supplied by destination, the tourist origin structure, as well as the scale of the
tourist market between the provinces cloud be the important driving forces of CETT. Further, the
driving forces showing the positive impact on the most “net origin” provinces, while it showing the
negative impact on “net destination” provinces. At last, this article suggested some optimization
policies according to CR model and the driving forces of CETT: Adjusting the structure of tourist origin,
the optimizations are including to expand the scale of tourist origin by implementing the marketing and
promotion policies on the low intensity of CETT tourist origin, and designing the trans-provincial
tourism routes combined the low CETT intensity destination. Promoting technology on tourism
products and services, the optimizations are including to promote the low carbon technology of the
final products and services, as well as the intermediate input of on industry’s chain of tourism.
Controlling the scale of tourism commodity value transfer, it needs to consider the resources carrying
capacity and the season of tourism industry in the destination. Compulsive policies from government
and restrictive policies from the market both need to be implemented to reduce to CETT. This article
will provide the scientific basis and theoretical support of formulating CE’s reductions policies and
achieving efficient and green management on tourism for the global destination and tourism developed
regions, especially under nowadays situation of global climate change and the COVID-19 crisis.
Ultimately, this work can be useful to promote tourism to be a real green, low-carbon, and
environmental-friendly industry, as well as be the main contribution to realize the global and regional
goals of peak carbon emissions and carbon neutrality.
Keywords: Interregional embodied carbon emissions transfers; Tourism industry; Emissions embodied
in bilateral trade (EEBT); Driving force; Mechanism; Optimization

Fig.1 The CETT outflows and intensity of CETT outflows to Shanghai in 2012

188

*

Corresponding author. Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences, Beijing 100101, China, E-mail address: dongsc@igsnrr.ac.cn
*
Corresponding author. Institute of Geographic Sciences and Natural Resources Research, Chinese
Academy of Sciences, Beijing 100101, China, E-mail address: lifujia2003@163.com

709: Impact of Aircraft Lifetime Change on Lifecycle CO2 Emissions and Costs in
Japanese aviation industry
Minami Kito, Keisuke Nansai, Shigemi Kagawa
Airline industry CO2 emissions have increased rapidly; air transportation released approximately 2.8%
of global fuel-combustion-based CO2 emissions in 2019. Aircraft passenger demand has grown at a
rate of 6.2% per year over the past 10 years, and the demand is projected to increase after COVID-19
society. Many previous studies have shown that introducing new fuel-efficient aircraft contributes
considerably to reducing CO2 emissions from the aviation industry, however they did not consider
important factors of both aircrafts replacement and aircraft lifetime. In addition, most previous
studies do not include the cost of introducing the aircraft. Therefore, the environmental impacts of
the change in the increase of the demand for new aircrafts as well as the change in the air
transportation service have not been addressed well. Focusing on Japan, this study explored the
introduction of new passenger aircraft as a CO2-reduction policy. To this end, the lifetime distribution
function for passenger aircraft was specified. Lifecycle CO2 emissions (i.e., aircraft manufacturing
phase and flying phase) and the associated costs (i.e., aircraft purchasing cost and fuel cost) between
1965 and 2019 were then estimated. The results showed that single-aisle aircraft followed a Rayleigh
distribution with a mean of 13.42, while twin-aisle aircraft followed a normal distribution with a mean
of 19.82. From the results, the largest reduction in cumulative lifecycle CO2 emissions was average
lifetime +11 years case in single-aisle aircraft. On the other hand, in twin-aisle aircraft, the largest
reduction in cumulative lifecycle CO2 emissions was average lifetime -8 years case. When the average
fuel intensity for aircraft inflow improves sufficiently, the reduction in direct CO2 emissions in the
flying phase achieved by introducing the early replacement-cycle policy and promoting the
introduction of new fuel-efficient aircraft, is larger than the increase in direct and indirect CO2
emissions in the manufacturing phase. Therefore, airlines should introduce an aircraft earlyreplacement policy to reduce total CO2 emissions if the average fuel intensity for aircraft inflow
improves sufficiently. However, comparing the reduced rate of CO2 emissions and the increased rate
of cost, the introduction of new aircraft was shown not to be cost-effective as a CO2-reduction policy.
If the airline companies act in accordance with scenarios that have the lowest lifecycle CO2 emissions
(i.e., +11 years in single-aisle aircraft and -8 years in twin-aisle aircraft), the cumulative lifecycle CO2
emissions over 55 years decreased 27.6 Mt compared with the baseline, accounting for 2.7% of
baseline emissions. However, in this case, the cost increased by USD 94.1 billion compared with the
baseline. This cost is twice as high as the passenger revenue (USD 42.8 billion) of JAL and ANA in the
previous two years, 2018 and 2019. From these results, this study concluded that extending the
lifetime of single-aisle aircraft and shortening the lifetime of twin-aisle aircraft between 1965 and
2019 was the best option from the perspective of CO2 emissions. However, introducing fuel-efficient
aircraft as a CO2-reduction measure is expensive and moreover, the reduction effect is not sufficient.
Airline companies need to recognize that strategies to reduce CO2 emissions by only replacing aircraft
are costly.
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603: Integration, collaboration and sustainability: Spatial planning practice in the
Dianchi lake basin area, China
1HAO HE, 1ZIWEN HUO, 1SHISHI GUO, 1KEXIAN PENG
1Guangzhou Urban Planning and Design Survey Research Institute, Guangzhou, 510060, PR China
Abstract. From the dimensions of environmental protection, economic development and social justice,
we discuss issues of values integration and governance collaboration while conducts emerging spatial
planning practice in the Dianchi lake basin area in China. Under the principle of ecology in priority, we
put forward a comprehensive planning framework for sustainable development of lake basin areas in
three aspects: find the principles, implement them in planning, establish a participatory mechanism of
supervision and management.

Keywords: values integration, governance collaboration, the Dianchi lake basin area, spatial planning.

1. Introduction
The basin areas have been through a so-called “pollution first, remediation later” way of development
along with industrialization and urbanization (Luo et al., 2019). However, things have changed from
growthism to sustainability in development issues. China is now in a spatial planning reforming period,
which focuses more on ecological protection as “the community of shared life”, for example, the basin
areas.
Against this background, this paper tries to propose a comprehensive planning framework for
sustainable development in lake basin areas on the basis of a real spatial planning project.
2. Materials and methods
2.1 Research area.
Dianchi is the mother lake of Kunming city (Capital of Yunnan province, China), with a basin area of
2920km2. Due to the climate, topography, human constructions and pollutions, Dianchi lake is seriously
deficient in fresh water resources, both in quantity and quality (Jin, 2018). This spatial planning focuses
on the entire territory of Kunming city, especially administrative units involved in the Dianchi Lake Basin
area.
2.2 Research framework.
Environmental protection, economic development, and social justice are the three ‘pillars’ of
sustainability (Smith et al., 2014). However, the trade-offs between them are considerably required in
delivering sustainability (Blackstock, 2009), which reflect values of planners, governments, and
stakeholders.
This study confirms the priority and proposes values integration and planning transmission of the three
aspects. Thus, provides collaborative governance policy to ensure planning implementation.
3

Results

3.1 Values integration under the principle of ecology in priority.
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On the planning work basis, we put ecological value on top priority. Thus, in environmental protection
aspect, we take important ecological areas and socioeconomic growth limit as vital indicators to
determine the urban expansion boundary. In economic development aspect, urban land use and water
utilization efficiency must be improved through industrial upgrading, function replacement. In social
justice aspect, participatory mechanism should be established in order to give chances to different
stakeholders to voice.
3.2 Collaborative governance under the goal of sustainable development
We should propose a collaborative governance mechanism that guarantees sustainable development.
Firstly, we should establish a union league of governance combined with basin and city management
departments, expanding the basin area to regional level. Secondly, a multi-participation mechanism
must be built to coordinate the relationship between governments, enterprises, citizens and civil
organizations. Thirdly, we need to harmonize the interests of different areas within the basin by
ecological compensation policy, index decomposition and space regulation measures. Thus, we
consider the basin as a composite ‘community’ to govern collaboratively.
4 Conclusions and discussions
A basin is a continuous and composite ecological unit which breeds human civilizations. During spatial
planning practice, boundary coordination, development values transformation, and regulatory regime
are important issues.
The Dianchi Lake Basin area has a typically fragile ecological environment. This practice put ecological
value on top priority, set urban development goals and indicators, and establish a multi-participation
collaborative mechanism, thus form a multi-levels, multi-departments and broadly participated
planning framework of sustainable development in basin area (Fig. 1).

