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PUBLISHABLE SUMMARY

The objective of this work was to define the framework for retrofit sustainability assessment and data
requirements and data collection plan for each of the AeroSolfd retrofit solutions.

The sustainability framework was built round-table consultations within the WP4 partners engaged,
namely: M+H, IUTA, CSIC, NFA, CENEX, VERT, INTEC, starting from a conceptual (top-down approach)
framework which was further refined based on each of the retrofit case-specific scenarios (bottom-up
approach) and risk scoping analysis (preliminary risk assessment along the value chain).

Hence the framework was tailored to the AeroSolfd solutions, the data requirements were identify and
the data collection plan, for the overall sustainability assessment, was developed.

A combination of qualitative and quantities data will be collected (measured, literature review, derived,
or modelled) as well as read-across information, due to the innovation stage and practical limitations,
will be identified to map the entire value chain for each the AeroSolfd retrofit solutions.
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1. INTRODUCTION

The final aim of AeroSolfd WP4 is to develop an (overall) sustainability assessment of the retrofit
solutions implemented and applied for the tailpipe, brake systems and closed environments product
line. A pre-requisite for reaching this objective is establishment of a framework that allows the overall
sustainability assessment including the types of methods and data needs.

1.1.PURPOSE AND TARGET GROUP

The purpose of D4.1 is to establish the overall approach and identify the data needs and data collection
plan (including knowledge gaps and potential priorities for measurements) for the overall sustainability
assessment to be conducted for each of the three retrofit solutions. Each of the overall sustainability
assessments involves a human (worker and public) risk assessment for relevant priority risks identified
along the products’ life-cycle, an LCA (environmental life-cycle assessment), an S-LCA (social life-cycle
assessment).

The intended target groups are:

1) The project itself to establish the framework for the prospective analysis and identify the data
needs and data collection strategy for WP4 Task 4.2, Task 4.3 and Task 4.4. This is illustrated
in the Figure below.

2) External stakeholders interested in risk assessment, LCA, S-LCA, and overall sustainability
analysis of innovations in the area of retrofit solutions to reduce traffic-induced air-pollution
from petrol cars, brakes and public transport, such as metro’s.

D4.3 Citizen Science report on drivers
and barriers identified by all related [D4.5 Overall sustainability assessment }
stakeholder and target groups,
guidelines for communication and
communication effectiveness

h 4

D4.1 Sustainability = H
framework, information Q ,9?98‘ {Q'Z] 1
requirements and data aa8
collection plan

D4 4 Life-cycle assessment for each
product line

OXbB g e B & &

:)% 19-%% :- [D4.2 Database for life-cycle assessment

and sustainability assessment

Figure 1. Link between D4.1 and later deliverables in WP4 ending with the life-cycle analysis and overall
sustainability assessment.

The process in Task 4.1 and D4.1 also includes a first sustainability awareness raising among the
innovators where early-phase interventions to improve safety and sustainability could be made.

1.2.CONTRIBUTIONS OF PARTNERS

The partner contributions for completion of D4.1 are summarized in Table 1.
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Table 1 Overview of the partner contributions for completion of D4.1

PARTINER CONTRIBUTIONS

SHORT NAME

Led task 4.1 and D4.1. NFA developed the risk scoping approach and risk

scoping analysis, conceptualization and finalization of the sustainability

NFA interim and final framework for each of the retrofit solution and their risk
assessment approach and the data collection plan. NFA drafted chapter
1,2,3,7, and 8 and the final overall revision of the deliverable.

Reviewed and updated the environmental risk scoping and risk assessment

IUTA . .
approach and reviewed the deliverable.

Contributed to development of the overall sustainability framework and in
CENEX particular led description of the LCA model, drafting of chapter 5 on LCA and
identification of relevant data needs and reviewed the deliverable.

Contributed to development of the overall sustainability framework and in
particular development and description of the S-LCA model, drafting of the

INTEC
chapter 6 on the S-LCA and identification of relevant data needs and
reviewed the deliverable.
Contributed with information and exchange for risk scoping of the brake-

MANN+HUMMEL dust filter (WP2) and filter squares (WP3) retrofit solutions and reviewed the
deliverable.

VERT Contributed with information and exchange for risk scoping of the retrofit
gasoline particle filter (WP1) and reviewed the deliverable.

CsIC Contributed to the data collection plan and reviewed the deliverable.

2. OBJECTIVES AND EXPECTED IMPACT

The aim of this task is to establish the overall AeroSolfd sustainability framework building on and
merging the applicable concepts for Risk Assessment, Life Cycle Assessment (LCA), and Social Life Cycle
Assessment (S-LCA) and identify the related information requirement and data collection plan for each
of the assessment procedures. The final different assessment procedure needs are tailored to suite
each of the three retrofit solutions in the project.

The starting point for development of the overall sustainability framework was considered to build on
the stage-gate nano-risk innovation governance framework, developed in the EU H2020 caLIBRAte and
Gov4Nano projects and combine it with the sustainability framework developed for the automotive
industry (Jasinsky et al., 2016). The stage-gate innovation governance model combines a Cooper-like
Stage-Gate innovation funnel model with specific risk specific risk governance including human and
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environmental risk assessment developing along the innovation stages. The risk governance approach
aligns with the 1SO 21505 Risk governance framework while all the specific assessments approaches
can align with all different relevant standards.

This governance framework is further revised considering how the expected outcome of AeroSolfd
project could contribute to the UN Sustainable Development Goals (SDG) and support the ambitions
in the Chemicals Strategy for Sustainability (CSS, 2020) and the European Green Deal (2021).

Since the proposal was submitted, several potentially relevant new policy ambitions have been
published that need consideration in our final framework and analysis. These include: Zero Pollution
Action Plan; Circular Economy Action Plan; EU's 2030 Climate Target on the way to climate neutrality;
Materials 2030 Manifesto; Advanced Materials Initiative 2030 (AMI2030); Strategic Research and
Innovation Plan for safe and sustainable Chemicals and Materials.

2.1.0BJECTIVES
For each retrofit solution, the objectives are to:

e Establish of the overall sustainability assessment framework indicators and midpoints to
contribute the specific endpoints (UN SDG).

e Establish the human risk assessment approach(es) to address worker and public health impacts.

e Establish the environmental risk assessment approach(es) to address the impact on air, soil and
water.

e Establish and detail the life cycle assessment model to be applied for environmental LCA.

e Establish and detail the life cycle assessment model to be applied for S-LCA

o Identify the overall data needs and data collection plan to conduct the above-mentioned
assessments.

2.2.EXPECTED IMPACT

A state-of-the art framework for overall sustainability assessment for petrol car exhaust and brake-
wear particle filters as well as area filtration devices based on risk assessment, life-cycle assessment,
social life-cycle assessment as stand-alone input. It is anticipated that, when complete and
demonstrated, the developed framework can serve as an approach for future improved sustainability
assessments of retrofit solutions relevant for improving quality of life by reduced air-pollution.

3. DESCRIPTION OF TECHNICAL/SCIENTIFIC ACTIVITIES

Starting from the preliminary overarching risk innovation governance framework from the EU H2020
calLIBRAte (tool-supported nano-risk innovation governance framework), Gov4Nano (further
developed nano-risk innovation governance framework) and the automotive sustainability framework
from Jasinsky et al. (2016); and identified SDG as reference endpoints, a preliminary analysis and
brainstorming of its applicability to the retrofit solutions was performed with the partners engaged in
the WP4 (NFA, IUTA, CSIC, CENEX, INTEC, VERT and M+H). The aim was to assess whether the
combination of these approaches would: 1) still be considered applicable to establish the overall
framework for AeroSolfd; 2) whether the different frameworks had important gaps considering the
application domains in AeroSolfd; and 3) when suitable identify the potential midpoints and associated

Co-funded by
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methods to generate the output. The discussion had particular focus on the Risk Assessment (RA) of
exposures to chemicals and particles during the product’s life-cycle (from manufacturing to recycling
and disposal) and in service benefits, environmental Life Cycle Assessment (LCA), and the Social Life
Cycle Assessment (S-LCA). These approaches were set as the boundaries for investigation in the Risk
Innovation Governance approach.

The results from the brainstorming process were used by NFA to draft top-down an overarching
sustainability framework with partner contributions from INTEC (S-LCA inspired by the EU H2020
NANORIGO projects’ social and ethical risk governance framework) and CENEX (LCA using the GaBi
tool). This draft framework was consulted and discussed in several rounds within WP4 and consulted
with WP1, WP2, and WP3 (NFA, IUTA, CSIC, CENEX, INTEC, VERT and M+H). After numerous attempts,
it was found that it was difficult to advance to a concrete operational framework for each of the three
retrofit solutions following the top down approach. Challenges were a.o. at the framework level,
difficulties due topical overlaps between the different established RA (leads: NFA, IUTA), LCA (lead:
CENEX) and S-LCA (lead: INTEC) approaches, but also difficulties in detailing the critical aspects in the
production, use, service, and end-of-product life / recycling for the retrofit solutions. The latter is to a
high degree related to how advanced the innovations have progressed along the innovation funnel.

To obtain more precise information, a bottom-up approach was established by NFA in which the
innovators (VERT and M+H in WP1, WP2 and WP3) were asked to describe the materials and elements
constituting their products as well as the established and anticipated processes during production,
installation, use, decommissioning, recycling and disposal. The interview (NFA, CENEX and INTEC with
VERT and M+H) followed a life-cycle risk scoping (LCRS) scheme that we established as part of Task 4.1.
The interview results were used by NFA to identify the potentially critical exposure and processes and
interpreted in regards to potential risks for which we ranked the potential amplitude and duration of
exposure to give a final exposure potential for each of the key work, use, and recycling end-of-life
processes. The scores were checked by the innovators and the final RS-LCA result was used to establish
specific frameworks and anticipated general data requirements to enable RA (leads: NFA, IUTA), LCA
(lead: CENEX) and S-LCA (lead: INTEC) and overall sustainability assessment (Lead NFA) of each of the
individual retrofit solutions.

The final step was to outline the data collection plan for Task 4.2 to complete the RA (Task 4.3 and 4.4),
LCA (Task 4.3), S-LCA (Task 4.3) and the final overall sustainability analyses (Task 4.4) building on the
framework herein.

Co-funded by
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4. RISK ASSESSMENT ALONG THE LIFE CYCLE

Risk assessment includes the assessment of both the hazard (human and eco-toxicity) and exposure to
a substance or mixture of substances. Besides consideration of the specific hazard of the exposure, the
characteristics (level and duration) of exposure are important factors for understanding the risk.

In the AeroSolfd project, we are requested to assess the risk along the life cycle (LCRA) for each of the
three innovative retrofit solutions. Conceptually, a LCRA involves risk assessment from the production
of raw materials and chemicals, and downstream through production, use, service to recycling, waste
and re-use.

During an innovation process, there are typically not quantitative information available on all risks
parameters. Consequently, assessment methods may range from qualitative to quantitative. Initially,
for identification of most apparent and critical risks, it is recommended to perform a risk mapping along
the expected LC to scope and prioritize the risk assessments to be conducted as part of the innovation
project. Different approaches may be applied for risk scoping, ranging from purely qualitative
considering severity and frequency and/or duration to numeric risk scaling. In AeroSolfd, we
established a numeric LC risk-scoping analysis (LCRS) for each of the retrofit solutions for identifying
the expected exposures and scenarios to be initially considered and further addressed in the overview
of methods to be applied.

