The 10t International Conference on Life Cycle Management - 05-08 September 2021 Stuttgart - Germany

ot

Investigating the integration between
life cycle thinking, green chemistry principles,
and sustainability policies

Daniela Camana, Sara Toniolo, Alessandro Manzardo
CESQA, Department of Industrial Engineering, University of Padova, Italy

CESOA

CENTRO STUDI QUALlTk AMBIENTE

Introduction

International and local industrial policies are moving
towards sustainability in the last decades. Reliable
methodologies to assess environmental performance
are needed. Life Cycle Assessment and Green
Chemistry are two theoretical methodologies well
established in scientific research for environmental
studies in the engineering field, but they are not
usually used together. The purpose of the present
research is to assess if and how life cycle assessment
methodology can be integrated to green chemistry

principl

policies in order to achieve sustainability goals at
territorial level.

Method

“Title, Abstract, Keywords”

les and to local and international industrial

reported.

introduced are “green chemistry” AND “Life Cycle
Assessment or Life Cycle Analysis or Life Cycle
Thinking” AND “policies”. No time span or territorial
boundaries are introduced. Screening and data
cleaning are conducted firstly by title, secondly by
abstracts and thirdly by text by verifying the coherence
and usefulness with the purpose of the research. In this
poster only creative, unusual, and key papers are

Graphical abstract

Literature review is conducted by two leading scientific
databases (Scopus and Web of Science) in September
2020, focusing on “Topic” for Web of Science and on
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for Scopus. Keywords Integration
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Example of integration and combination between Green Chemistry, LCA and policies
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Itis better to preventwaste than to clean up waste afteritis formed

LCA for preventive studies
waste

Policy of Prevention of s

Slow the growing trend of waste
production fromcitiesto regions

GC2

Synthetic methods should be designed to maximise the incorporation of all materials 3
used in the process into the final product (atom economy)

IS

LCA used at micro-level and possibility of implementation of

micro-LCA CircularEconomy

Promotion of districts and industrial
clusters

GC3

Wherever practicable, synthetic methodologies should be designed to use and generate s
substancesthat possess little or no toxicity to human health and the environment

Accounting of Human Health impact using different Impact REACH framework and
assessment modelsand characterisation factors policieson chemicals

Cooperation with regional Universities for
new design of chemicalsand products

GC4

Chemical products should be designed to preserve efficacy of function while reducing s
toxicity

Accounting of toxicity to water, air, and soil by using different REACH framework and
Impact 1t modelsand characterisation factors policieson chemicals

Cooperation with near factories to
implement processes

GC5

The use of auxiliary substances (e.g. solvents, separating agents) should be made B
unnecessary wherever possible and innocuous when used

Calculation of impacts of auxiliary substances in a life cycle REACH framework and
perspective policieson chemicals

Monitoring of material flows. Incentives
for innovation at regional-national level

oc6 Energy requirements should be recognized for their environmental and economic B Material and energy flow accounting. Global warming Policies on  Climate n Energy managers involvement, at local
impactsand should be minimized potential accounting. Energy use. CO, emisisions. change scale, in private and public sector
A raw material or feedstock should be renewable rather than depleting, wherever Renewable resources 2 Local circular flows for biomaterials and
g technicallyand economically practicable 0 Urn e e A D RS promotion % bio-waste

Unnecessary derivatization (blocking group, protection/deprotection, temporary

Optimisation, technology, 5

Cooperation with Universities for design

monitoring, and control prior to the formation of hazardous substances

of air pollutants

ces modification of physical/chemical processes) should be avoided whenever possible 0 Life cycle perspective n processesapplication informationtechnology ! and with industries forimplementation
GC9 Catalyticreagents (as selective as possible) are superior to stoichiometric reagents 1 LCA for analysisof synthesesand reactions !ndustpal [pells - el * Coopergtlon wiih UiMEETES foF (e
incentives 27_synthesis
Chemical products should be designed so that at the end of their function they do not . . -
GC10 persist n the environmentand break down intoinnocuous degradation products 12 Impactcategory of waste. LCA of overall waste management  Plastic reduction policies 2 End of waste framework
6elL Analytical methodologies need to be further developed to allow for real-time, in-process 1 These methodologiesallow the collection ofinventory data International monitoring 0 Monitoring of substances by local

agenciesand by enterprises

GC12

Substances and the form of a substance used in a chemical process should be chosen so b
as to minimize the potential for chemical accidents, including releases, explosions, fires

¢ integrating environmental aspects with safety ones

Integration with health and safety concems — need of Policies for

factories

high-risk
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Local plans for emergency in high-risk
factories
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and Green Chemistry: innovative research areas
Preventive ‘ Accounting of Health
studies (GC1) auxiliary Impacts in
Micro LCA for substances - environmental
atom economy S (G5) g category (G3)
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LCA (G10) data for
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(GC11)

Discussion and conclusions

This research highlights that Life Cycle Thinking and Green Chemistry might be integrated in theoretical and practical case studies, since many interconnections exist. These interconnections permit to use the best characteristics of each
method to improve the reliability of the other method and finally, to afford environmental, industrial, and engineering problems with a more comprehensive approach. Moreover, Green Chemistry principles can be easily associated to
main environmental policies at international, national, regional, and local level. This allows to use results, knowledge, and expertise of the Green Chemistry and Life Cycle Assessment framework and to apply them to industries,
territories, and communities. The similarities highlighted among policies, Life Cycle Assessment and Green Chemistry need further investigation since they might help decision making process based on environmental issues, technical
data, engineeringadvance, interdisciplinary consensus, making benefitsin overall sustainabilityimprovements and conducting to a betterLife Cycle Managementimplementation for industrial strategiesand public policies.
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