Fig. 1. Planning framework of sustainable development in basin area. (Source: authors)
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645: LCA of machining processes for workpieces made of cast-iron and steel
1David Américo Rodrigues, 1Sandro Gabriel Libretti Prestes,2José Augusto de Oliveira, 3Diogo A.
Lopes Silva
1 Federal University of São Carlos (UFSCar), João Leme dos Santos road, km 110 – SP 264, Bairro do
Itinga, Sorocaba, 18565-905, Brazil
2 Center for Advanced and Sustainable Technologies (CAST), São Paulo State University (UNESP),
Campus of São João da Boa Vista, 505 Professora Isette Corrêa Fontão Avenue, São João da Boa
Vista, 13876-750, Brazil
3Research Group on Sustainability Engineering, Department of Production Engineering, School of
Management & Technology, Federal University of São Carlos (UFSCar), João Leme dos Santos road,
km 110 – SP 264, Itinga district, Sorocaba, 18565-905, Brazil
The growing awareness of the importance of environmental protection and the possible impacts
associated with products and processes have increased interest in the last decades to better
understand and deal with the environmental negative impacts of human activities. The Life Cycle
Assessment (LCA) follows the ISO 14040:2006 and ISO 14044:2006 standards and can be used to the
study of environmental management of products and processes. The LCA in the automotive industry
became a relevant topic and more studies are desired in the area of green/sustainable manufacturing
in order to reduce the environmental hotspots towards a sustainable production at the shop-floor
area. The goal of this paper was to evaluate the generated environmental impacts during the
manufacturing processes of forged steel and cast-iron workpieces in a machining center from a
Brazilian company. For this, a LCA study was conducted and the evaluated product system included
two different workpieces and the use of lubrication oil, in a cradle-to-gate approach. The workpieces
were transmissions hubs, and the impacts were assessed with the use of the openLCA 1.0.7 software
tool and its free LCA databases. Resources consumptions and emissions for the two machining
processes were measured as well as the generation of effluents, air emissions, and solid waste. The
machining processes were evaluated in terms of the different applications of lubricants, Flood and
Minimum Lubrication Quantity (MQL) approaches. The impact categories considered for the LCA
included potentials of acidification, eutrophication, climate change, and water ecotoxicity calculated
using the EDIP 2003 method. The results showed that for most of the impact categories the FLOOD
machining was more impactful generating up to 99% of the life cycle evaluated impacts than
compared with the MQL approach. The main environmental hotspots were the generation of high
emissions of CO2 and the consumption of high levels of non-renewable energy sources for the cast-
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iron machining and its melting step, taking into account also the background impacts of this process,
which included pig iron extraction, steep scrap, transporting activities and others. A detailed
comparative LCA of both machining processes can be seen in Figure 1. Finally, as a conclusion the
comparative LCA showed that the MQL machining of the forged steel parts was the best scenario
because of its lowest environmental impacts for all the evaluated impact categories. The cast-iron
showed the highest impacts for all the impact categories than the steel machining process, however,
if the MQL is used for the cast-iron workpieces, the environmental machining impacts would be
minimized a lot. As a limitation, we identified the need for the generation of more manufacturing unit
processes datasets to complete the LCA modelling of manufacturing processes, since most of the
background datasets available in LCA databases and software tools are black-box processes. Unit
process datasets can enhance the quality level of inventory flows than compared with the black-box
processes used for this LCA study, for the cast-iron and steel productions as well as for the lubricant
supply data. Therefore, the LCA databases and software providers should prefer the unit process life
cycle inventories for the manufacturing of products and parts to overcome this gap. As an outlook,
dry machining could be also studied and compared its LCA results with the MQL approach for both
the investigated workpieces.
Figure 1 – Comparisons of the LCA results with a focus on the raw materials and lubrication inputs.
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298: A comparison study on the phytoremediation potential of leguminous plants,
vascular plants, and grain-producing plants for persistent organic pollutants (POPs)
contaminated soil
Emily Yi Wai Chiang, Stephen Vanderburgt, Jinghan Zhao
Persistent organic pollutants (POPs) are one of the major concerns in the environmental community as
they are persistent in natural enviroment, bioaccumulative in the ecosystem, and toxic to humans and
wildlife [1][2]. Phytoremediation is an applicable bioremediation technology, which is cost-effective and
eco-friendly. It aims to reduce the bioavailability of the contaminants in soil by translocating or
degrading the targeted pollutants.
The goal of this study is to compare the phytoremediation potential on
Dichlorodiphenyltrichloroethane (DDT) of three hyperaccumulator varieties: leguminous plants
(soybean), vascular plants (zucchini), and grain-producing plants (spring rye). The work was carried out
in microplots（0.50 m2）which contains weathered DDT-contaminated soil. The soil used was surface
soil collected from fields with DDT concentration at 0.07 ± 0.02ppm, and the microplots were setup
under natural climate conditions to simulate the natural growth of plants.
Mature plants were collected and separated into different compartments for DDT analysis to
understand the translocating pattern and degradation behaviour in plants. The DDT concentration was
quantified by Gas chromatography-mass spectrometry (GC-MS), and the DDT distribution in plant
compartments was determined. Bioaccumulation factors were calculated to compare the
phytoremediation abilities of different plant species. Rhizospheric soil samples were collected and
analyzed to investigate the effects on the rhizosphere remediation by leguminous and non-leguminous
plants. The rhizodegradation potential of legumes was evaluated by investigating the metabolic fate of
DDT in plants. One-way ANOVA was conducted to analyze the significant differences between control
and different remediation groups.
Keywords: Soil, Persistent organic pollutant, DDT, Phytoremediation, Microplots, Leguminous plants,
Rhizosphere.
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Day 5 Session 5: Environmental and sustainability
assessment 3
592: Absolute assessment of mineral and metallic resource dissipation: Application for
the life cycle of schools
Wafaa Baaboua*, Anders Bjørnb and Cécile Bullea
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b : Concordia university
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1. Introduction.
The objective of the present work is to develop a methodology for the absolute assessment of the
dissipation of mineral and metallic resources and to explore allocation to a specific type of building.
The assessment of the environmental impacts of the dissipation of mineral and metallic resources in
the life cycle assessment (LCA) is under discussion [1]. One of the main issues is to define clearly
what is the appropriate area of protection (AoP): what do we really want to protect? Unlike for
human health and ecosystem quality AoP for which life is protected, which has an intrinsic value,
resources are considered as having an instrumental value [2]. This is quite a vague concept when time
comes to quantify it. We consider that what has to be protected is the access to the services that the
resource provides without exceeding a dissipation rate above which this access is compromised. The
problem is how to define this dissipation budget that allows maintaining mineral resources function
fulfilling. This idea of a budget that allows protecting an AoP is, to some extent, similar to the LCA
absolute approach recently adopted by some authors [3].
Based on a functionality approach [4], what is the global budget for materials dissipation? where the
actual dissipation rate is positioned vis-à-vis this budget? and how to allocate this budget to a building
type? These are our main research questions.
2. Material and methods.
We define the budget of mineral resources dissipation as the dissipation rate carrying capacity
(WDRcc) that would allow to maintain the reserve until the entire adaptation of users. The adaptation
time is estimated based on the availability of substitutes for different functions fulfilled by the
resource. We used two different allocation approaches, the equal per capita and grandfathering, to
allocate a fraction of the WDRcc to building sector (WDRcc,per cap,B). An allocation per a type of
building is explored in the case of schools in Canada (Figure 1).
3. Results.
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The actual world dissipation rate (WDR) of main materials exceeds the overall budget: 3 times for
copper, 7 times for manganese, and 10 times for the iron. The assigned budget to building sector and
schools depends on the availability of alternatives for this specific function.
4. Conclusions.
In this exploratory work, we propose an approach to determine a global budget for sustainable
mineral and metallic resource dissipation, which a society can withstand without experiencing a
negative impact on human welfare. We explore allocation to a building type, to enable actions to be
taken at the scale of the building which is considered the major consumer of this type of resources.

731: Integration of Artificial Intelligence and Life Cycle Assessment Methods.
1*

José de Jesus, 1Karla Oliveira-Esquerre, 1Diego Lima Medeiros
1
Federal University of Bahia (UFBA), Growing with Applied Metrics and Mindful Analysis (GAMMA),
Industrial Engineering Program (PEI). Professor Aristídes Novis Street, 02, Federação, 40210-630,
Salvador, Bahia, Brazil.*Corresponding author: jose.oduque@hotmail.com
Abstract. Abstract. Artificial Intelligence (AI) techniques support environmental tools based on the
growing availability of data and information, aligning the concepts of data modeling and analysis. The
Life Cycle Assessment (LCA) is an environmental tool that requires a larger volume of data to measure
the performance of a product and to simulate the proposed scenarios that improve its performance.
This research reviewed studies using AI techniques and their intersection with data mining (LCA). This
study identified some AI techniques used in studies (ACL). However, there is a lack of literature (LCA)
using techniques (AI), despite the benefits of integrated modeling. The results show that different
algorithms are used to build (LCA) models. The algorithms of the studies act from the identification of
the problem to the solution stage and the integration between ((AI) and (LCA) makes it possible to
build predictive models of machine learning, enabling assertiveness in decision making.

Keywords: Artificial Intelligence, Life Cycle Assessment, Integrated Assessment Models.