4.1. RISK SCOPING

A LC risk scoping approach was established considering both the potential human (occupational and
public) and environmental risks for each of the three retrofit solutions. LC steps were established for
each of the three retrofit solutions starting at the production of the products and ending with the
potential end-of-life of the product by recycling and waste. Scaling was set as 0-10 for the relative
exposure or release level and potential duration, respectively. These scores are multiplied to provide
LC exposure/release scores that consequently can range between 1 and 100.

The LC stages and processes (known or anticipated) in each of three innovative retrofit solutions were
identified via interviews and consultation with WP1, WP2 and WP3. WP4 then proposed the scores for
each of these processes and re-consulted with WP1, WP2 and WP3 for final scoring. Figure 2, Figure 3
and Figure 4 show the LCRS results for the tailpipe filter, the brake-wear filter, and filter squares,
respectively.

The tailpipe filter component materials consist of an exhaust canning and filter substrate. The canning
is based on Stainless steel and some expanding fibre mat material, and the un-coated filter substrate
consists of a 300 CPSI (Cells per square inch) extruded, high porous (approx 45%), honeycomb structure
made from industrial mineral Cordierite, nominally Mg,Als(AlSisO1s)*. The tailpipe filter manufacturing
work process consist in assembling the filter unit into a stainless steel casing —the canning, that can be
mounted and replace the muffler/silencer in an existing exhaust system. The existing silencer or a piece
of pipe is cut out and the particle filter unit is mounted by flanging or welding depending on the space
envelope available on the specific vehicle. The main assembly process consists of mechanical

1 https://www.corning.com/worldwide/en/innovation/materials-science/ceramics/what-is-cordierite.html
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assembling of unit, metal forming and welding. The welding process is a combination between personal
and robotic welding.

In use, the filter thermally oxidizes the soot captured during idling, so no soot accumulation is expected
in the filter. No emissions of the cordierite filter material are expected during use other than minuscule
CO; from Soot/carbon oxidation during the regenerating/self-cleaning process. Analysis of secondary
emissions part of the testing matrix in WP1 to document this claim

At the end of service-life the tailpipe with the filter substrate and OE mounted three way catalyst (TWC)
will be demounted and is expected to be divided by cutting into pieces separating substrate and noble
metal catalysts from the remaining tail-pipe, including the retrofit particle filter unit. The particle filter
unit is expected to be recycled along with the steel tailpipe materials and processes would likely
involve, dividing into smaller pieces, shredding, cleaning, containerization and melting. Release from
the filter unit and degradation is expected only in case of accidents.

The most important occupational exposure scenarios are anticipated to be associated with
manufacturing of the filter unit (assembling the filter unit and cleaning of the workplace) as well as in
connection with mounting and demounting. Filter manufacturing and re-cycling processes are highly
industrialized with a high degree of automation and protection.

During mounting metal cutting and welding is performed on the existing tailpipe. The filter material,
cordierite, is described as fragile and brittle and dust may be released during handling of the pure
mineral filter in the assembly phase, but there is also a hypothetical risk of cordierite in tailpipe
emissions during use; especially if the filter unit is mechanically damaged. Accidental dropping of the
tailpipe particle filter during mounting and exchange may certainly result in release of the filter
material and soot if not disintegrated during use, but the levels of potential / accidental release of both
filter material and soot is not known. However, in case of used filters, captured combustion particles
are expected to be very low as they are expected to be thermally disintegrated during use. Finally, it is
anticipated that the tailpipe filter unit will be cut and shredded and re-used for new steel. The filter
material itself will be processed, grinded and milled for waste treatment and the steel parts will be re-
smelted. During such processes there are several possible exposures to metal and catalyst dust that
may be relevant to consider (shredding, cleaning, maintenance, recovery such as bagging or
containerisation).

Public exposure is considered relatively low in the product life-cycle. The highest exposure potentials
are related to factory release of dust where the ambient air may be contaminated by fine dust and
fumes from cordierite, metal cutting and welding penetrating through the filter systems and building
envelope. Similarly, release to the ambient air resulting in public air-pollution exposure to dust and
welding fumes may occur via workshop emissions during mounting and de-mounting processes. Yet,
these releases and resulting exposure in the public is considered very low to low. During recycling,
public exposure may occur to cordierite, metal dust and fumes released via stack emissions and
passage through the building envelope during recycling. These exposures are expected to local and of
very low to low scale.

Environmental release was assessed for similar processes and summarized in Figure 2c (air), d (water)
and e (soil). The peak potentials for release to air coincides with the scenarios with highest potentials
for human exposure among which cleaning processes and shredding is considered to be the most
potent ambient release scenarios to both cordierite and steel dust. It is anticipated that process
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filtration has high efficiency. Considering release to aquatic environment, the risk of release is generally
considered low and connected primarily to manufacturing and recycling where sedimentation of dust
released in stack and building envelope emission, released filter dust, as well as accidents where
release may occur from waste streams and containers. Potential soil contamination seems to be mostly
relevant for sedimentation of released dust during manufacturing and recycling. It should be noted
that the thermal oxidation of soot will result in CO, emissions as well as potential emission of other
reaction products and this should be taking into account in the future assessments of environmental

effects.
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Figure 2 LCRS scores of the potential exposure during the different steps along the LC of the tailpipe filter

solution considering: a) workers; b) the public; c) ambient air; d) waters; and e) soil. The squared symbols in c, d,

and e provides the overall median for each life cycle stage.
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The brake dust particle filter (BDPF) component materials consist of Steel parts, screws and bolts —
Corrosion Resistant CrNi-steel and Metal Fibers for the filter cage. The BDPF is designed as a retrofit
solution that can be mounted on the brake carrier by using a pneumatic or electric screwdriver. To
mount the BDPF on an existing brake system, the brake carrier needs to be adapted and adjusted with
mounting holes. Hence, some steel drilling is required.

The BDPF reduces the brake dust emission of a vehicle (bus). The BDPF will be mounted on the brake
carrier and encloses the brake disc. During a brake process, the brake dust will be collected in the filter
media of the BDPF.

The service part is the cage with the filter media. In principle, cleaning the filter medium is conceivable,
but it must be ensured that the washed-out brake dust does not get into the surroundings or the
environment. Therefore, cleaning of the filter media is not recommended.

The most important occupational exposure scenarios are anticipated to be associated with
manufacturing of the filter unit (assembling the filter unit and cleaning of the workplace) as well as in
connection with mounting and demounting. Most assembly is mechanic, but the 3D printed steel fiber
filter cages are assembled by laser welding, which is expected to result in ultrafine particle emissions.
Filter manufacturing and re-cycling processes are highly industrialized with a high degree of
automation and protection. The 3D printing of the filter cage is performed upstream involves several
steps (e.g., adding powder precursor and recovery of excess powder, emission during printing,
polishing steps) that can be associated exposure risks. However, as it is a supplied product, it is out of
scope for the project.

Negligible exposure is expected during mounting while some exposure to brake-wear dust may occur
during exchange and service. - Especially in case of accidental dropping of the filter service part. Finally,
it is anticipated that the filter service part will be discarded of and melted as a unit for steel recycling.
Yet, it may also be cut and shredded prior to melting. Therefore, there are several possible release and
exposures to brake-wear dust (shredding, cleaning, maintenance, recovery such as bagging or
containerisation), which needs clarification in the next step.

Public exposure risk is generally considered very low in the entire product life-cycle. The highest
exposure potentials are related to factory release of particles production and assembly. During
recycling, public exposure may occur to brake wear dust released via stack emissions and passage
through the building envelope during recycling. Exposure may also occur to public individuals if they
themselves remove / exchange the brake wear filter.

Environmental release was assessed for all life-cycle stages and summarized in Figure 3c (air),d (water)
and e (soil). The peak potentials for release to air coincides with the scenarios with highest potentials
for human exposure among which cleaning processes and shredding is considered to be the most
potent ambient release scenarios to both cordierite and steel dust. It is anticipated that process
filtration has high efficiency. Considering release resulting in aquatic exposure, the risk of release is
generally considered low and connected primarily to manufacturing and recycling where
sedimentation of dust released in stack and building envelope emission, and release in a potential wet
chemical waste stream, as well as accidents, where release may occur from waste streams and
containers. Potential soil contamination seems to be mostly relevant for sedimentation of released
dust during manufacturing and recycling and dry waste streams.
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Figure 3 LCRS scores of the potential exposure during the different steps along the LC of the brake wear filter
solution considering: a) workers; b) the public; c) ambient air; d) waters; and d) soil. The squared symbols in c, d,
and e provides the overall median for each life cycle stage.

The filter squares component materials consist of Alloy quality low carbon steel; Cross bars & pipes;
Mild steel studs; Non-alloy quality and structural steel; Sheet metal parts; Stainless steel
bolt/screw/nut; Stainless steel socket; Stainless steel washer; Steel blind rivet; Steel self-tapping screw
and Steel washer. The final filter material is still under investigation.

The filter square manufacturing work process consist in assembling and mounting of all the
components. The assembling process of Frame by Welding and Fastening is made at supplier facilities.
The other process of Mounting the Inlet and Outlet Grid by Riveting and manually by Fastening, as well
as the Mounting of Covers, of Smoke Detector Base Plate, of the Intake Port is made at
MANN+HUMMIEL together with other complementary processes such as: the Sealing of Intake Port,
the Assembly of Intake Port with Grounding Strap & Grounding Sticker, the Assembly of Acoustic Foam
and the Assembly of Fan.
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Figure 4 LCRS scores of the potential exposure during the different steps along the LC of the area air-filtration
solution considering: a) workers; b) the public; c) ambient air; d) waters; and d) soil. The squared symbols in c, d,
and e provides the overall median for each life cycle stage.

4.2. HUMAN RISK ASSESSMENT METHODS

According to WHO, inhalation of particulate air pollution in ambient air is causally related to various
adverse health effects including lung cancer, cardiovascular diseases and respiratory diseases including
asthma (WHO, 2023) (HEI, 2022). Animal studies have shown that inhalation of diesel engine exhaust,
elemental carbon nanoparticles and various metal oxide particles causes cancer. Furthermore,
inhalation of various soluble and insoluble particles induces acute phase response, which is causally
related to cardiovascular disease (Hadrup, 2020). The particle types include combustion particles such
as diesel engine exhaust particles, jet emission particles, welding fumes, soluble and insoluble metal
oxide particles and sanding dust of composite materials (Heinrich, 1995) (Bendtsen, 2019) (Saber,
2016) (Gutierrez, 2023). In addition, intervention studies confirm that reduction of exposure to black
smoke is accompanied by reduced mortality, primarily caused by reduced cardiovascular mortality
(Clancy, 2002)). Several epidemiological studies in both children and adults confirm numerous adverse
health effects of ambient air-pollution (Brumberg, 2021); (Stafoggia, 2022). Lately also specifically for
the concentration of ultrafine air-pollution particles (Schwarz, 2023) (Ohlwein, 2019).

Conceptually, a risk assessment is performed by combining information on exposure (levels of specific
external or internal exposure and its duration) and information on the hazard to the recipient (human
or environmental organism). Different qualitative to quantitative risk assessment approaches can be
applied depending the type and quality of available data and tradition in different domains.

A specific quantitative risk assessment requires quantitative information on the exposure (i.e. the
chemical substance(s), it exposure characteristics (exposure duration, frequency and concentration of
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solid, liquid, gaseous; if solid its number and mass size-distribution or size-fractions such as ultrafine
particles, PMj, PM,s, PM4/PMs, PMyo, and Total Dust). For assessment of particle exposures, several
different size-fractions exist, but only a few are used for regulatory risk assessment: PMs and PMyo is
for assessment of ambient particulate air-pollution; PM4 or PMs is used depending on country for
assessment of respirable dust in the working environment while Total Dust is used for occupational
exposure assessment when the exposure can be of health risk when also deposited outside of the
alveolar compartment. As ultrafine particles from traffic are abundant and of particular concern, but
normally only contributes minor to mass, it is important that both particle number concentration (PN
or PNC) and mass-concentrations into account.