29: Overthrowing the Tyranny of Economics
Patrick Leach, Adjunct Faculty, Colorado School of Mines
We are using the wrong metrics to judge the success or failure of our businesses and our societies.
Every country on earth tries to achieve ever-increasing economic growth as measured by Gross
Domestic Product (GDP), but GDP measures nothing more than economic transactions. Whether
those transactions leave society, the country, and the world better off or worse off is not taken into
consideration. Since the 1980s, environmental regulations in the United States have had to meet
economic benefit-cost analyses, with those benefits and costs typically measured in terms of Net
Present Value (NPV). But NPV calculations discount future benefits and amplify near-term costs; as a
result, eminently sensible regulations to prevent long-term environmental degradation are often
deemed to be “too costly.” Economists and politicians frequently sound the alarm over plummeting
worker-to-retiree ratios, especially in China in the wake of its One Child policy. But maintaining a high
worker-to-retiree ratio requires an ever-growing population, and with it, an ever-increasing
consumption of resources – an obviously unsustainable outcome.
The distortion caused by the lens of economics is especially dramatic when it comes to human
interactions with the natural world. The natural world is not governed by the laws of economics; it is
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governed by the laws of physics, chemistry, and biology, and it is analyses in those disciplines that
should guide environmental decisions. Traditional economic metrics encourage short-term thinking
and have warped our perception of value. Economic analysis encourages farmers in California’s arid
Central Valley to grow almonds, a very thirsty crop. Many communities offer few or no recycling
services because “it doesn’t make economics,” even though in the long run, re-using materials is
obviously more sustainable than constantly consuming new materials and throwing them away. Some
economists seem to be oddly complacent about the future sea level rise associated with global
warming (or any other phenomenon of which the worst impact will be decades down the road)
because over such a long time frame, even a modest rate of saving will result in a very large fund to
mitigate whatever crises emerge. The notion that with enough money, we can mitigate any
environmental disaster is misguided at best, and dangerous at worst.
More fundamentally, decisions regarding what kind of planet we will leave for future generations
should be rooted in our values, not in some financial calculation. If we believe future generations
should have access to forests, then forests should be preserved, regardless of how much money could
be made by cutting the trees down. Economic analyses can give great insights into how to achieve our
objectives most efficiently, but they are not the appropriate basis on which to decide what we should
do.
This paper will propose a different set of metrics and objectives by which society can judge itself
when making decisions regarding humanity’s interactions with the natural world, replacing Gross
Domestic Product, Net Present Value, benefit-cost analyses, and the like with metrics rooted in
societal values and based on developing solutions to human problems and making those solutions
widely available. It will draw on the works of Eric Beinhocker, Nick Hanauer, Peter Bakker, William
Nordhaus, Jared Diamond, Paul Hawken, and others in the fields of environmental economics.

244: Variability of Material Intensity Between Residential Buildings
1Aldrick Arceo, 1Shoshanna Saxe, 1Heather L. MacLean
1Department of Civil & Mineral Engineering, University of Toronto, Toronto, Canada
Abstract
This research investigates the variability and uncertainty in material intensity across the large
heterogeneous stock of buildings in a city. The built environment (buildings, infrastructure) is
increasingly recognized as both a primary driver of resource use - and associated environmental
impacts - and a potential source for future resource recovery (e.g., through urban mining).
Accordingly, understanding resource use in the built environment is receiving increasing attention.
However, most past studies of construction resource use in buildings have used average material
intensity values to represent the entire building population (Kleemann, Lederer, Rechberger, &
Fellner, 2017; Tanikawa & Hashimoto, 2009), reducing the large heterogeneity in the building stock to
easy to use, easier to calculate values of material intensity.
Using single value indicators produces uncertain results as it does not fully capture the characteristics
of the entire building population that differs in age, construction process, and type. Accounting for
uncertainty is increasingly standard practice in resource flow studies (e.g., MFA, LCA) but has largely
been overlooked in studies on the built environment. Our study improves on previous assessments as
we analyzed the scale of variability of the material intensity for 100 residential buildings in Toronto,
Canada, and identified the key drivers that impact the discrepancy in the intensities.
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The residential buildings are located throughout the city, include low-rise, mid-rise, and high-rise
buildings, and consist of buildings renovated and newly constructed between 2010 and 2019. Toronto
was selected as a case study because of publicly available data from the City of Toronto Committee of
Adjustment and from our industry partners. The raw data is available as construction drawings;
material quantities were calculated from the drawings using material take off. The material take off
involved dividing each building into elements, which include foundations, floors, roof, external walls,
internal walls, windows, doors, and finishes, and inventorying the construction materials for element.
Only structures and envelopes of residential buildings were included as previous studies suggest that
these two elements combined account for the largest weight in residential buildings. When not
labelled, AutoCAD 2020 was used to measure missing dimensions and the Ontario Building Code was
used as a guide for unclear or incomplete material or building element specifications. We aggregated
the resulting material quantities for the 100 buildings, normalized them per 1 m2 of floor area and
calculated the material intensity. We then statistically examined the ranges and variations as well as
determined potential drivers of discrepancies. To assess one environmental impact from resource
use, we calculated the embodied carbon for each building using the estimated material intensity and
embodied carbon coefficients available from Canadian Environmental Product Declarations (EPDs)
obtained from OneClick LCA software. Sensitivity analyses were conducted to determine the impact
of uncertainty in the material take offs and the variability in the embodied carbon coefficients on the
aggregated material intensities and embodied carbon.
This research contributes a new dataset to the study of urban material intensities and is one of the
first to examine the impact of variability and uncertainty on our understanding of building material
intensities. We identify drivers of variability and uncertainty that can be used to inform future studies
on building material use.
Keywords: Material intensity; Embodied carbon; Residential; Building; Toronto

669: Developing a decision support tool for PFAS water treatment
Authors: Cameron Oden, Marina D’souza, Sherri Cook
Abstract: Due to widespread PFAS contamination, water utilities and remediation efforts need to select
cost-effective treatment processes to ensure the health and safety of both the population and
environment. While several treatment technologies have been successfully employed to treat PFAScontaminated water, we currently cannot compare between different technologies when considering
economic, environmental, and social considerations No studies have yet taken a comprehensive
approach to decision making to determine the best treatment technology for a given application, taking
into account the stakeholders goals and needs. Further, no tools have been developed to assess
treatment performance under different environmental conditions. PFAS concentrations can vary widely
by contamination source and location, with background water quality also affecting treatment. In
addition, several states have set their own limits for individual PFAS or mixtures, making direct
comparison between processes difficult due to variations in treatment performance.
To this end, we are developing a decision support tool that combines treatment performance process
modeling, social and health considerations, life cycle costing (LCC), and life cycle assessment (LCA) to
allow users to comprehensively compare granular activated carbon (GAC), anion exchange resin (AER),
reverse osmosis (RO), and nanofiltration (NF) for the treatment of PFAS in water. First, the user inputs
design values (flowrate, filter sizing), water quality data, and treatment objective (effluent PFAS
concentrations). The tool then calculates GAC and AER breakthrough curves of selected PFAS to
determine media replacement rates based on the identified treatment objective. Inventory data is
generated for all treatment processes which includes the lifetime costs, treatment performance,

198

operation, maintenance, and life cycle inventory associated with each treatment process. That data is
then evaluated in regard to decision criteria under the categories of affordability, facility operation,
effluent quality, global environmental and human health, and global warming. The decision criteria
weights (percent contribution) are selected by the user to reflect stakeholder’s priorities and goals. The
various decision criteria are then combined into a single, weighted score (i.e., recommendation) for
straightforward comparison by the user.
To better understand the trade-offs between GAC gravity basins, GAC pressure filters, AER filters, RO
systems, and NF systems, several representative scenarios will be analyzed that include different
flowrates, PFAS concentrations, regulations, and stakeholder weightings. For example, we will compare
treatment processes in high concentration scenarios (i.e., AFFF-contaminated groundwater with total
PFAS of 5,000 ng/L) and low concentration scenarios (i.e., contaminated drinking water source with
total PFAS of 100 ng/L). In addition, different groundwater and drinking water regulations will be
evaluated (e.g., Massachusetts’s MCL of 20 ng/L for the sum of six PFAS; EPA’s health advisory level of
70 ng/L for PFOA and PFOS combined). This decision support tool will be beneficial to water utilities
and remediation efforts, allowing the user to quickly compare different technologies based on water
quality parameters and treatment objectives. Additionally, the user will be able to account for
economic, environmental, and social implications when selecting technologies to support sustainable
decision making.

674: Design of a Small-footprint Wastewater Treatment and Energy Recovery Process
for Biorefineries
1,2Yalin Li, 1,3George Kontos, 3Nickolas Avila, 4Daniela Cabrera, 1,2,5Mothi Viswanathan,
1,2,5Vijay Singh, 4Rodrigo Labatut, 1,2,3Jeremy Guest
1Institute for Sustainability, Energy, and Environment, University of Illinois at Urbana-Champaign
(UIUC)
2DOE Center for Advanced Bioenergy and Bioproducts Innovation (CABBI), UIUC
3Department of Civil and Environmental Engineering, UIUC
4Department of Hydraulic and Environmental Engineering, Pontificia Universidad Católica de Chile
5Department of Agricultural and Biological Engineering, UIUC
Abstract. Bioenergy and bioproducts are crucial to curb global warming within 1.5°C above preindustrial levels, but current research on biorefineries has been predominantly focused on feedstock
processing (e.g., pretreatment and conversion) and/or product upgrading, separation, and purification
units. In most research, the fate of biorefinery wastewaters has largely been overlooked or treated with
significant simplifying assumptions (e.g., cost scaled based on wastewater flow rate and chemical
oxygen demand [COD]). Out of the few existing studies that included the design of a wastewater
treatment process, low-rate, large-footprint technologies with high operational costs were used (e.g.,
multiple anaerobic and aeration basins with each up to millions of gallons for a second-generation
biorefinery), resulting in elevated costs and environmental impacts (e.g., the treatment process
accounting for around 20% of the total installed equipment cost and electricity usage) that
substantively undermined the sustainability of the biorefinery.
Beyond reducing cost, optimizing the treatment and recycling of the wastewater is critical for
biorefineries due to the large amount of water required in many of the processing technologies (e.g.,
enzymatic hydrolysis of cellulose, fermentation). Moreover, this biorefinery-derived wastewater is also
rich in organics (e.g., COD typically being two orders of magnitude higher than municipal wastewater),
thus representing a substantial amount of energy that can be recovered for biorefinery operation (e.g.,
biogas from anaerobic digestion for heating and/or electricity production) and/or revenue generation
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(i.e., through sale of surplus electricity). However, as multiple inhibitory species (e.g., ammonia,
hydrogen sulfide) may have been introduced into the wastewater matrix due to chemical addition
and/or chemical and biological conversion, the viability and extent of energy recovery need to be
experimentally demonstrated for a robust design.
In this study, we apply a combination of experimental research, system design, and sustainability
analysis to investigate the implications of using small-footprint technologies for the treatment of highstrength wastewater from biorefineries. We perform comprehensive characterization (e.g., solids, COD,
total organic carbon, ions, metals) of water samples including the juice and spent broth of wild-type
and genetically modified (with elevated triacylglycerol content in the plant tissue) sugarcane
feedstocks, where the juice is generated by mechanical pressing of the feedstock and the spent broth
is generated through yeast fermentation and ethanol removal (similar to processes in the biorefineries).
Further, we experimentally examine the biochemical methane potential (BMP) of these water samples
to faithfully account for the energy recovery potential through anaerobic digestion.
Based on the experimental data, we design a new wastewater treatment process with an internal
circulation reactor for primary organics removal, an anaerobic membrane bioreactor for polishing, a
reverse osmosis unit for salt removal, and dewatering units (belt thickener and centrifuge) for sludge
management. We further put the wastewater treatment process in context by integrating the process
into biorefinery design as well as mass and energy balances using BioSTEAM – an open-source platform
for the design, simulation, and sustainability analysis of biorefineries. Through techno-economic
analysis (TEA) and life cycle assessment (LCA) across a large space of potential process designs and
operating performance, we are able to quantify the implications of the designed process on the
sustainability of the biofuels and bioproducts via financial (e.g., minimum ethanol selling price) and
environmental (e.g., global warming potential) indicators, and we further identify the cost and
environmental impact drivers of the process for future research. Overall, with detailed wastewater
samples characterization, experimental BMP evaluation, and TEA/LCA across a large design and
operating space, this study illustrates how energy recovery from wastewater through emerging smallfootprint technologies can enhance the sustainability of biorefineries and contribute to the
advancement of bioeconomy and other industries (e.g., pulp and paper mills).
Keywords: high-strength wastewater, internal circulation reactor, anaerobic membrane bioreactor,
techno-economic analysis, life cycle assessment

Day 5 Session 6: Sustainable consumption and
production
405: Towards a low-carbon transition of U.S. household consumption
Kaihui Song1, Giovanni Baiocchi1,2, Kuishuang Feng1
1Department of Geographical Sciences, University of Maryland, College Park, MD 20742, USA
2Department of Economics, University of Maryland, College Park, MD 20742, USA
Extended Abstract
Demand-side climate efforts can be significant complements to the prevailing supply-side solutions to
achieve stringent climate goals. Recent research has shown that demand-side solutions have the
benefit of having lower socioeconomic costs and fewer environmental risks than many supply-side
technologies. The carbon-intensive lifestyles of U.S. households are reported to have great potential
of achieving prompt emission reduction up to 20% to contribute to mitigation efforts. Despite that
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research shows that the GHG greenhouse gas (GHG) emissions in the U.S. have peaked and declined,
the latest report from U.S. Energy Information Administration (EIA) shows that the GHG emissions
from natural gas and petroleum in 2018 reversed after reduction for half decade due to increased
demand of heating, cooling and driving. It is still unknown whether the U.S. households can undergo a
low-carbon transition from the demand side, nor how it is affected by different levels of household
income. This study quantifies the temporal dynamics and contribution from different consumer
groups, which are two important dimensions of demand-side measurement missing from the current
literature. To this end, we incorporated the consumer expenditure survey (CES) with an input-output
framework to analyze the change of domestic U.S. household consumption and its climate
implications in 2001-2015. We used IMPLAN data which cover the U.S. trade networks detailed to 536
sectors, and reported our results in 48 consumption categories derived from CES. The inequality of
household expenditure and GHG emissions are analyzed for five distinctive income groups during a
period of 15 years. We further explore the inequality of household expenditure and inequality of
carbon footprints to address equity issues in the implementation of demand-side climate mitigation
solutions. The supply-side GHG emissions from the 536 sectors are estimated with IPCC 2006
methodology.
The results show that household expenditure and associated GHG emissions show robust evidence of
decoupling effects. The annual decreasing rate of GHG emissions from household demand
perspective is approximately 1.5%. The decline in GHG emissions from U.S. households was mainly
contributed by the decreased consumption of gasoline and electricity, which are identified as carbonintensive products. Meanwhile, the increase of household carbon footprints was dominantly
contributed by the top 20% income households, while the middle and middle-high income
households led the emission mitigation after 2010. The carbon inequality shows divergence
compared to the inequality in expenditure. The carbon inequality is largely contributed by GHG
emissions associated with service, goods, and transportation; in contrast, GHG emissions from food
and housing have a relatively lower inequality level. In terms of consumer groups, the carbon
inequality shows an increasing trajectory was mainly due to the increased consumption from highincome households.
Our study shows that American household consumption is undergoing a low-carbon transition,
resulting from the changes in consumption volume and a shift in composition. However, the effects of
socioeconomic factors and changes in demographics, demands further attention. The demand-side
low-carbon transition should consider the relevance of socioeconomic factors and the effectiveness
of policy instruments, as well as the inclusion of equality in developing demand-side climate
strategies. This study establishes that to facilitate the demand-side low-carbon transition policies
should be targeting high carbon-intensive consumption products and households with large carbon
footprints. The development of mitigation policy should also be informed by the recent lifestyle trend
and its dynamics in order to promote behavioral change.

Figure 1 U.S. household carbon footprint change across income groups in 2001–2015
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297 A Quantitative Approach for Product Disassemblability Assessment
Ammar Ali, Christian Enyoghasi, and Fazleena Badurdeen
Department of Mechanical Engineering, University of Kentucky, Lexington, KY 40506, United States,
Abstract: A majority of the products get discarded at end-of-life (EoL) causing environmental pollution
and resulting in a complete loss of all materials and embodied energy. Adopting a closed-loop
material flow approach can aid prevention of such losses and enable EoL value recovery from these
products. Design and engineering decision choices and how products are used impact the capability
to implement EoL strategies such as disassembly. Some underlying factors affecting the capability to
implement product disassembly have been discussed in previous studies. However, relevant metrics
and attributes are not well defined and comprehensive methods to quantitatively evaluate
disassemblability is lacking. This study will first identify key lifecycle-oriented metrics affecting
disassemblability. Then a methodology is proposed for the quantitative evaluation of
disassemblability considering the quality of returns, product-design characteristics and process
technology requirements. Finally, an industrial case study is presented to demonstrate the application
of the proposed method.

Keywords: end-of-life, disassembly, product design, process technology

672: Has China's new energy vehicle industry shifted from government-driving to
market-driving?
1Jingjing Li, 1,2*Jianling Jiao, 1,2Yu Bai
(1. School of Management, Hefei University of Technology, Hefei Anhui 230009, China;
2. Research Center of Industrial Transfer and Innovation Development, Hefei University of
Technology, Hefei Anhui 230009, China)
Corresponding author: Jianling Jiao
E-mail address: jianljiao@126.com
Abstract:
Benefiting from policy support, China has become the world's largest new energy vehicle (NEV)
market. To explore whether China's NEV industry independently compete for market or still need
continuous support from government-driving policies, combining with text mining and double-layer
network method, this paper innovatively constructs a policy driving force index to analyze the
themes, policy driving forces, agencies cooperation. The following conclusions are drawn. According
to the development characteristics, the development of NEV industry policies can be divided into four
stages. The NEV industry has experienced from government-driving to government-market doubledriving. At present NEV industry cannot achieve sustainable development relying on market forces
alone, and the government-driving policies overwhelm the market-driving policies. The number of
participating agencies and the extent and depth of cooperative relations have been continuously
improved. However, the cooperation between different agencies is inefficient and loose, lacking an
effective communication mechanism.
Keyword: New energy vehicle industry; Policy driving force index; Text mining; Double-layer network;
Double-driving