A first assessment of the potential human exposure was already made in the first stage Life-Cycle Risk
Scoping (LCRS) analysis. This assessment is purely scaling based on qualitative assessment of the
different possible exposure scenarios (scaled extent x duration) in which release could occur from the
product or its manufacturing or recycling. The analysis did not include the effect on ambient air-
pollution levels. However, the results already points towards product-related scenarios of potential
concern and further investigation.

Occupational risk assessment is normally made for each substance (or dust mass concentration) and
evaluated against an occupational exposure limit (OEL) and its underlying risk ratios (likelihood of
outcome). When the exposure is complex a specific exposure limit can be derived based on the
fractional contribution from each substance.

Overall, release measurements (that can lead to emission rates) are planned in WP1, WP2 and WP3
while ambient, indoor area and worker exposure measurements are planned in WP3 and WP4. These
measurements all have focus on the particulate matter and specific compounds (size-distributions,
number concentrations, PM1o PM4/PMs, PM, s and ultrafine particles, BC (Black Carbon), EC (Elemental
Carbon), OC (Organic Carbon), PAH’s (Polycyclic Aromatic Hydrocarbon) and metals). When relevant
gaseous and organic compounds will be assessed as well. This is particularly important for the ambient
and closed-area studies. These levels of ambient and indoor air-pollution as well as occupational
exposure are the basis for specific risk assessments.

A final exposure measurement strategy for each product line cannot be completed at this point, but
will be defined after further investigation and clarification of manufacturing, mounting and down-
stream processes.

In some cases, it is not possible to perform measurement-based exposure measurements. In these
cases, we will use exposure modelling if possible, read-across from published relevant exposure
scenarios or a qualitative ranking or score.

Based on data on the identified exposure scenarios for the three case studies, we will perform a hazard
characterisation of the exposure constituents from 1) the production, recycling, and product-related
emissions and 2) the air-pollution components for which exposure will be reduced. Most of the
exposures are considered conventional (e.g., stainless steel welding, engine soot) and literature data
and OELs will be available for these.

In regards to the ambient air-pollution, we will primarily use epidemiological data. In regards to brake-
wear particles, there appears to be no specific hazard data for the moment. Therefore, we will to the
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extent possible also use data from animal studies to determine the specific toxicity of this type of
exposure. If data are unavailable for the specific exposure components, we will perform hazard
assessments using read-across in which we use information from other aerosol components for which
we expect similar adverse effects by similar modes of action.

The final human risk assessment will be performed based on dose-response relationships identified in
epidemiological studies, controlled human studies or intervention studies of emissions/exposures,
which are similar to the exposures in the case studies.

We will estimate the reduced aggravated symptoms (e.g., asthma), disease, and mortality based on
relevant intervention studies or epidemiological studies of exposures that are deemed relevant. We
will make separate estimates for public exposure and occupational exposure, taking the likely exposure
durations into account.

Workplace specific risk assessments may likely be possible based on the planned exposure
measurements in WP3 and WP4.

4.3.ENVIRONMENTAL RISK ASSESSMENT METHODS ALONG THE LIFE CYCLE

The environmental risk assessment is made considering both the environmental impact and risk to
environmental species.

Release and mass-flow analysis will be performed during demonstration activities in order to
determine the baseline of emissions from brakes and in (semi-) closed environments. This will
determine the ground reference for improving urban air quality and reducing the effect of polluting
emission on water and air as well as preventing damage to historic buildings.

The hazard and effects on the environment of the used and emitted substances are collected and
evaluated on the basis of existing ecotoxicity data and limit values for the individual substance groups
and environmental compartments as well as the different target organisms. The potential risk for the
environment results on the one hand from the exposure concentration in the different compartments
and on the other hand from the predicted no effect concentrations (PNEC) for the different target
organisms. Whether the particle size has an influence on toxicity will be clarified within the framework
of the project. In addition to the risk to specific organisms, the extent to which transport to other
compartments can occur will also be assessed. In addition to toxicity data, data on ageing will also be
included.

The Environmental Risk assessment will be performed based on exposure concentrations and
predicted no effect concentrations of the different substances for the different environmental
compartments.

4.4. FORESEEN INFORMATION REQUIREMENTS AND DATA COLLECTION PLAN

Exposure assessments will be made based on emission- and exposure measurements as planned in the
description of action. WP1, 2, and 3 provide specific emission and filtration efficacy measurements of
the retrofit solutions as needed. This data will be used to estimate the impact on area and ambient
exposure levels (e.g., particle number-size-distribution, PM,s, PM1o, metals, EC, BC, PAH) considering
relevant scenarios to be defined. WP3 also provide specific exposure measurement at the bus depot
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and metro station platforms were filter squares are tested. In WP4, occupational exposure
measurements are made at important exposure scenarios identified in the LCRS assessment. These
measurements will include particle number-size-distribution measurements, PM,, total dust, metals,
EC/OC, BC, and PAH as necessary. Measurements will be made using integrated filter collection (dust
size-fractions, EC/OC, PAH), real-time monitoring of particle number concentrations, particle size-
distributions, and BC.

For hazard data, we will focus on the major air pollution-induced diseases, lung cancer, cardiovascular
disease and respiratory disease. Based on the exposure assessments, we will identify studies with dose-
response relationship for relevant exposures or exposure components. We will prioritize
epidemiological studies, intervention studies and controlled exposures with relevant outcomes.
Concerning epidemiological studies, we will prioritize systematic reviews and meta-analyses.

Risk assessment will be based on the epidemiological studies on dose-response relationships identified
for the hazard assessment.

For Environmental Risk Assessment existing Ecotoxicity data and limit values for the individual
substance groups and environmental compartments for different target organisms will be used.

Based on these data and expected exposure concentration the potential risks can be evaluated.
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5. ENVIRONMENTAL LIFECYCLE ASSESSMENT

Life Cycle Assessment is used to determine the environmental impact of a product or service during
their entire life cycle. The life cycle includes the mining of the materials, production of the components,
transportation of the product, usage of the product and the end-of-life processes of the product.

Environmental impact comprises the emissions that occur during these life cycle phases and have an
impact on the local or global environment (including humans). These relate not only to GHG emissions,
but also include emissions such as (hazardous or toxic) particles and gasses, naturally occurring and
waste emissions resulting from extracting materials from its environment (e.g., crude oil and ores).

5.1. METHODOLOGY USED IN AEROSOLFD

This LCA complies with the framework in the 14040-14044 standards defined by the International
Organisation for Standardization (ISO STANDARDS BYISO/TC 207/SC 5 - Life cycle assessment, 2022).
The LCA studies within the AeroSolfd project and for its partners are performed as described as
summarized below and uses actual data (where available), supplemented with the use of GaBi
databases by Sphera (Gabi Sphera, n.d.), which safeguards also compliance with the (aforementioned)
ISO standards.

The main phases of an LCA are the following and are visually depicted in Figure 5:

1. Goal and Scope Definition; The reasoning for carrying out the research is defined. The
required level of detail is described and basis for comparison is chosen.

2. Life Cycle Inventory Analysis; A model is created which illustrates the life cycle and the
processes involved. Data is gathered to quantify the mass and emission flows.

3. Life Cycle Impact Assessment; The effect of the emissions and the usage of resources is

analysed by grouping the quantified emissions and mass flows into a limited number of
environmental impact categories.

4, Life Cycle Interpretation; The results are checked for consistency and completeness. They
are then evaluated and reported in an informative way.

Goal and scope G&S

definition
I Life Cycle
Life Cycle Inventory LCl +—> Interpretation

I

Life Cycle Impact LCIA
Assessment LCIn

Figure 5 the main phases of an LCA

Goal and Scope definition and Life Cycle Inventory
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The life cycle phases (visualized in Figure 6) that are being considered for the AeroSolfd project demo
cases are the following:

e The extraction of all raw materials.

e The production and manufacturing of the parts.

e The transportation of the materials and parts to the manufacturing sites.

e The emissions associated with the use phase of the component. Including maintenance and
repair.

e Lastly, through the end-of-life of the components themselves.

Raw materials

\4

Parts manufacturing

v

Product manufacturing Recycle

v

Product seller Refurbish

v

Maintenanceand
Product use

repair

v

Disposal/incineration

Figure 6 the life cycle phases

Life Cycle Impact Assessment

The environmental life cycle impact of the demo cases will be assessed and compared to their business-
as-usual situation. This comparison will be made based on the environmental performance of the use-
case and the benchmark, as determined by LCA practices, and analyses emissions, materials, energy
consumption, and pollution throughout the life cycle of the use-case components. The LCA impact will
be defined as all environmental effects falling under the impact categories and associated emissions
specified in the ReCiPe 2016 impact assessment method. During a Life Cycle Impact Assessment (LCIA),
all the emissions and resource extractions are categorized into a set of environmental impact scores
by so-called characterisation factors. There are typically two types of characterization factors, midpoint
level and end-point level indicators. ReCiPe specifically has 18 midpoint levels and 3 endpoint levels.
An example of the translation into the different levels is as following: Increase in Carbon Dioxide
increases the greenhouse effect which means it has an effect on the midpoint level indicator Global
Warming. Global warming on its way damages by increase in causes, increase in malnutrition, damage
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to freshwater species and terrestrial species, which effect the end point level indicator Damage to
Human Health and Damage to ecosystems.

5.2.FORESEEN INFORMATION REQUIREMENTS AND DATA COLLECTION PLAN
Temporal and geographical boundaries

This study mostly uses data extracted from the GaBi database. Other data comes from either literature
studies or directly from the industrial plants (provided by the DEMO partners). All datasets that are
used have to be valid until the end of the AeroSolfd project (2025). The geographical
representativeness of the datasets is dependent on life cycle stage of the process. As default, the EU-
28 (European Union, 28 countries) averages are used, unless specific knowledge of the region of
production is known. For example, concerning the manufacturing of the retrofit brake dust particle
filter, Germany is used as geographical region. When multiple datasets for one process are available,
a quick analysis on the specific datasets needs to be performed. The criteria on the choice datasets are
the following:

Geographical representativeness:

e Choose the dataset that is located in the specific region the process occurs.
e If unknown or unavailable, use EU-28 (European) averages.
e If unavailable, use the Global (GLO) averages.

Temporal representativeness:

1. Choose the dataset which reference year falls under the ‘years of manufacturing’ of the
benchmark vehicle.
2. If unavailable or when multiple datasets fall under this requirement, choose the dataset

with the most recent reference year.
Treatment of recycled materials

Allocation of the recycling and reuse of the materials isimportant in LCA. The method in this LCA study
to account for this is to apply scrap credits to the scrap that comes from all the production processes
and end-of-life systems. This is called “value-corrected substitution” and is a method used in LCIA (Life
Cycle Impact assessment) which tackles the down cycling issue in LCA when handling products with
high scrap ratios.

During production and EOL, large volumes of scrap are produced and recycled. However, the material
quality is often lower than that of the virgin material, which means that often the scrap material can’t
be replaced by the virgin material on a one-by-one basis. The “value-corrected substitution” method
uses the price ratio between different grades of scrap (based on their quality) and the virgin material.

Figure 7 provides an example of how this method is used in LCA. In this example the shredded steel
from the post-shredding/sorting process is directed to a process called “No. 4 shredded steel-scrap
credit”. This is the process containing the price ratio of the scrap and the virgin steel. The number (No.
4 in this example) relates to the quality of the scrap material. The second input in this process is the
“DE: Stainless steel cold rolled”, which is a negative input, which means that the environmental impact
of the stainless steel is now environmental savings (negative emissions).
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Figure 7 an example of the value-corrected substitution method

Exclusion and cut-off criteria

To keep the scope of the LCA manageable within the available timeframe and focus the analysis on the
most impactful elements, some processes and materials will need to be excluded. Processes will be
excluded if their mass or energy flows are less than 1% of the total. Mass and energy are used to
estimate environmental relevance, as it is not possible to determine the environmental relevance of a
flow without conducting an LCA.

Data sources, data collection and assumptions

The data of the database from Sphera GaBi is used for all the background processes of the life cycle of
the demonstrators. This includes the production of steel ingots, sheets and plastic granulate, but also
the flow inputs as electricity and cooling water. The most representable data regarding the real-life
scenario is used to make an as accurate analysis as possible. The processes that are used to fabricate
the parts themselves are derived from manufacturing partners and the production area. The difference
in use phase emissions of the business-as usual situation versus the demo cases are measured and
calculated by the partners of the AeroSolfd project and will serve as the benchmark to compare and
evaluate the total life cycle emissions of the demo cases.

As data collection method, templates (see Annex 1: LCA data collection templates) will be used to
ensure that the correct data is requested from the partners in a structured way. The templates will be
shared with the partners, who will be asked to fill them in and provide it to the environmental analysist.
Two templates will be used:

o Bill of Materials (BOM) of all products and components used. The BOM template covers the
composition of the product, the raw materials used, and transport distances or purchase
location (in which case the distance will be calculated using Google Maps).

e Process flow template. This template is used to identify energy and resource usage and
emissions flows for every process in the life cycle. These templates are specifically used for
primary data, i.e. directly from the manufacturing partners.
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The data collection for the LCA will cover the five life cycle phases (as described in 5.1) of the use-cases
as follows:

1.

The extraction of all raw materials. This data will mostly come from secondary sources
(databases and literature). The amount of raw material used will be identified using the BOM
templates.

The production and manufacturing of the parts and the product. This data will be retrieved
from the process flow templates provided by the suppliers and manufacturers. If primary data
is not available, it is important that the LCA specialist has a good technical understanding of
the manufacturing (and assembly) technologies and processes in order to find data that is as
close to the specific case as possible. This technical understanding can be gained through
meetings and interviews with product-specific suppliers and project partners with this
knowledge.

The transportation of materials and parts to the manufacturing sites. This data will be
gathered using the BOM template. Data owners are likely to be person(s) within the product
manufacturers who are responsible for the procurement of materials.

The use phase emissions of the business as usual situation and the demo case situation. Data
on the emissions during the use phase of the business-as-usual scenario and the
demonstration case scenario will be collected through measurements and calculations during
field tests as part of the AeroSolfd project.

The end-of-life of the products themselves. Data concerning the processes for waste disposal
will be gathered using the process flow template provided by the stakeholders responsible for
this task.
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6. SOCIAL LIFECYCLE ASSESSMENT

6.1.METHODOLOGY USED IN AEROSOLFD

The UNEP/SETAC Life Cycle Initiative developed a methodological framework for developing Social Life
Cycle Analysis (S-LCA) which follows the same steps of the environmental LCA, explained | section 5.1;
and which is aligned with 1ISO 14040 and I1SO 14044.

An extensive list of indicators for performing S-LCA was developed based on guidelines and standards
of Corporate Social Responsibility such as ISO 26000 and Global Reporting Initiative (GRI). But as
recently referred by several authors, including Toniolo and colleagues (2020), ‘However, the level of
methodological development, application, and harmonization of S-LCA is still at a preliminary stage.’
In fact, a list of indicators for performing S-LCA is far from a common accepted one, as the indicators
are too high level and lack detail to conveniently address the social impacts of a specific product or
service along its life cycle.

Hence, in a first stage, it turned out the need to revisit some guidelines of International Association for
Impact Assessment and cross the S-LCA framework with the methodologies and indicators used in
Social Impact Assessment of projects, in a way to enlarge and improve the batteries of indicators for
performing S-LCA, and for linking midpoints and endpoints (UN SDG). This is then to be
revised/complemented with information rising from interviews with operators and other experts,
similarly to the work developed by Jasinsky and colleagues (2016).

The following image extracted from RiskGONE Deliverable 3.5 — Guidelines on Societal Acceptance of
Nanomaterials, adapted by Factor Social (FS), provides an insight of the steps that will be performed
for evaluating the Social impacts of the AeroSolfd solutions, which results from crossing S-LCA and
Social Impact Assessment methodologies.

Social Impact Assessment Framework (FS, 2022)
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Figure 8 Social Life Cycle Impact Assessment Framework

Selection of Life cycle boundaries

The intended application of S-LCA to AeroSolfd solutions will be:
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e learning about the product and identifying positive and/or negative social “hotspots” and the
options for reducing the potential negative impacts and risks (or improving positive impacts
and risks), through product development and action in the supply chain, or through product
use, and handling during operation and/or disposal.

e establishment of improved purchasing procedures or specifications, marketing, reporting and
labelling, strategic planning, or development of public policies which can support the reduction
of negative impacts or granting positive impacts. (...)

Thus, on a first stage we will be focusing on the manufacturing, operation stages and disposal of
materials.

Stakeholders

In order to identify the stakeholders to be considered in S-LCA, one shall screen a wide range of groups
such as the ones presented in the following figure.

Regulators /
Policy Makers

Figure 9 Groups that shall be screened for identifying stakeholders

Following the Social Impact Assessment Framework displayed in RiskGONE Deliverable 3.5 — Guidelines
on Societal Acceptance of Nanomaterials, adapted by Factor Social (FS), for fully identifying the social
impacts, one needs to consider the different groups of stakeholders, considering the three subset of
stakeholders:

e Primary user — direct user of the product; those who manipulate or use the product (product
developers, drivers, maintenance...)

e Secondary user — people dealing with remaining or modified parts of the product ; e.g. people
dealing with waste materials or those who are reusing products, or people dealing with
materials that are part of previous products for instance due to circularity of materials (waste
collectors)

e Passive user — Person exposed to the product, or affected by the development or operation of
the product (e.g. companies using the product — effect on image; cities where the vehicles
operate; citizens...).

The following table provides a first overview of the stakeholders that shall be considered during the
Social Impact Assessment.
Table 2 Stakeholders to be considered during the Social Impact Assessment

Manufacturing Operation Disposal
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Primary Users Producer and its Maintenance Maintenance
workers companies and companies and
workers workers

Suppliers of

components/raw Drivers Companies performing

materials waste collection and
management and
their workers,

Secondary Users Companies performing waste collection and management and their

workers, re-users

May require the engagement of policy makers or regulators of waste
management in case changes to regulations are required

Passive Users Families of the Companies using the Municipalities (city

workers, products(from managers)
. companies or "
Citizens from e citizens exposed to
. individual ones),

communities results of product
surrounding the Municipalities (city reuses or end-of-life
manufacturing areas, | managers) treatment

Citizens living in areas
where transports
using the solutions will
be running

We can address stakeholders either directly or through their representatives.

Social impacts identification

In order to identify broad categories of social impacts that can be connected with AeroSolfd solutions,
the team performed 3 steps in parallel:

Critical analysis of the hotspots, midpoints and endpoints presented in the Jasinsky paper
Interviews with stakeholders as complementary information to eventual social impacts of the
solutions being developed;

Critical analysis of the inventory indicators’ list provided in the Methodological Sheets for Sub-
Categories in Social Life Cycle Assessment (UNEP & SETAC, 2013) which covers most of the
indicators presented in S-LCA literature;

Literature review on PM, s social impacts.

The critical analysis of the hotspots midpoints and end-points presented in the Jasinsky paper and the
critical analysis of the inventor indicators provided by S-LCA literature can be found in the Annex 2.

The following table presents a list of possible social impacts rising from a first screening of literature
review on PM2,5 social impacts, and relates them with different types of stakeholders to be
considered.
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Table 3 List of possible social impacts
Groups of stakeholders |Pre-assessment of possible social impacts

Competitors for the same ¢ How does the competition for the raw product impact on:

raw materials o the price of the materials

o other activities (e.g. are there activities which cannot afford the
price and will be ending, with prejudice for the workers of such
activities and their families, and eventually for cultural heritage)
Developers e Jobs created and families’ economy

e Work safety — How safe is the maintenance, is there the need for
special protective measures?

e Economic profitability of the company

Communities surrounding e  Which are the risks associated to the process, accidents on the

the factory facility and contamination of environment (air, water or soil), and
how can it affect surrounding communities?

Users (companies and Interference with:

drivers) e Driving

e Vehicle performance and impact on fuel consumption
e Maintenance (changes on maintenance required and economic
impact will define if people are lefts with more money or less money
on their pockets)
¢ Image (personal/company)
Maintenance Direct or indirect (i.e.: does it conflict with other parts of the vehicle
posing difficulties to their maintenance?)
e Work overload - How easy is maintenance, does it imply more
hours of work?
e Work capability / training — Are there special capabilities
required for maintenance?
o Work safety — How safe is the maintenance, is there the need for
special protective measures?
Citizens Exposure to noise, air quality, waste and its indirect impact on:
e Health
o Improved Health due to reducing PM, s effects (premature death
in people with heart or lung disease; nonfatal heart attacks; irregular
heartbeat; aggravated asthma; decreased lung function; increased
respiratory symptoms, such as irritation of the airways, coughing or
difficulty breathing -EPA).
o Health effects due to other impacts of the technology (e.g.
impacts of the technology on noise, waste...)
o How do Health impacts reflect on health services?
o How do Health impacts reflect on demographics?
e Quality of Life
o Improving quality of life by reducing PM. s physiological stress;
o Impacts on attention, performance, social support and social
cohesion, due to other impacts of the technology (e.g. impacts of the
technology on noise, waste...)?
e Livelihood and socio-cultural heritage
o Reducing possible impacts on fishing, tourism or other human
activities (by reducing lakes and streams acidic and/or changing the
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Groups of stakeholders |Pre-assessment of possible social impacts

nutrient balance in coastal waters and large river basins and
consequently in ecosystems biodiversity — EPA)

o Reducing possible impacts on agriculture and possible local
products (economic impact, impact on ways of living and possible
cultural impact, depending on how heritage representative are the
cultures affected)

o Other possible impacts on activities due to other impacts of the
technology (e.g. impacts of the waste on soil and water; impacts of
collecting or competing for raw materials in other human activities)?
e Community identity

o Risk Perception towards PM;s and values regarding air quality
and is relevance

City Managers e City environmental quality, identity and attractivity (impact of
environmental indicators on attracting economic activities — tourism,
companies... and increased economy and quality of life)

o Air quality

o Noise

o Waste

e Built Heritage

o Reducing PM;s will decrease their contribution to acid rain
effects on materials such as stain and damage stone and other
materials, including culturally important objects such as statues and

monuments.
Political, Institutional and ¢ Social Pressure for Legal/Regulatory change towards improved
Legal control of PM; s
\Waste collectors and o Work safety — How safe is the maintenance, is there the need for
waste treatment / waste special protective measures?
reuse e Work capability / training — Are there special capabilities

required for waste treatment or for product reuse or recycling?
e Economic profitability of the process and/or company;
e Any new jobs created and families’ economy?

After merging indicators coming from the 4 sets of sources (Social LCA, Jasinsky paper, stakeholders’
interviews and PM,.simpact assessment literature review) a first screening was performed to identify
a first version of the list of indicators to be used in AeroSolfd Social LCA.