52: LINKING PERSONAL VALUES TO DISPOSAL PRACTICES OF HOUSEHOLDS IN GHANA:
A SPOTLIGHT ON WASTE ELECTRONIC APPLIANCES
Mr. Daniel Ofori
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2 Dr. Abigail Opoku Mensah
1,2 School of Business, University of Cape Coast, Ghana
Abstract
Among the solid waste produced by households, management of waste from electronic and electrical
equipment in our homes has economic, social and environmental implications. Pro-environmental
behaviour often implies acting on considerations of personal values. The study aimed at proposing
strategies to promote sustainable disposal practices among households. The study specifically
examined the Values that accounted for environmentally significant behaviours, namely: biospheric,
egoistic, social-altruistic and hedonic values and their influence on disposal practices of households.
Via a cross-community survey of 380 heads of households in the Cape Coast Metropolis, the
multinomial logit model, which theoretically assumes that household would choose a disposal
strategy among different alternatives that yields maximum utility, was used to analysed the data set.
The study revealed that social-altruistic and biospheric values were highly correlated with disposal
practices considered sustainable. Altruistic and hedonic values recorded varying levels of influence
depending on the disposal practice in question. The study also revealed that biospheric values were
mainly high among households with high level of awareness of the state of the eco system. The study
recommended that policies aimed at promoting sustainable disposal of households should highlight
biospheric, altruistic values and awareness creation.
Key words: Values, Electronic Waste, sustainable disposal, households
605: Impact of China Pakistan Economic Corridor on Sustainable Energy Consumption of Pakistan:
Evidence from Sectoral Analysis

Zafran Ahmad, Syed Shujaat Ahmed, Chao Liu, Chao Wang
Abstract: Energy is considered as one of the cores and integral part of economic order for any country
because energy demand and economic growth share a tight bond. Like number of developing
countries Pakistan faced acute energy deficit. Energy is primarily generated from an energy mix that
includes oil, gas (natural gas and liquefied natural gas, LNG), coal, renewable sources (solar, wind and
hydro energy), nuclear, and biomass.
Pakistan’s 64 percent of energy comes from thermal (fossil fuels), 27 percent from hydro and 9
percent from renewable and nuclear.
As per the statistics released by International Energy Agency (IEA) in 2017, 74 percent of the Pakistani
population-around 154 million people accessed to electricity whereas, 51 million people had no
access to electricity.
Thus, looking into the case of Pakistan it has overcome a severe energy crisis which affected all
sectors of the economy especially in terms of the evolving-energy-mix. Specially looking into the near
past of 2008-13 where number of industries were closing down the businesses because of energy
shortages resulting in higher cost of inputs/production. To fix such challenges for smooth delivery of
energy services, number of projects with great political optics were initiated to the supply side in
between 2013-18.
Being one of the core strengths of economy of Pakistan, China Pakistan Economic Corridor (CPEC) is a
strategic economic project to enhance economic connectivity and cooperation between Pakistan and
China. Under this project cooperation is enhanced in energy, infrastructure, Gawadar, Special
Economic Zones and Social Sector Development Projects.
Under CPEC major investment is directed towards the construction of power projects to produce
17045 MW of electricity in Pakistan in which 10,400 MW of electricity generation capacity is to be
installed on priority basis to tackle energy crisis in Pakistan. Most of the electricity generation projects
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are based on coal and hydel technologies. All coal-based projects will run on imported coal except
two power projects, which will run on local coal with the capacity of 1980 MW. With the
establishment of all power projects by 2020 and energy imports by energy tunnels will increase the
energy supply security in Pakistan.
With this supply of energy over the period CPEC is expected to add 2.5 percent into the current GDP
and its growth to 7.5%.
Based on this demand and supply system along with projects initiated under CPEC, objective of this
study is to forecast the impact of CPEC related activities on overall and sectoral energy consumption
and their saving potential in Pakistan by 2030.
This study implies IPAT theory developed by biologists, environmentalists and econologists in 1970.
This theory represents the impact (i) of population (p), affluence (A) and technology (T) on the
environment in a multiplicative form; affluence represents the per capita economic activity and
technology is the impact per unit of economic activity.
Further to strengthen the findings support from time series techniques will be taken. These
techniques will help us to determine the long-term relationship between energy consumption and its
determinants at aggregate and sectoral levels and forecast future energy demand using scenario
analysis. For this purpose, study will take into the account data aggregate energy consumption which
is measured in tons of equivalent (TOE), Gross Domestic Product (GDP), trade openness and Foreign
Direct Investment (FDI).
Based on the analysis and development of framework, this study will take into the account long term
relationship between energy consumption and its underlying factors at aggregate and sectoral level
and investigated the impact of CPEC on future energy consumption by 2030. Results and situations
further reveal that Pakistan will experience approximately increase in energy consumption over the
period in 2030 in comparison to the 2013 and prior to signing of the CPEC agreement. CPEC related
economic activities while depending on the energy related activities will boost energy consumption.
Further in comparison to the pre-signing of the CPEC agreement energy consumption in industrial and
commercial sectors will increase over the period respectively.
Findings of this study is also going to reveal more insight in th energy loss which is going to increase
with the increase in energy consumption. Commercial gains in energy saving potentials can thus be at
increasing trend.
Therefore, early harvest projects particularly energy ones under CPEC is expected to meet the
increase in electricity demand and reduce the existing energy shortages, innovations in the
technology to prevent negative environmental impact.
In this context, loss in overall energy saving potential has a call for targeted energy conservation
policies. Energy conservation should be made part of the overall energy policies with the energy
intensity targets to be implemented for different sectors of the economy to realize its overall energy
saving potential and energy policy should aim to introduce sustainable energy consumption.
Need for the government is to make careful accounting and related planning to account for potential
increase in energy demand due to CPEC related economic activities for each sector of the economy.
Furthermore, as the increased economic activity under CPEC is expected to carry environmental
implications.

393: Simulation and Energy Consumption Analysis of Energy Storage Fresh Air System

in Different Climate Regions
Jingwen Pang, Jun Wang
Abstract: Fresh air system plays a significant role in indoor air purification, and energy-saving fresh air
system meets the inherent needs of national green energy-saving buildings. In this study, Harbin,
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Tianjin, Shanghai, Guangzhou and Kunming are the main representative cities of China's five climate
regions. CFD simulation analysis method is used to determine the energy consumption law of air
conditioning fresh air system under the conditions of residential buildings using clean fresh air
system, total heat recovery fresh air system, total heat recovery fresh air system and phase change
material combined total heat exchange fresh air system respectively. The results show that the
energy-saving effects of the above three fresh air systems are improved in turn. This study provides
theoretical guidance for the application of phase change materials in fresh air system of total heat
recovery.
Key words: fresh air system; CFD; phase-change material; energy consumption

Day 5 Session 7: Circular Economy 2
61: Proposal for integration of circular economy within product portfolio
management
1 Daniel Jugend, 2 Paula de Camargo Fiorini, 1 Débora Amarante Teles, 3 Fabiano Armellini,
1 Marco Antonio Paula Pinheiro
1 Production Engineering Department, São Paulo State University (UNESP), Brazil
2 Department of Business Administration, Federal University of Sao Carlos (UFSCar), Brazil
3Department of Mathematics and Industrial Engineering, Polytechnique Montréal, Canada
Abstract:
Although current studies are pointing to the circular economy (CE) as one of the main trends
for sustainable production and consumption systems, little is known about its applicability
within new product development (NPD). In particular, there is a lack of studies connecting
CE to product portfolio decision in early stages of the NPD process. Through a systematic
literature review, this study aims to propose a framework that integrates CE practices and
methods into product portfolio management (PPM). In combination with the well-known
and traditional methods of PPM literature, the framework presented introduces the use of
CE-based practices and methods to analyse the potential of product design concerning
aspects such as durability, reuse, upgrading, remanufacturing, recyclability, recovery,
product service system application, among others. The proposed framework brings
theoretical and managerial implications by sharing management methods and practices
towards a product portfolio aligned with the principles of circularity.
Keywords: circular economy, new product development, sustainable design, product design,
product portfolio management.