Social impacts Evaluation

Below we present a table of categories of impacts that are common to use on evaluating impacts of
projects (roads, industries...). The challenge is to adapt it to the products and choose what are
relevant for evaluating AeroSolfd solutions’ social impacts. This selection and adaptation will be
performed in a later stage.

Table 4 Evaluation of Impacts

Criteria Scale

Direct / Indirect Direct (first order) / Indirect (second order, third order..)
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Criteria Scale

Direction Positive / Neutral / Negative

Significance Null or Non Significant / Very Low / Low / Medium / High /
Very High

Magnitude Nule (0% - 1%) / Very Low (1% - 5%) / Low (5% - 30%) /

Medium (30% - 70%) / High (70% - 95%) / Very High (95% -
99%) / Extreme (99% - 100% )

Geographical Extension

Individual / Household / Neighbourhood / Parish / District
Region / Country / International

Duration Days / Months / Momentary (Less than 1 year) / Short term (1
- 5 years) / Medium term (5 - 10 years, less than project
lifespan) / Long term (10 - 20 years, lifespan of the project) /
Multiple generations

Reversibility Reversible / Irreversible

Likelihood Uncertain / Certain
None / Unlikely / Likely / Most Likely / Definite

Confidence Low / Medium / High

Consequence Insignificant / Minor / Moderate /Major / Catastrophic

Importance Low (<4) / Medium (4-5.9) / High (>6)

Intensity None /Low /Medium / High /Very High

Reference scale

+2 (Ideal performance)

+1 (Progress beyond)

0 (Compliance with local laws)

-1 (Non-compliant situation, Improving)
-2 (No data, or Noncompliant Situation)

Risk Management Measures

In the end risk management measures will be proposed for the most significant impacts, considering
both positive and negative impacts. These will be discussed with the product owners to select which
ones to be implemented, by whom and how.

Besides interpretation of results and LCA reporting (which include social impact evaluation and risk
management measures, the Life Cycle Interpretation shall also provide.

e Consistency & completeness check,
e Evaluation of the level of stakeholders’ engagement
e  Contribution, sensitivity and uncertainty analysis.

Co-funded by 38
the European Union




D4.1 — Sustainability framework, information requirements and data collection plan

AYAeroSolfd

filtration devices

6.2.FORESEEN INFORMATION REQUIREMENTS AND DATA COLLECTION PLAN

In line with S-LCA, the main steps for data gathering are the following:

a) Identify impact categories and subcategories to be addressed

b) Define the types of impact to be evaluated and the related indicators and methods.
c) Plan the interpretation and identify assumptions, limitations, analyse data quality

d) Primary data; collected by the organisations (e.g. audits of enterprise documentation and
documentation of authorities), use of participative methodologies (interviews, focus groups,
guestionnaires, and surveys)

e) Secondary data; literature, expert interviews, reports, LCl databases

The stages for conducting the first two steps (identification of impact categories and subcategories
and definition of indicators) were explained before, in the previous section.

Opposite to Environmental LCA which is already a well-established process with clear categories and
indicators data sets which are commonly accepted, the S-LCA is a young process with considerable
limitations such as the following, pointed out by several authors including Jacob-Lopes et al (2021):

¢(...) although there are guide categories to date, the indices and subindices of the indicators have not
been well established.

¢(...) a factor of major awareness about the social life cycle assessment, it is the mode of obtaining
the data, since this approach uses imprecise and site-specific data determined.

¢(...) the measurement process can be quantitative, semiquantitative, or qualitative,

e (...) incomplete, as it misses non-social phenomena that cause social impacts (e.g. environmental
data)

Because of it, S-LCA is still a very iterative process, moving back and forward, and the interpretation
and assumptions, limitations and data quality strongly depend on the information that will be find out
during the data gathering process.

Moreover, because AeroSolfd solutions are still being developed and this is an early stage in the
process, while reports will be able to provide reliable quantitative indicators on Business as Usual
scenario (e.g. number of workers), it will be hard to have concrete quantitative estimations for
indicators regarding the AeroSolfd solutions’ scenario (e.g. how many workers will be hired for
producing 100.000 units of the AeroSolfd solution).

The information requirements directly depend on the categories of social impacts and indicators
selected for performing the assessment. The image below, extracted from the Guidelines for Social Life
Cycle Assessment of Products (UNEP& SETAC, 2009) presents the reasoning between categories and
subcategories of social dimensions to be addressed, and data to be gathered concerning the relevant
indicators.
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Stakeholder Impact E—
categories categories Subcategories  Inv.indicators -
Workers Human rights -

Local community  Working conditions | [l

Society Health and safety u

Consumers Cultural heritage [

Value chain actors | Governance [ |

Socio-economic D -
repercussions

Figure 10 Assessment system from categories to unit of measurement. Adapted from Benoit et al., 2007

In line with those, the main sources of information for data gathering when performing the product
social assessment will be:

Formal and Legal Reports from the manufacturing companies which may contain relevant
data concerning the social indicators

Interviews with stakeholders which can report how the product affects for instance the
producer (e.g. changes in number of workers...), of the operations (e.g. driving, maintenance...)
and which allows to establish the difference between the Business as Usual scenario and the
demo case scenario — in order to produce reliable data the team will try to find the person
within the organisation which can represent the most reliable source for the data;
Calculations and conclusions rising from Environmental LCA and from Health assessment as
these provide relevant information for foreseeing social impacts (e.g. environmental impacts
concerning acidotic rain (increase or decrease) will define the impact in public outdoor
artwork).

Social widely accepted data sets such as EUROSTAT or National Statistics Institutes. The team
aims to present the evaluation of social impacts in a semi-quantitative way.

A detailed list of the indicators, the methodology for collecting each of them and the form they will be
presented (qualitative, semi-quantitative or quantitative), and their connection with Sustainable

Development Goals, is presented in Annex 2.

* %
* *
* *
* *

gk
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/. OVERALL SUSTAINABILITY ASSESSMENT

The overall sustainability assessment in AeroSolfd will be based on an integrated analysis of the
information obtained as part of the human and environmental risk assessment (HRA and ERA) along
the product LC as well as the LCA and S-LCA results and how they contribute to overall sustainability
goals. Below we make an overview of the approaches and method considered to be integrated in the
framework. These elements include the stage-gate innovation risk governance framework, HRA, ERA,
LCA, and S-LCA and existing sustainability frameworks and goals defined by the UN.

Each approach will as well identify the focused impact category and the corresponding midpoint,
starting from the identified SDG (Sustainable Development Goal) endpoints and by going backwards
(dotted arrows in the figure 11 below). The SDG endpoints and their targets and indicators can as well
be used as reference for the midpoint identification in order to align the impacts and harmonize the
data collection and inventory contemplating the impacts indicators at different stages and along the
cause-effect chain (green arrows in the figure 11 below) before the SDG endpoint is reached.

Approach

Inputs es/tools Outputs
Y R iy g
..... - >

Figure 11 Sketch representing the conceptual framework approach

7.1. UN SUSTAINABILITY GOALS AND RELEVANT SUSTAINABILITY FRAMEWORKS

The retrofit solutions proposed in AeroSolfd will directly contribute to some of the seventeen UN
Sustainable Development Goals (SDG) which are presented below through their UN description; and
with a graphical presentation (Figure 12) that includes the association with dimensions of sustainability
impact of AeroSolfd. The UN SDGs to which AeroSolfd will contribute are:

SDG 3 - Good Health and Well-Being (Ensure healthy lives and promote well-being for all at all ages);

SDG 6 - Clean Water and Sanitation (Ensure availability and sustainable management of water and
sanitation for all);

SDG 8 - Decent Work and Economic Growth (Promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all);

SDG 9 - Industry, Innovation and Infrastructure (Build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation);

SDG 11 - Sustainable Cities and Communities (Make cities and human settlements inclusive, safe,
resilient and sustainable);
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SDG 12 - Responsible Consumption and Production (Ensure sustainable consumption and production
patterns);

SDG 14 - Life below Water (Conserve and sustainably use the oceans, seas and marine resources for
sustainable development);

SDG 15 - Life on Land (Protect, restore and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, and halt and reverse land degradation and halt
biodiversity loss);

SDG 17 - Partnerships for the Goals (Strengthen the means of implementation and revitalize the Global
Partnership for Sustainable Development).

Safety

h 4

3 GOOD HEALTH CLEAN WRTER DECENT WORK AND 14 LIFE 17 PARTHERSHIPS

WD WELL-BEING WA SANITATION [CONOMIC BROWTH BELDW WATER FOR THE DOALS
/\/ e

—W ® ii '

Figure 12 the sustainability impact dimension and UNSDGs in AeroSolfd

Relevant sustainability frameworks and concepts were taken into consideration (i.e: Safe and
Sustainable by Design — SSbD; JRC-Safe and Sustainable by Design chemicals and materials; Cefic-Safe-
and-Sustainable-by-Design-Guidance; Jasinsky et al. 2016 - A comprehensive framework for
automotive sustainability assessment) as well as recent policies; such as the Chemicals Strategy for
Sustainability (CSS, 2020); Zero Pollution Action Plan; Circular Economy Action Plan; European Green
Deal (2021); EU's 2030 Climate Target on the way to climate neutrality; Materials 2030 Manifesto;
Advanced Materials Initiative 2030 (AMI2030); Strategic Research and Innovation Plan for safe and
sustainable Chemicals and Materials; and UN Transportation report 2021.

7.2. OVERALL SUSTAINABILITY FRAMEWORK FOR AEROSOLFD

A preliminary top-down conceptual sustainability assessment framework was proposed and discussed.
The overall framework concept was built on the SDGs, to which the project will contribute, and was
inspired by life cycle thinking approach described in “A comprehensive framework for automotive
sustainability assessment” by Jasinsky et al. 2016.

The Indicators and Targets envisioned by the UN related to the SDGs to which AeroSolfd aims to
contribute were underlined and whether possible integrated with other specific indicators identified
by the expert’s partners of AeroSolfd project (ANNEX 3). This was done in order to build a tailored
overall sustainability assessment framework to the AeroSolfd products and contributions and in line
with the SDGs as envisioned by UN.

The overall framework was conceived by starting from the SDGs related to AeroSolfd project, and draw
back to the Impact categories, via the approach and tools in order to identify the inputs necessary data

Co-funded by
the European Union

42



D4.1 — Sustainability framework, information requirements and data collection plan

AYAeroSolfd

filtration devices

needed from external stakeholders and WP leaders for the three AeroSolfd retrofit solutions, as
illustrated in Figure 11 presenting the sketch of the conceptual framework approach. A preliminary
draft version of the framework was built and shared with the partners for discussion. This first version
of the framework was built on life cycle thinking approach proposed in the Jasinsky et al. The
framework included a first attempt reflection of the changes expected to be achieved by AeroSolfd
retrofit solutions, as well as some qualitative indicator related to these changes and the possible
approach for assessing it (e.g.: Governance, LCA, S-LCA, HRA, ERA). The UN SDGs to which AeroSolfd
contributes were kept as the End-Points of the framework. An overview of the framework, built in an
Excel Spreadsheet, is presented in the ANNEX 4.

The framework was circulated within WP4’s Partners and feedback and exchanges of views were
gathered in round-table meetings consultations. Which lead to an update of the whole framework
concept including the addition of the safety section that was not taken into account in the previous
version.

The update version of the framework referred more clearly to the four safety and sustainability
dimensions (i.e.: Safety aspects along the value chain; Environmental/Resource aspects; Social criteria
aspects [workers, local communities & consumers]; Economic aspects [Market related criteria]) as also
described by the JRC Technical report on Safe and Sustainable by Design chemicals and materials.