300: Exploring photovoltaics end of life management with agent-based modeling of
circular economy strategies
Julien Walzberg, Alberta Carpenter, Garvin Heath
Strategic Energy Analysis Center, National Renewable Energy Laboratory, Golden, CO
Abstract:
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Solar photovoltaics (PV) installed capacity have grown exponentially since the early 2000 with
an average annual growth rate of 50%. With a projected installed capacity of 4700 GW by
2050 – roughly enough to meet the 2018 United States (US) electricity demand – the volume
of PV panels waste is also expected to become substantial. While renewables are a sine qua
non to the establishment of a truly circular economy (CE), the challenge arising from their
end-of-life management has yet to be resolved. The management of PV end-of-life also
represent a singular opportunity to create value, due to its potential to recover valuable, rare
or critical materials (e.g. silver, tellurium, indium). Moreover, the PV case illustrates some of
the current barriers to CE, namely the need for a common definition of waste (PV are defined
as e-waste in the European Union but as general waste in the US) and the dilemma arising
from potential loss of innovations’ advantages (PV average efficiency has continuously grown
the past 10 years).
In this study, an agent-based model (ABM) is proposed to simulate end-of-life management
of PV in the United States. The model aims at exploring how the decisions of the various actors
involved in handling PV waste affect the quantities of PV that are reused, recycled or
landfilled. In the model, PV producers, residential and non-residential consumers,
refurbishers, and recyclers are represented by agents while governmental policies and
regulations are treated as exogeneous variables. PV-market data are used to define agents’
characteristics such as installed PV capacities or producing costs. Agents’ decision rules draw
on the literature related to industrial symbiosis as it appears as the most widely used model
to implement CE principles at a meso level. Specifically, the concepts of mutual trust between
IS actors and knowledge about the industrial symbiosis philosophy are central to the agents’
decision process. Finally, machine learning techniques are used to explore the model’s
parameter space, allowing for the identification of potential trade-offs amongst CE strategies
and tipping points to fully closing the loop.
The costs and volume of waste associated with each end-of-life pathway are the primary
outputs of the ABM. Preliminaries results are in line with current literature and show that
recycling of residential PV is affected by the cost, perceived difficulty of recycling behaviors
and social norms. Moreover, the type of network connecting agents strongly influence
results. The figure below shows how the model enabled the identification of a tipping point
(where model’s outputs are highly variable) when assuming a small world configuration. This
tipping point disappear, however, under the assumption of a fully connected network. This
result further demonstrates the relevance of nurturing niches of actors for the transition
towards a more circular economy. The model also enables illumination of the critical role
played by the timing of recycling behaviors adoption: in case of early failure of PV, recycled
volumes increase by about 40%. This represents an additional 5.7 billion USD from potential
recovered silver. Finally, although results for the PV case are presented here, the developed
ABM aims at being a general tool for the study of CE strategies. Further steps of this research
include extending the model to encompass more end-of-life management actors and circular
economy strategies (e.g., design for recycling or lifetime extension) and validating its general
architecture from various case studies.
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Figure: Residential recycling behaviors for two different network configurations, figure inset
represent the network of agents (blue agents landfill PV at end-of-life, green agents recycle at endof-life) – PV capacity installation growth rate = 2.5%, PV waste generation modeled with a Weibull
function with a shape parameter = 5.4 and lifetime = 30 years, PV installed capacity prior to 2020
from market data, initial recycling rate = 30%, number of agents = 100, perceived difficulty = 0.75,
agents’ independence = 0.25, number of replicates = 10 – model available on:
https://gitlab.com/juwal/cesx2tool

313: Mineral Carbonation as a Design Project for Green Chemical Engineering
Education
Hugo Fantucci, Rafael M. Santos
University of Guelph, School of Engineering
Abstract:
Accelerated mineral carbonation is a promising CO2 sequestration technology that is
strongly linked to concepts of sustainability and Green Chemistry, and its process
requirements apply principles of reaction kinetics, transport phenomena, and materials
characterization. The present work aimed to develop educational tools for including
accelerated mineral carbonation in chemical engineering curricula. To this end, an
experimental investigation laboratory procedure and a design project outline have been
conceived. As a way to further engage students in this learning experience, the process
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conditions for the laboratory work are varied between groups of students, and the
experimental data obtained are pooled to be used by every group for the subsequent design
exercise. This is meant to give students motivation to generate accurate data that they
knew would be useful for the entire class and, at the same time, provide students with the
opportunity to use data generated by colleagues, much in the same way the design work is
done in the industry. In the design project, students use the experimental data obtained by
themselves and classmates on the accelerated mineral carbonation of wollastonite, to
determine if this is a feasible process for industry to sequester carbon dioxide, in view of
mitigating climate change. Also, they use the experimental data, acquired using a range of
process conditions, to study the effect of the process variables (CO2 pressure and mixing
rate) on the carbonation kinetics and mass transfer rate. The focus of our previously
published article was on the experimental investigation [1], while the focus of this
conference paper is on the design project.
Keywords: mineral carbonation; reaction kinetics; mass transfer; process design; green
chemical engineering; climate change mitigation.

102: Sewage sludge management options and civil society stakeholders’ influence:
first evidence from Italian cases
Alessandra Neri *, Enrico Cagno, Paola Maria Garrone
Department of Management, Economics and Industrial Engineering, Politecnico di Milano,
Milano, Italy
* Corresponding author alessandra.neri@polimi.it
Abstract:
Sewage sludge management is a pivotal process in the path toward sustainability,
broadening the scope of wastewater treatment from removing pollutants to recycle and
recover resources. Water utilities can choose among several management options and
treatment technologies. The paper focuses on the possible influence of civil society
stakeholders on the decision-making process of water utilities. Two Italian cases that have
prioritized different management options are studied. As the Member States are following
different policy trajectories within the common frame of European Directives, and Italy is
still in the process of reforming current sludge regulations, the study also investigates the
role of regulatory uncertainty. First results show how the investigated water utilities look at
other Countries for robust solutions and select the less risky in terms of civil society’s
acceptance. Communication and involvement of civil society appear to be an important
asset to mitigate possible negative relationships.

211: Keywords Sewage sludge Management, Sewage sludge Recovery, Circular
Economy, Wastewater Utility, Civil Society Stakeholders, Cases.
Long-term Historical Metabolism of Cobalt in the EU’s technosphere
1María Fernanda Godoy León, 2, 3Gian Andrea Blengini, 2, 4Cristina T. Matos, 1Jo Dewuf
1Research Group Sustainable Systems Engineering (STEN), Ghent University, Coupure Links
653, 9000 Ghent, Belgium
2European Commission, Joint Research Centre (JRC), Directorate for Sustainable Resources,
Land Resources Unit, Via E. Fermi 2749, 21027 Ispra, VA, Italy
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3Politecnico di Torino DIATI, Corso Duca degli Abruzzi 24, 10125 Torino, TO, Italy
4 SEIDOR CONSULTING S.L., Eix Onze de Setembre 41-43 baixos, 08500 VIC (BCN) Spain
Abstract:
In the last 20 years, the production and use of cobalt has experienced a strong growth; its
global refined production has increased in more than fourfold, from approximately 27000
tons to 119000 tons per year (BGS, 2019). Due to its economic importance (and
simultaneous risk in its supply), cobalt has been classified as a critical/strategic raw material
in the EU and other developed economies. Due to its criticality, the EU has commissioned
different reports that fully or partially address cobalt supply, demand, stock and flows.
Many of these studies have been developed through Material Flow Analysis (MFA) tools,
applying both static and dynamic models. However, cobalt flows and its circularity are still
not fully understood. In particular, to the best of the authors’ knowledge, long-term
retrospective analyses at the EU level have been never been performed. Static MFA studies
have been developed for the year 2012 and the period 2012-2016, although these did not
go further on the analysis about how the anthropogenic stock has built up in the EU. A
proper understanding of the historical metabolism of cobalt in the EU is crucial. It is needed
to understand shifts and trends in cobalt flows, and to identify potential sources of
secondary material originating from earlier stock build-up, which are key to enhance
circularity in the economy. Furthermore, it is also required to improve forecasting
assessments that are key in the discussion of the management of the metal. In this research,
a long-term retrospective dynamic MFA of cobalt in the EU is performed. The results
allowed identifying and quantifying losses, quantifying how much cobalt is still in the
economy, and in which forms (in use, hoarded, dissipated), establishing current
anthropogenic stocks. Future work considers the implementation of a prospective dynamic
MFA, starting from the established anthropogenic stock.
Keywords
Cobalt; Retrospective Analysis; Dynamic Material Flow Analysis; Critical Raw Materials
Acknowledgement
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413: Closing the loop on plastics in Europe: opportunities and challenges in different
sectors
Wan-Ting Hsu 1; Teresa Domenech 1; Will McDowall 1
University College LondonUnited Kingdom
Abstract:
Plastic is widely used across different sectors within a complex value chain. The EU
produced more than 66 million tonnes (MT) of plastic polymers/fibres and consumed
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approximately 73 MT of plastic products in 2016 (Hsu et al., 2021). There is high uncertainty
around secondary plastic demand, which has been estimated to account for approximately
5-6 % of plastics consumed in Europe (European Commission, 2018; Hsu et al., 2021). The
EU-led Circular Plastics Alliance aims to ensure that 10 MT of recycled plastics find their way
into new products on the European market by 2025 (European Commission, 2019).
To achieve the targets, Europe needs to reinforce the market for recycled plastics (Dangis,
2018). Existing studies focus on the challenges and opportunities in some specific areas (e.g.
flexible packaging (Bening et al., 2021), converters (Dangis, 2018), Nordic countries (Milios
et al., 2018)). There is less evidence on how drivers and barriers are playing out across
different end-use sectors and across the value chain. This study aims to address this gap by
investigating the socio-technical system transition towards the plastic circularity based on a
multi-level perspective (Geels, 2002). We assess the drivers and barriers for secondary
plastics demand viewed from various elements of socio-technical regimes (institutions,
market, technology, social culture, network, data and information) across four sectors
(packaging, construction, automotive, electrical and electronic equipment). In other words,
we identify how and why drivers and barriers change across both sectors and stages in the
secondary plastic value chain.
The research design combines the review of secondary data and the collection of primary
data through semi-structured interviews. In total, 25 firms/organisations were interviewed,
using a convenience sample and snowballing techniques to ensure representativeness of
key stakeholders, including the members of plastic industry associations and secondary
plastic users.
Results indicate that, across all sectors, the main drivers for the adoption of secondary
plastics come from EU legislation, and from the consumer pressure that has emerged since
2018 and in particular the Blue Planet II documentary. In light of that consumer pressure,
marketing and reputation management have emerged as relevant drivers of efforts to adopt
secondary plastics. The packaging sector appears to be subject to stronger institutional and
policy drivers than other sectors, likely in part due to the greater salience to consumers of
packaging as a source of waste. Recently mandatory targets and pledges to increase
recycled content have been introduced for packaging, but there has been much less focus
on such measures in the construction and automotive sectors.
The findings point to the persistence of barriers that limit the use of secondary plastics.
Institutional (e.g. product standards and consumer norms) and technological barriers linked
to the quality of recycled feedstock, especially in the EEE and automotive sectors, have
limited the uptake of secondary plastics. From a market perspective, we identify barriers
associated with the high cost of secondary feedstock, and investment risks in light of
uncertain consumer demand and future policy.
Across all sectors, we highlight the importance of, and challenges with, collaboration and
networking across the value chain, including the development of new business models. Such
collaboration and business model innovations are further hampered by a lack of data, poor
traceability of material origins, and historically weak knowledge diffusion across the value
chain. We highlight efforts to overcome these barriers, such as attempts to codify
knowledge through the development of guidelines for eco-design of products, and the
establishment of certifications and labels to increase traceability. Such efforts have been
prominent in the packaging and EEE sectors, but less so in construction and automotive.
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Day 5 Session 8: Food Systems
638: Spatial variation in rice husk poultry litter ash: implications for phosphorus
recovery
Bruno Valentim*, Alexandra Guedes, Karen Moreira, Ana Santos
Instituto de Ciências da Terra (ICT), Faculdade de Ciências da Universidade do Porto
(Portugal)
*Corresponding author: bvvalent@fc.up.pt
Abstract:
The project DEASPHOR aims P-recycling from aviary manure ash as a substituting material of
phosphate rocks since the direct utilization of this material has eight times more P than
plants need. However, further P-concentration is needed to make aviary manure capable of
substituting phosphate rocks and before that ash must be characterized in terms of basic
and advanced techniques.
For this purpose, combustion ash from rice husk poultry litter was sampled at “Campoaves,
Lda.” (Portugal) in different locations of the incineration unit to assess ash spatial variations:
bottom ash (BA), Economizer fly ash (FAECO) and Cyclone fly ash (FACYC). The poultry litter
ash is generated at “Campoaves” after incineration of rice husk mixed with poultry feces
(poultry litter) and wood chips at 1000 °C in a chain grate stoker.
The samples were characterized via mechanical granulometry for size-distribution analysis,
proximate analysis for moisture, ash, volatile matter determination and fixed carbon
calculation, total C&S (Leco method), X-ray fluorescence (XRF, including Loss-on-ignition
determination), Inductively coupled plasma mass spectrometry (ICP-MS) and scanning
electron microscopy with X-ray microanalysis (SEM/EDS) for chemical characterization, and
high resolution imaging. The results show that the concentration of P2O5 ranges from
approx. 9 % to 18 %, which are promising values for P extraction since 1 to 40 % P2O5 is
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found in phosphate rock deposits from economic and not economic deposits, and aviary ash
does not need to be mined and is composed of low-size materials.
However, all samples studied of rice husk poultry litter ash contain high amounts of SiO2
from rice husk relics and high amounts of carbon mostly due to poor combustion efficiency.
Regarding the spatial variations it was found that the P2O5 concentration in the BA sample
is approx. half in relation FACYC samples.
According to European regulation (Directive n.º 86/278/CEE) for use of sewage sludge in
agriculture (also used for ash) the heavy metals Cd, Cu, Pb, Hg and Cr (this one based on XRF
analysis) are present in these ash samples in concentrations well below the concentration
limit of heavy metals in sewage sludge for use in agriculture soils. However, Zn
concentration in all samples studied ranges between 838 and 2356 ppm for five of the
samples and 2516 ppm for Campoaves FAECO, which is slightly higher than the limiting
concentration value (2500 ppm).
Acknowledgments:
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Tecnologia, IP (FCT, Portugal; ref. ERAMIN/0002/2017). The authors also acknowledge
“Campoaves, Lda”, and ICT funded by COMPETE 2020 (UIDB/GEO/04683/2020).