This new design of the framework included a preliminary data requirements list section, with the aim
to be discussed and shaped with stakeholders engaged in providing that data; a section for the
identification of potential indicators and aspects that may useful to take into account (as inspired by
the JRC Technical Report on Safe and Sustainable by Designs chemical and materials and by the Safe
and Sustainable-by-Design report of CEFIC); and a section for identifying the corresponding approach
used (i.e.: for the ERA, HRA, LCA, S-LCA).

The overall updated conceptual framework was then built as illustrated in the graphical sketch in Figure
13 below. This version of the framework consist on the basic building block build on the specific case
of AeroSolfd which will be expanded and further developed through the stage-gate innovation funnel
concept. In fact, AeroSolfd project has higher TRL which corresponds to an advanced step in the
innovation funnel process as illustrated in the figure below.
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Figure 13 conceptual framework for the sustainability assessment in AeroSolfd

Through a bottom-up approach this block of the framework will be further refined based on the scoping
and pre-risk assessment scenarios for the three line of the AeroSolfd products and solutions, which
were discussed in Chapter 3.

Following the preliminary top-down approaches, the bottom-up approach was then built on dialogues
with the WPs leading partners engaged in the development of the three AeroSolfd products and
solutions; namely: 1) Tailpipe Retrofit- Development and Demonstration (WP1), 2) Retrofit Brake Dust
particle filter — Development and Demonstration (WP2), 3) Retrofit solutions for closed environments
-Product Optimisation and Demonstration (WP3).

The bottom-up approach is presented in Chapter 3 and consisted of a Tier 1 qualitative Human and
Environmental pre-risk assessment (or categorization) to allow a comparable risk scoping of the human
exposure and environmental release of chemicals and particles during the LC phases ((1) the raw
materials/intermediates; 2) the manufacturing of item/assembly item; 3) the downstream sales; 4) the
in use/maintenance; and 5) the recycling/end-of-life) for each of the three line of the AeroSolfd
products and solutions.

The scoping analysis helps us to identify processes and LC phases of potential concern for chemicals
and particles exposure and release along the LC and forms the background for dialogue and
prioritization for data gathering with the AeroSolfd developers. The final selection of measurements is
made after additional dialogue and site visits.

The description of process scenarios will moreover help to further refine the LCA (presented in Chapter
5) and S-LCA (presented in Chapter 6) which can be framed and outlined in accordance with AeroSolfd
project specific cases.

For example, understanding the processes involved in manufacturing AeroSolfd products is crucial for
establishing process flows. This, in turn, provides guidance on what data needs to be collected in terms
of material, energy, and chemical inputs for each phase of the LCA — including Raw Materials,
Production, Transport, Use, and Disposal. Additionally, knowing when and where these processes
occur helps in defining the temporal and geographical boundaries necessary to select the most relevant
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dataset for the specific region where these processes are located. Furthermore, assumptions specific
to AeroSolfd process scenarios can be made as needed

Understanding the processes of the AeroSolfd products and services helps to refine further the S-LCA
study as well. For instance, the information on the process relatively to the manufacturing, operational,
use and disposal helps to identify the stakeholders involved which is crucial for a comprehensive
assessment of social impacts. Additionally, this information assists in categorizing stakeholders
throughout the life cycle phases. This categorization, in turn, refines the identification of categories of
social impacts associated with AeroSolfd solutions, as discussed in Chapter 6.

Through a bottom-up approach the block below (Figure 14) showing the overall framework will be
further refined based on the scoping and pre-risk assessment scenarios for the three line of the
AeroSolfd products and solutions, which were discussed in Chapter 3.

The ongoing further improvement of the overall framework will be based on the data collection and
measurement from the demonstrations activities. These will as well help to the refinement of the
dimensions and aspect contributing to the SDGs to which AeroSolfd aims.

In the overall framework we considered four dimension and specifically addressed the safety. In fact
while recognising that safety is an integral part of the three sustainability dimensions (environmental,
social and economic) with the discussion and analysis of scoping scenario we identified the potential
safety aspects inherent to each of the AeroSolfd solutions. The further improvement of the framework
will therefore determine the specific criteria and the essential inputs for the assessment of the safety
aspects, and whether they should be primarily based on their intrinsic hazard properties or on hazards
combined with exposure in relation to their application or use in line with the ongoing discussions
within the scientific community in the context of SSbD.

The improvement of the framework will as well refine the elements of the dimension and aspect
considered in the framework that will contribute to the SDGs identified in the AeroSolfd aim. As per
within the Safety dimension will contribute to Goal 3, Goal 12, Goal 14, Goal 15 and Goal 17; and within
the Environmental dimension will contribute to Goal 6, Goal 11, Goal 14 and Goal 15; and within the
Social Dimension will contribute to Goal 3, Goal 8, Goal 9, Goal 11, Goal 12, Goal 14, Goal 15 and Goal
17; while within the Economical dimension will contribute to Goal 8, Goal 9, Goal 12 and Goal 17; (see
illustration in Figure 12 the sustainability impact dimension and UNSDGs in AeroSolfd above).

For the environmental impact, the project is set to reduce impact on global warming and detrimental
impact on historical buildings by soot and acidic emissions. Numbers concerning these aspects will in
part be derived from the LCA approach where mass-flow analysis are completed (Chapter 5). A first
tier environmental impact assessment can be made by estimating the effect of changed emission and
thereby change in air-pollution levels of e.g., CO,, NOy, SO,, ultrafine particles, PM,.s and PMo as well
as BC, EC and OC when implementing retrofit solutions at different scales. To allow an estimate of the
positive impact by reducing the concentration of specific air-pollution components, it is necessary to
perform a literature study to investigate whether any quantitative links have been made between
levels of specific air pollutants and damage to buildings.
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The demonstration activities performed within the project will furthermore determine a baseline of
the emission before the implementation of the retrofit filtration solutions (i.e.: the tailpipe filter, the
brake dust particle filter and the filter squares filters) and the effect of the retrofit solutions in reducing
the damage to historic buildings as well as the reduction of the impact on the health and environment
will be assessed afterwards comparing in comparison with the data from literature studies.
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%Aerﬂsoud AeroSolfd - Safety and Sustainability by Design framework [SSbD]

filation devices
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impact in community knowledge and awareness

Changes in policy due to the AsroSolfd solutions.
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Figure 14 conceptual strategy for the overall sustainability framework and process for identification of information requirements
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7.3. DATA COLLECTION PLAN FOR OVERALL SUSTAINABILITY ASSESSMENTY

In this section we introduce the preliminary list of the indicators that have been identified in the top-
down approach. They were identified for the Data Collection and Inventory (e.g.: Data
Collection/Inventory= ex. for LCA: CO2/NOx/Emission of other source; ex. for RA: Hazardous
substances identification; Exposure Assessment; Dose Response Assessment) as per the inputs phase.

The list of indicators will be then combined with the specific case/scenario identified in the bottom-up
approach and the plan for the data collection and the applicable criteria will be determined
accordingly.

The data collection process for LCA will employ specialized templates to ensure a structured and
precise delivery. The main templates used are:

Bill of Materials (BOM) of all products and components used. The BOM template covers the
composition of the product, the raw materials used, and transport distances or purchase location.

Process flow template. This template is used to identify energy and resource usage and emissions
flows for every process in the life cycle. These templates are specifically used for primary data.

The data collection for the LCA requires a Life Cycle Inventory, can be classified in the five following
phases:

1) Raw materials: Data mostly based on literature and existing databases. Includes Bill of
Materials

2) Parts and product manufacturing: Focuses on process flows by suppliers and manufacturers

3) Transportation: Data on the transportation to the manufacturing sites

4) Product use: Data on the use phase of the product in a business-as-usual scenario and the
demonstration case scenario

5) End-of-Life: Focuses on process flows for waste disposal

The data provided in the phases above mentioned are needed to evaluate the environmental impact
of a product or system over its entire life cycle. For the LCA, the use of specialized software tools (GaBi)
is needed. GaBi allows to perform and interpret the results to identify the kye areas to focus on the
environmental impact.

The data requirements and their application for the tailpipe, break dust filter and filter square are
shown in Tables 1, 2 and 3 respectively.
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Table 5 TAILPIPE data collection plan

TAILPIPE

Information requirements
(What)

WPs/Task*
(How)

Application

(Where is used/Destinations)

HRA

ERA LCA

S-LCA

Safety
(Professionals)

Occupational exposure assessments require information of the
specific exposure characteristics and exposure levels during work
processes (e.g., handling cordierite, assembly welding, cutting tail-
pipe muffler, and demounting, in-use emissions) or emission rates
determined from simulated work or handling processes. The data
include particle number size-distribution and mass-concentrations
in regulatory relevant size-fractions and concentrations of mtals,
EC, PAH’s and other volatile compounds of potential concern (e.g.,
COx, NOx). Testing of dustiness or release during handling of the
ceramic cordierite filter material and release during handling
potential accidents are needed as critical acute exposure risks.
Exposures during the proposed recycling approach will be
considered. Occupational exposure to on-road workers (e.g.,
drivers) will be assessed from changed ambient air-pollution
assessments.

OEL’s or toxicological data on the filter material cordierite,
chemicals used and process-generated emissions and exposures
(e.g., welding fumes; tail-pipe exhaust, as well as exposures
expected during recycling). Assessments may be made
considering the difference between exposure without and with
exhaust filtration.

WP1; WP4

Safety
(Public)

The exposure data from occupational exposure measurements
and emission rate analysis will be used to estimate exposure from
the industrial processes to the public. Tail-pipe exhaust exposure
resulting in ambient air-pollution exposure will be assessed from
modelling (likely scenario-based scaling) based on WP1 emission
measurements.

WP1, WP4
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TAILPIPE Information Letquirements WPs;{/Task* (Wherﬁflf’s'e'g,ﬁi's?ﬂaﬂons)
thay (How) HRA | ERA | LCA | S-LCA

Hazard information requirements is similar as the ones for
occupational exposure assessment, but the change in tail-pipe
emissions is the most important for public risk assessment.
Besides hazard assessments on specific exposures,
epidemiological data on adverse health effects linked to specific
air-pollution levels and compounds will be used as well.
Information relative to the manufacturing processes, materials of WP1 X X
all products and components used;

Environmental Energy and resource usage for each phase; WP1 X
Emissions flows for every process in each phase; WP1 X X X
Brake-wear emissions ending up in air, water, and soil.
Evidence of compliance or of moving beyond, EU working
conditions; analysis of the workers’ profile and salaries; results of WP1 X
work satisfaction surveys; analysis of the register of accidents and
incidents related with the specific product line.
Evidence on processes of stakeholders’ engagement — analysis of WP1
number of stakeholders engaged and diversity of groups of X
stakeholders represented.
Relevance of materials being used for different types of activities; WP1

Social information from environmental LCA, information on local X
identity and its connection to environmental quality.
Analysis of results of surveys or other studies on users’ satisfaction WP1 X
with the product.
Results from environmental LCA, results from the Health
Assessment, literature review linking PM2,5 with stress, evidence | Literature... X
of awareness raising campaigns.
Analysis of evidence relating policy change with the AeroSolfd
solutions.
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TAILPIPE Information Letquirements WPs;{/Task* (Wherﬁflf’s'e'g,ﬁi's?ﬂaﬂons)
(Wheo (How) HRA | ERA | LCA | SLCA
Induced changes in price of raw materials and its impact in WP1
activities using them, suppliers’ income, country in which
suppliers’ operate, terms of contracts with suppliers (e.g. X
requirements concerning standard certification, payment time),
diversification of processes and of products, number of patents
registered, income to the developer/manufacturer companies.
. Processes/Technology; information on business plans and product WP1
Economical . - . X
investment and profits predicted.
Evidences on the implementation of good practices (e.g practices WP1
of sustainability, fair competition; Non-Bribery/Anti-Corruption; X
life-work balance...).
Reports/studies on the impact of the use of the AeroSolfd WP1 X
technologies in the companies’ image; complaints registers.
WP1 X

*) Source of Data

Table 6 BRAKE DUST FILTER data collection plan

, , Application
BRAKE DUST Information requirements WPs/Task* (Where ifﬂedmes“naﬂons)
FILTER (What) (How)
HRA ERA LCA S-LCA
Safety Occupational exposure measurements of particles and dust X X X
(Professionals) during manufacturing processes (steel laser welding expected),
Co-funded by 51
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BRAKE DUST
FILTER

Information requirements
(What)

WPs/Task*
(How)

Application

(Where is used/Destinations)

HRA

ERA LCA

S-LCA

mounting (metal drilling expected) and service (brake-wear
particles). Used filter cages will be tested for potential release
during accidental dropping the filter. Particles and fume
exposures during anticipated recycling processes will be assessed
considering the most likely recycling route(s). A large part of the
manufacturing process is upstream and cannot be assessed
directly. Occupational exposure to on-road workers (e.g., drivers)
will be assessed from changed ambient air-pollution
assessments.

OELs and hazard information is on laser welding, steel drilling
dust and brake-wear particles. As specific toxicological data may
not be available on brake-wear particles, assessments require
collection of information the physicochemical exposure
characteristics (size-distribution, chemical composition, and
additional data on toxicologically relevant hazard indicators).

Safety
(Public)

The exposure data from occupational exposure measurements
during manufacturing processes (laser welding expected),
mounting (metal drilling) and service (brake-wear particles) will be
used to estimate exposure from the industrial processes to the
public. The change in brake-wear emissions is the key exposure to
the public and will be assessed from modelling (likely scenario-
based scaling) based on WP2 emission measurements.

Hazard information requirements is similar as the ones for
occupational exposure assessment, but the change in brake-wear
particle emissions is the most important for public risk
assessment. Besides derived hazard data on in particular brake-

wear particles, epidemiological data on adverse health effects
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BRAKE DUST
FILTER

Information requirements
(What)

WPs/Task*
(How)

Application

(Where is used/Destinations)

HRA

ERA LCA

S-LCA

linked to PM,.s and PMyg as well as specific metals (if possible)
will be used as well.

Environmental

Information relative to the manufacturing processes, materials of
all products and components used;

WP2

Energy and resource usage for each phase;

WP2

Emissions flows for every process and in each phase;
Brake-wear emissions ending up in air, water, and soil.

WP2

Social

Evidence of compliance or of moving beyond, EU working
conditions; analysis of the workers’ profile and salaries; results of
work satisfaction surveys; analysis of the register of accidents and
incidents related with the specific product line.

WP2

Evidence on processes of stakeholders’ engagement — analysis of
number of stakeholders engaged and diversity of groups of
stakeholders represented.

WP2

Relevance of materials being used for different types of activities;
information from environmental LCA, information on local
identity and its connection to environmental quality.

WP2

Analysis of results of surveys or other studies on users’ satisfaction
with the product.

WP2

Results from environmental LCA, results from the Health
Assessment, literature review linking PM;s with stress, evidence
of awareness raising campaigns.

Literature...

Analysis of evidence relating policy change with the AeroSolfd
solutions.

Economical

Induced changes in price of raw materials and its impact in
activities using them, suppliers’ income, country in which
suppliers’ operate, terms of contracts with suppliers (e.g.

WP2
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BRAKE DUST : . Application
Information requirements WPs/Task* (Where is used/Destinations)
FILTER (Whao (Fow) HRA | ERA LCA | S-LCA
diversification of processes and of products, number of patents
registered, income to the developer/manufacturer companies.
Processes/Technology; information on business plans and product WP2 X
investment and profits predicted.
Evidences on the implementation of good practices (e.g practices WP2
of sustainability, fair competition; Non-Bribery/Anti-Corruption; X
life-work balance...).
Reports/studies on the impact of the use of the AeroSolfd WP2 X
technologies in the companies’ image; complaints registers.
WP2 X
*) Source of Data
Table 7 FILTER SQUARES data collection plan
. . Application
FILTER Information requirements WPs/Task* (Where ifiedmestmaﬂons)
SQUARES (What) (How)
Q HRA ERA LCA S-LCA
Potential risk of exposures during assembly of filter squares
tl idered ligible, b t
Safety are cu.rren. y considered negligible ecause .mos WP3,
. production is upstream. Exposures related to handling of X X X
(Professionals) i . . . ; WP4
filter materials may occur and requires confirmation.
Exposure or handling release test measurements will be
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FILTER
SQUARES

Information requirements
(What)

WPs/Task*
(How)

Application

(Where is used/Destinations)

HRA

ERA

LCA

S-LCA

made on filter materials. Dust (ultrafine particles, EC/OC,
PAH, PM, and total dust) release (filter cake of collected air-
pollution particles) during changing of used filters and
potential handling accidents dropping the filter is needed
as critical acute exposures. Exposures during the proposed
recycling approach will be considered. Occupational
exposures at the bus depot and metro station platforms,
will be assessed from concentrations in area air-pollution
(ultrafine particles, EC/OC, BC, PAH, metals, PM4, PM10) and
may be further modelled based on measured air-pollution
concentrations and filtration efficacies of the filter boxes.
Exposures during recycling will be assessed based on
proposed route for recycling.

OELs and hazard data on work process emissions and filter
material. For the bus depot and metro station exposures
where the filter squares will be tested, the hazard of
ultrafine particles, EC/OC, PAH, PM; and PMyo air-
pollution and further considerations of specific exposure
characteristics of metro platform exposures where brakes
and track will play an important role. Assessments may be
made considering the difference between exposure
without and with filter boxes.

Safety
(Public)

The results from occupational exposure assessments will
be used to estimate exposure public exposure from
industrial processes. The concentration and change in
ambient air-pollution (ultrafine particles, EC/OC, BC, PAH,
metals, PM,s and PMio) on metro platforms and released

WP3,
WP4
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. . Application
FILTER Information requirements WPs/Task* (Where iffsed,Destinaﬁons)

ARE What :
SQUARES (What) (Fow) HRA | ERA | LCA | S-LCA

from metro stations will be estimated from measurements
and measured filtration efficacies of the filter boxes.

Hazard information requirements is similar as the ones for
occupational exposure assessment. The change in
ambient ultrafine, PMzs and PMp air-pollution on metro
platforms and released from metro stations is the most
important for public risk assessment in this case.

Information relative to the manufacturing processes,

. WP3 X X
) materials of all products and components used;
Environmental Energy and resource usage for each phase; WP3 X X
Emissions flows for every process in each phase; WP3 X X X
Evidence of compliance or of moving beyond, EU working WP3
conditions; analysis of the workers’ profile and salaries;
results of work satisfaction surveys; analysis of the register X
of accidents and incidents related with the specific product
line.
Evidence on processes of stakeholders’ engagement — WP3
. analysis of number of stakeholders engaged and diversity X
Social
of groups of stakeholders represented.
Relevance of materials being used for different types of WP3
activities; information from environmental LCA, X

information on local identity and its connection to
environmental quality.

Analysis of results of surveys or other studies on users’ WP3
satisfaction with the product.
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FILTER
SQUARES

Information requirements
(What)

WPs/Task*
(How)

Application

(Where is used/Destinations)

HRA

ERA LCA | S-LCA

Results from environmental LCA, results from the Health
Assessment, literature review linking PM2,5 with stress,
evidence of awareness raising campaigns.

Literature...

Analysis of evidence relating policy change with the
AeroSolfd solutions.

Economical

Induced changes in price of raw materials and its impact in
activities using them, suppliers’ income, country in which
suppliers’ operate, terms of contracts with suppliers (e.g.
requirements concerning standard certification, payment
time), diversification of processes and of products, number
of patents registered, income to the
developer/manufacturer companies.

WP3

Processes/Technology; information on business plans and
product investment and profits predicted.

WP3

Evidences on the implementation of good practices (e.g
practices of sustainability, fair competition; Non-
Bribery/Anti-Corruption; life-work balance...).

WP3

Reports/studies on the impact of the use of the AeroSolfd
technologies in the companies’ image; complaints
registers.

WP3

WP3

*) Source of Data
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8. DEVIATIONS FROM THE PLAN

In case of deviation of submission / completion of Deliverable: reasons and justifications, description of
interdependencies with other affected tasks / WPs

D4.1 was delayed 6 months as compared to the plan in the description of action. The process for
developing the overall framework was complex and required several iterations across WP4 to align the
information and approaches in the different principle methods (risk innovation governance, risk
assessment, LCA, S-LCA, and sustainability assessment) with partially overlapping topics. Further,
developing a workable framework for AeroSolfd and the data collection plan required deeper
interaction with WP1, 2 and 3 than first planned.

There are no deviations from the plan.

9. LINKS WITH OTHER WPS

This deliverable is feeding into subsequent tasks in WP4 as depicted in Figure 1. WP4 is depending on
substantial data from WP1, WP2, and WP3 in the upcoming work as indicated in the description of
action.
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10. CONCLUSIONS AND RECOMMENDATIONS

The sustainability framework was build integrating considerations and procedures for human and
environmental risk assessment, as well as the environmental life cycle assessment, and the social life
cycle assessment. The case-specific risk scoping analysis was performed in order to identify the
perceivable foreseen risks and relevant data needs (including knowledge gaps and priorities for
possible tests and measurements) to perform the overall sustainability assessments.

The information requirements for the assessments were identified and data will be a mixture of
qualitative and quantities data as well as read-across data due to the innovation stage and practical
limitations to map the entire value chain for each product as part of the AeroSolfd project.

Qualitative and quantitative data will be collected (measured, literature review, derived, or modelled)

Results from the human and environmental risk assessment will be used as input for the final LCA and
overall sustainability assessment.
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Glossary-Definitions

Criteria

An aspect with an assessment method and a minimum threshold or target values (on which a decision
may be based)

Endpoint (Risk Assessment)

An observable or measurable inherent property of a chemical substance. It can for example refer to a

physical-chemical property like vapour pressure or to degradability or a biological effect that a given

substance has on human health or the environment, e.g. carcinogenicity, irritation, aquatic toxicity.
EU (2006). Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18

December 2006 Concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals

(REACH) (0J L 396 30.12.2006). https://echa-term.echa.europa.eu/

(Retrieved November 16, 2021)

Endpoint method-model and indicator (LCA)
The category endpoint is an attribute or aspect of the environment, human health, or resources,
identifying an environmental issue giving cause for concern. Hence, endpoint method (or damage
approach)/model) is a characterisation method/model that provides indicators at the level of Areas of
Protection (natural ecosystems, human health, resource availability) or at a level close to the Areas of
Protection level.