468: Choosing freshwater sustainability: modeling policy support in an agricultural
landscape
Gabriel Granco, Marcellus Caldas, Jason Bergtold, Jessica Heier Stamm.
Abstract:
Agricultural production is facing a compounding challenge of increasing production to feed a
growing population while mitigating its environmental impacts and adapting to a changing
climate and culture. The use of policy to guide production towards sustainability has been
suggested as a possibility to manage the conflict among the diverse problems while
gathering support from stakeholders. Despite the rapid advance of scholarship on and
implementation of sustainability policies, the importance of individual social-psychological
decision to support such policies is often overlooked. The use of individual socialpsychological factors to explain how individuals’ values, beliefs, and norms (VBN) shape
behaviors relative to the environment can contribute to the understanding of sustainability
support. VBN factors are locally-grounded and influenced by environmental settings and by
the perception of environmental degradation. The goal of this paper is to examine how
feedbacks among environmental and social-psychological factors can be integrated into a
quantitative simulation of policy support and indicators of sustainability. We use empirical
data and an agent-based model (ABM) to represent the socio-ecological system shaping the
individual (and collective) decision to support a conservation easement policy and measure
the policy effects on the study area. Our case study is the Smoky Hill River Watershed
(SHRW) located in Kansas, USA. The social data comes from a survey collected from the
population in 2015. The environment data and model include two regions, West (Wetland
system) and East (Riverine system). The division follows from the agricultural, climate, and
demographic gradients presented in the watershed and by the difference in the hydrological
model developed for each subregion. Because of the different hydrological systems, agents
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in each subregion also experience different ecological richness. In the West, agents observe
bird and plant richness correlated with the presence of inundated playas, while in the East,
agents observe streamflow level and the correlated fish richness. The experience of
hydrological and ecological conditions is assumed to influence agents’ decision-making
formed by the VBN sequencing at the beliefs of awareness of consequence and ascription of
responsibility. We tested three scenarios defined by the policy implementation in each
region. Each scenario is tested under two parameterizations: (i) sample conditions with
individual policy choice being equal to the sample mean (policy choice = 0.335) and voting
threshold equal to 37.5% of population, and (ii) lower conditions consisting of half of the
values set on the sample conditions (policy choice = 0.167 and voting threshold = 18.75%).
Preliminary results from ABM simulations indicate that desirable outcomes of sustainability
policies may arise when policies resonate with individuals’ VBN and environmental
concerns. The agents that demonstrated support had a high awareness of consequence and
ascription of responsibility, an average knowledge of environment but with a high
perception of environmental degradation. In all the scenarios, when the parameters are set
to the sample condition there is not enough support for the implementation of the policy.
When the parameters are set to lower than sample conditions, we found support for the
policy. For the policy on the East region, the increase in grassland did not result in more fish
richness or flow during the summer. For the policy on the West region, the easement
promoted an increase of 5% of plant richness. The case study empirically demonstrates the
contributions of using ABM and VBN theory to model how individual's support for policy is
shaped by both environmental and social settings. Additional testing and analysis will be
conducted to validate the preliminary results and indicate pathways to support
sustainability policies.

590: Use of winemaking pomace from Bordo grape (Vitis labrusca) for production of
xylanases
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* email: susebs@unisinos.br
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1. Introduction
Brazil is the fourth largest grape producer in the Americas and the fifth largest wine
producer in the southern hemisphere. In 2017, part of the harvest of 2 million tons of
grapes was used in the production of 3.6 million hL of wine (FAOSTAT, 2019; OIV, 2019).
Pomace is obtained after pressing the grape to produce white wines and juices and after
pressing the fermented must in red winemaking. If pomace is not treated effectively, it may
cause surface and groundwater pollution (Romeu, Cardoso, & Peixoto, 2013).
Most of the winemaking by-products are used for animal feed or as fertilizer for vineyards.
Winemaking pomace consists mainly of lignocellulosic material (Samanta et al., 2015).
Lignocellulosic byproducts can be used in bioprocesses to obtain higher value-added
products such as alcohol, enzymes, and organic acids, avoiding potential environmental
pollution problems (Pereira, de Bastiani, Gabardo, Squina, & Ayub, 2018).
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Filamentous fungi are organisms especially capable of producing xylanolytic enzymes from
lignocellulosic materials, being Pleurotus ostreatus one of the most commonly used fungi.
Solid state cultivation that typically occurs in the absence or near absence of free water is
the predominant way of cultivation for filamentous fungi in bioprocesses as it simulates the
natural habitat of these organisms (Pirota, Tonelotto, Delabona, Tremacoldi, & Farinas,
2015). The absence of free water and the high concentration of solids in the medium
reduces the possibility of bacterial contamination and provides the appropriate
environmental conditions for fungi development (Pereira et al., 2018).
The aim of this work is to evaluate the potential of winemaking pomace from Bordo grape
(Vitis labrusca) as a substrate for xylanase production by solid state cultivation of Pleutotus
ostreatus.
2 Materials and Methods
2.1 Materials
Pleurotus ostreatus was provided by Micelium St. (Viamão, RS, Brazil). Subcultures were
made in Petri dishes with a PCA (Plate Count Agar) with the Chloramphenicol (Liofilchen
Diagnostici®) at 30°C for 10 days.
Winemaking pomace from Bordo grape (Vitis labrusca) was provided by the Manica wine
industry (Garibaldi, RS Brazil). It was collected after fermentation process and stored at 18°C until drying at 65°C for 9h.
2.2 Solid-state cultivation and analysis
Dried pomace was added with macro and micronutrient solutions, with pH and moisture
adjusted to 5 and 60% respectively. Solid state cultures were carried out in conic flasks at
30° for 8 days. Xylanase activity was performed following the methodology described by (da
Silva Menezes, Rossi, & Ayub, 2017) and reducing sugars were quantified by the DNS
method (Miller, 1959).
3 Results and Discussion
Results for reducing sugars and enzymatic activity of xylanases during cultivation are
presented in Figure 1.

Figure 1: Kinetics of cultures of P. ostreatus on winemaking pomace. Concentrations of ("
#)
reducing sugars and (o) xylanase activity.
From Figure 1, the maximum enzymatic activity of xylanase was obtained after 5 days of
cultivation (12 U.g-1) following the sharp drop in reducing sugars. Due to sugar depletion,
the microorganism increased the secretion of xylanase to hydrolyze xylan and obtain xylose
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to be metabolized. Menezes et al. (2009) also tested P. ostreatus on oat xylan and observed
considerable degradation on the fifth day. The results obtained in the present work were
similar to those obtained by Menezes, Rossi, Ayub, (2017) who found enzymatic activity of
4.44 U.g1 with P. ostreatus on rice husk, 6.17 U.g-1 on soybean hulls, and 24.33 U.g-1 on
malt extract.
4 Conclusion
This work shows the possibility to produce xylanases from solid state cultivation of
Pleurotus ostreatus on winemaking pomace, with potential improvement in winemaking
industry sustainability. The maximum enzymatic activity was 12 U.g-1 after 5 days of
cultivation.
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705: Agriculture plays a key role in the transition to circular economy on a tropical
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Several tropical islands have a high and growing human population that fuels two conflicting
dynamics: an increasing need in food and a decreasing availability in agricultural lands due to
urban sprawl. Pushed by resource and land limitations, some islands including Réunion
choose to both import human food and set up high-input agricultural production systems that
rely on imports of mineral fertilisers and raw materials for animal feed. This globalised agrifood system has numerous negative externalities such as nutrient surpluses (and
corresponding risk of soil and water pollutions), resources depletion (phosphorus and nonrenewable energies) and greenhouse gas emissions due to transportation. A transition to a
circular economy (CE) can potentially increase the island autonomy, partially mitigate these
negative externalities and foster local economic development. Biomass-based CE is
particularly relevant for tropical volcanic islands, like Réunion, endowed with rich soils and
higher crop yields.
We studied the opportunities associated with biomass produced locally and used or usable
as agricultural inputs to increase circularity within Réunion. The methodology used was based
on a material flow analysis (MFA) coupled with a multi-stakeholder participatory approach. It
was applied to the present agri-food system to identify local initiatives contributing to the
transition to a CE.
Results of the MFA show that 585 000 tons dry matter (tDM) of biomass used or usable as
agricultural inputs are produced in Réunion. The agro-industry sector is predominant,
representing 58% of the production. 325 000 tDM are used in agriculture (83 %) or urban
sectors (4%), or eliminated (landfill site or discharge to the sea) (13%). The difference (260 000
tDM) corresponds to important atmospheric nitrogen and carbon emissions due to
intermediary processes like composting and biomass combustion to produce electricity. This
MFA leads us to identify three main levers to increase circularity at territorial level: i) A large
part of eliminated materials could be used in agriculture, e.g. urban biowaste as fertilizer,
food industry waste as animal feed; ii) Atmospheric emissions could be reduced to increase
nutrient conservation and carbon sequestration; iii) The efficiency of agricultural processes
at both plot and herd levels could be increased by better matching available inputs (fertilizers
and feeds) with plant and animal needs.
Results of the participatory approach show that the main stakeholders of the agri-food system
in La Réunion (farmers, cooperatives, industrials, energy producers, public and private waste
management organisations) are already involved in the transition to a CE. Several on-going
industrial symbiosis initiatives were identified and four are in the design phase:
1. a whole-island fodder supply chain with collective fodder storage units to increase local
fodder use,
2. manure spreading plans to reduce manure transport distances for each livestock farmer,
3. collective platforms to co-compost urban green waste with manure to produce organic
fertilisers for market gardeners,
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4. a door-to-door collection of households biowaste and anaerobic digesters to produce bioenergy.
In conclusion, agriculture plays today a key role in the transition to a CE in Réunion. The
research is now continuing with a Substance (nutrients) Flow Analysis (SFA) and an Ecological
Network Analysis (ENA) of the whole island economy, i.e. between all economic sectors,
including imports, exports, and atmospheric emissions. The objective is to assess the
efficiency and the integration of the different sectors, including agriculture. An integrated
spatially explicit simulation model is also under-development to study the potential (positive
or negative) synergies between the four symbiosis initiatives in the design phase to better
access their consequences on circularity, and environmental and economical efficiencies.

Table 1. Main characteristics of Réunion
variable
population1

unit
inhabitants

value
860 000

area

km2

2 500

population density

inhabitants /km2

342

land cover2
agricultural area2

agricultural area per
crop2

forest and natural
area
%
agricultural area
artificialized area
ha

71

sugar cane

22 700
(54)
12 237
(29)
5 402 (13)

grassland
fruits
vegetables
other

ha (% among total)
and

19
10
41 940

1 601 (4)

agricultural area per inhabitant2

m2

557

number of farms2

unit

6 800

number of farms with livestock3

unit

3 750

average area per farmer2

ha

6,2

heads

29 289
68 977
11 921
3 454
3 647 000

livestock population2

bovine
porcine
caprine
ovine
poultry

food self-sufficiency2

meat
fruits
vegetables

% of local demand and
and
consumption
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67
70

cereals

0

Sources: 1INSEE 2020, 2DAAF La Réunion 2020, 3DAAF La Réunion 2010

350: How to achieve the sustainability of the seafood sector in the European Atlantic
Area?
Israel Ruiz-Salmón, Jara Laso, Daniel Hoehn, María Margallo, Ángel Irabien, Rubén Aldaco
Department of Chemical and Biomolecular Engineering, University of Cantabria, Avda. de los Castros
s/n, 39005, Santander, Spain
Abstract:
Climate change, globalization or marine debris are on the spot of concerns for the most society.
Particularly, fisheries are impacted by these and other issues. On the framework of the European
Atlantic area, NEPTUNUS project (EAPA_576_2018) tries to provide opportunities for the transition to
the circular economy of the seafood and aquaculture sectors by means of a consistent methodology
for products eco-labelling and defining eco-innovation strategies. Furthermore, this project will
provide key actions for resource efficiency based on life cycle thinking and the nexus water-energyfood, incorporating producers, policy makers and consumers in the decision making process. This
review addresses, therefore, the threats and challenges of the current Atlantic fisheries, the
methodologies and actions to be face them and the expected results of the NEPTUNUS project.
Keywords: sustainability, life cycle assessment, eco-label, seafood, climate change, marine debris

708 Spatiotemporal Dynamic Evolution of Nitrogen Flow in Food Supply Chain in BTH
region: 1978-2018
Di Chen , Yi Liu
The reactive nitrogen(Nr) flows and transforms in food supply chain. It is an important nutrient source
for human beings, but causes a series of environmental problems simultaneously. At present, some
researchers have studied the nitrogen flow in food system, but the description of food supply chain is
rough, and few of them consider the nitrogen footprint caused by transboundary food supply,
especially at regional level. As a result, we may underestimate or overestimate nitrogen use efficiency
and nitrogen emissions of a single city, and couldn’t propose proper regional nitrogen regulation
strategies.
In this study, we developed a food system nitrogen flow model to characterize and quantify the
nitrogen flux and flow structure within a region, and then combined it with a multi regional inputoutput model to study the implied nitrogen emissions from food supply across regions.
Taking the Beijing-Tianjin-Hebei(BTH) region as an example, we found that: (1) from 1978 to 2018,
nitrogen emissions from the food system of BTH region first increased and then decreased, with
inflection points in 2003, 2004 and 2005 for Beijing, Tianjin and Hebei respectively. However, nitrogen
emissions from the consumption-waste management process continue rising. In 2018, the nitrogen
pollution emitted by consumption and waste management subsystems in Beijing have surpassed the
planting and breeding subsystems and become the largest source of total nitrogen, ammonia and
N2O emissions（2) Beijing has the lowest nitrogen emissions per capita and spatial intensity, Hebei
has the highest nitrogen emissions per capita, and Tianjin has the highest nitrogen emissions spatial
intensity（3) The food supplied to Beijing from Hebei contained 36 kt nitrogen footprint, accounting
for 109% of Beijing's local nitrogen footprint, and it increased 56% in the last 5 years. If emission
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reduction measures are taken in agricultural production in Hebei, the nitrogen footprint could be
reduced by 21%. And reducing food waste in Beijing can cut down nitrogen footprint by about 15%.
This study provides a method to study nitrogen material flow in food supply chain from a regional
perspective, and provides a reference for regional nitrogen regulation and food supply system
research.
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