ISO (2006). ISO 14040:2006 Environmental Management - Life Cycle Assessment - Principles
and Framework

Indicator
A parameter, or a value derived from parameters, which points to, provides information about, or
describes the state of a phenomenon, with a significance extending beyond that directly associated
with its value (OECD 2003). The indicator could be quantitative or semi- quantitative or qualitative
derived from a model, often trough a tool or direct measurement

Adapted from OECD, OECD. 2021. Glossary of statistical terms. Retrieved November 16, 2021
(https://stats.oecd.org/glossary/detail.asp?ID=830)

Midpoint method and indicator (LCA)

In LCA, the midpoint method is a characterisation method that provides indicators for comparing
environmental interventions at the level of a cause-effect chain between emissions/resource
consumption and the endpoint level (where effects and damage are assessed)

Sustainability dimensions
Refers to the four dimensions of sustainability addressed in this study: safety, environmental, social
and economic
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12. ANNEX

ANNEX 1

LCA data collection templates

BILL OF MATERIALS (BOM)

Production Manufacturing Transport
Material composition

Manufacturing . Transport Transport Quantity
. \ER Coating Heat treatment )
Component Material process means distance

(kg)
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PROCESSES INVENTORY

Amount Unit Datasource Data quall

Emissions to air

Emissions to water

Emissions to soil

Waste

ity Origin Comments

Process waste /Amount Unit

Data quality |Origin C

Packaging

Product per unit/box | e |
Unit [ |

Components/materials |/Amount Unit Data Quality Destination

Comments

Transport

Materials, Supplies and Waste Distance (km) [Means of tranport|Capacity (kg) |Actual load (kg) |Empty return (Yes/No)

%AeroSolfd

filtration devices
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ANNEX 2
THE CRITICAL ANALYSIS OF THE HOTSPOTS
METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
How does the competition for the raw survey /
. ) . I y
8 product impacts on the price of the | Sémi-quantitative interview
materials?
How does the competition for the raw
COMMUNITY / RAW product impacts on other activities (e.g.
MATERIALS are there activities which cannot afford the survey /
8 ; ; ; ; oo qualitative . .
price and will be ending, with prejudice for interview
the workers of such activities and their
families, and eventually for cultural
heritage)
PROFIT & GROW 8 17 representativeness of the income for the quantitative survey /
’ supplier (% of profits) interview
Fai COMPLIANCE WITH EU Where do the suppliers providing parts of
air .
- WORK REGULATIONS 12,17 | the product have their . i survey /
SUPPLIERS Compsit_ll-tAlc();(UN- AND WORKING premisses/facilities? semi-quantitative interview
CONDITIONS 8,12,17 | Where are their suppliers t from?
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
Does your ToR / contract with suppliers
3.8:12: include the need of suppliers to perform
17 accordingly with specific Social
Responsibilities? If yes indicate which CSR
are identified in the contract
Corruption (UN- NON-BRIBERY / 12 17 Does your ToR / contract with suppliers | o iitive / semi- survey /
SETAC) ANTI-CORRUPTION ’ include  non-bribery /anti-corruption | " 2 hitative interview
requirements?
Does your ToR / contract with suppliers
include requirements concerning their
payments to their raw material suppliers? _ o survey /
FAIR COMPETITION 8;12,17 (Length of payment - before expedition of | S€Mi-quantitative interview
the product, at time of product arrives, up
to 30 days after, up to 90 days after, up to
6 months, up to 1 year, more than 1 year)
PERCENTAGE OF SUPPLIERS THE
R Promo-t;:.g SOCIEIN allal the | ENTERPRISE HAS AUDITED WITH (works as an survey /
e5'°°“s-"éTxg (UN- a f;’e REGARD TO THE ELEMENTS IN TOR, | additional pointto | interview

AND COMPLIANCE LEVELS?

previous
indicators)
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
Relatio.nship with Are payments to suppliers performed on
Suppliers (UN- PRODUCT time? (Length of payment - before
SETAC) CONTRIBUTION TO THE | & 1112/ | expedition of the product, at time of | semi-quantitative | *“"V&Y/
(only to be applied BROADER ECONOMY 17 product arrives, up to 30 days after, up to interview
to product 90 days after, up to 6 months, up to 1 year,
developers) more than 1 year)
9 e ) ] semi-quantitative / survey /
PRODUCT % 0 'c a?nge in number of products and/or quantitative interview
i services?
D::;';°r:1':nt CONTRIBUTION TO THE quantitative / ;
N S:TAC COMPANY ECONOMIC 8 ) , , , semi-quantitative survey
ORGANISATION / (UN- ) SUSTAINABILITY % of change in sales/income? guantitative interview
CONTEXT  (to be % of change in expenses (services, | semi-quantitative / survey /
applied to product products or materials)? quantitative interview
developers and users .
changes in technology? *%
which are companies) Technology CHANGES IN PROCESSES f hg i o ? o semi-quantitative / survey /
Development 9 of change in processes? *% ntite . V
(UN-SETAC) / TECHNOLOGY of increased time /frequency/money in quantitative interview
processes (e.g. maintenance)
. . . - .
COMPANY IMAGE 12 % .of _improvement in  company | semi quar\tlt'atlve/ .SUI’VG.Y/
sustainability image? quantitative interview
Change on diversity and number of
ENGAGMENT WITH 17 stake'holdel"s that the organisa'tion is | semi-quantitative / survey /
STAKEHOLDERS working with?  Why and what impact? quantitative interview

*% change in number
*% change in diversity
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
8,9 qualitative survey /
’ Changes in work being performed? interview
8 qualitative / semi- survey /
changes in responsibility? quantitative interview
WORK STRUCTURE 8 Cha.mge in number of workers (increase in quantitative .SUFVG_V/
which number and percentage)? interview
Workers (UN- What type of staff - think for all sectors,
SETAC) Product 3 procurement, production, maintenance? qualitative / survey /
Based Employment (% of highly skill i ' uantitative interview
ghly skilled, medium skilled and q
WORKERS / HUMAN (Jasinsky et al) unskilled?)
RESOURCES :
(to be applied to Changes in staff knowledge and capability
product developers e will you need to provide training to staff? o
and users wl'1ich are WORKERS' SKILLS 8 * % of staff being trained? q“al'tf"t"’_e / 'surve'y/
companies) * In which areas of expertise? quantitative interview
e Are you opening the training to other
organisations/people in the community?
average salary of each type of new workers
* workers affected
Fair Salary (UN- . . survey /
SETAC) SALARY 8 echange in mean salary of company quantitative interview
worker
*% above mean at national level
Hours of Work (UN- WORKING HOURS 8 Change in working hours (increase in qualitative /'seml- .SUFVE.V/
SETAC) which percentage?) quantitative interview

Co-funded by
the European Union

67




D4.1 — Sustainability framework, information requirements and data collection plan

A AeroSolfd
filtration devices
METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
8 qualitative / semi- survey /
Changes in shifts quantitative interview
8 qualitative / semi- survey /
changes in working hours flexibility guantitative interview
LIFE-WORK BALANCE 8 qualitative / semi- survey /
changes in work-life balance quantitative interview
WORK SATISFACTION 8 qualitative / semi- survey /
Changes in satisfaction with work? quantitative interview
e changes in work risks due to changes in
exposure to hazardous materials, reduced
POTENTIAL RISKS or improved environmental quality) o gathered from
(JASINSKY et al) 3,8 enew Individual protective equipment quantitative Health
required and provided; Assessment
especific H&S training required and
provided?
Health & Safety eTotal number of accidents and of
(UN/SETAC) incidents of non-compliance  with
regulations and  voluntary  codes
ACCIDENTS AND concerning health and safety impacts of gathered from
INCIDENTS 3,8 products and services and type of quantitative Health
(UN/SETAC) outcomes (UN/SETAC; GRI) Assessment
eOccupational  health and  safety
performance - injury and illness rate
(Jasinsky et al)
Co-funded by 68
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
HEALTH & SAFETY What are the Health & Safety complaints? :
i i N complaints
COMPLAINTS 3,8,17 | / perceived disadvantages about the qualitative register
(UN/SETAC) product?
DIRECT PRODUCT Product Experience PRODUCT OVERALL survey /
CONSUMERS (UN-SE?’AC) SATISFACTION 17 Satisfaction with the product/service? | qualitative / semi- interviyew
(drivers/bus (UN/SETAC) Perceived benefits about the product? guantitative
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
drivers/maintenance/
company CEO) Perceived evaluation of the
product/service on functionality -
usability? (e.g. Impact in driving,
maintenance.../ general impact)
Interference with:
e Driving
e Vehicle performance and impact on
diesel consumption
e Maintenance (changes on maintenance
PRODUCT USABILITY required and economic impact will define | - oo scamic | survey /
17 if people are left with more money or less o . .
(new - AeroSolfd) . guantitative interview
money on their pockets)
e Direct and Indirect impacts on
Maintenance (i.e.: does it conflict with
other parts of the vehicle posing
difficulties to their maintenance?)
eWork overload - How easy is
maintenance, does it imply more hours of
work?
eWork capability / training — Are there
special capabilities required for
maintenance?
PRODUCT USEFULNESs | | Perceived evaluation of the usefulness of | qualitative / semi- | survey /
(new - AeroSolfd) the product/service? quantitative interview

* Image (personal/company)
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
COMPLAINTS 17 What are the complaints / perceived qualitative interview /
(UN/SETAC) disadvantages about the product? survey
eInterference with level of safety of
vehicles (i.e. Euro NCAP rating)
POTENTIAL RISKS 3 *The whole-body vibration impact on the itat gath:reﬁ[;:rom
(JASINSKY et al) driver's health, such as musculoskeletal quantitative A ea
and lumbar spine disorders ssessment
eHow safe is the maintenance, is there the
need for special protective measures?
eTotal number of accidents and of
Health & Safety |nC|den.ts of non-compliance  with
(UN/SETAC) regulations and  voluntary  codes
ACCIDENTS AND concerning health and safety impacts of gathered from
INCIDENTS 3 products and services and type of guantitative Health
(UN/SETAC) outcomes (UN/SETAC; GRI) Assessment
eOccupational  health and  safety
performance - injury and illness rate
(Jasinsky et al)
HE(I_:\OL.II;/'I-IPTASI’I:'II:'ETY 3 17 What are the Health & Safety complaints? tat complaints
it / perceived disadvantages about the qualitative register
g
(UN/SETAC) product?
PRODUCT 8 % of change in number of products and/or quantitative ‘surve‘y/
CONTRIBUTION TO THE services? interview
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
Economic CO?UPS'IXTNE:;mgyIC represetativeness of the income for the
Development 8 waste user: quantitative .surve.y/
(UN-SETAC) *% of change in sales/income? interview
*% of reduced spending s
Technol changes in technology?
Deit;lgo ogy CHANGES IN PROCESSES 9 *% of change in processes? e SUFVGY/
pment CHNOLOGY ) ” _ guantitative . .
(UN-SETAC) / TECHN *% of increased time /frequency/money in Interview
processes (e.g. maintenance)
WASTE Managers / WORK STRUCTURE 9 . . qualitative / semi- | survey/
Reusers -cicularity changes in work being performed? quantitative interview
/Recyclers Changes in staff knowledge and capability
- will you need to provide training to staff? o
WORKERS' SKILLS 8 ¢ % of staff being trained? qua“t?tlv_e / .Surve_y /
« In which areas of expertise? quantitative Interview
* Are you opening the training to other
organisations/people in the community?
eInterference with level of safety of
I athered from
Health & Safety POTENTIAL RISKS 3.8 vehicles (|e Euro NCAP rating) qualltatlve / g Health
(UN/SETAC) (JASINSKY et al) ’ eHow safe is the dismantling, is there the quantitative Assessment

need for special protective measures?

Co-funded by
the European Union

72




D4.1 — Sustainability framework, information requirements and data collection plan

A AeroSolfd
filtration devices
METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
CATEGORIES SOURCE INDICATORS SDG INFORMATION TO BE COLLECTED INDICATOR CDSISECTK)N
eTotal number of accidents and of
incidents of non-compliance  with
regulations and  voluntary  codes
ACCIDENTS AND concerning health and safety impacts of gathered from
INCIDENTS 3,8 products and services and type of guantitative Health
UN/SETAC) outcomes (UN/SETAC; GRI) Assessment
(
eOccupational  health and  safety
performance - injury and illness rate
(Jasinsky et al)
HEALTH & SAFETY What are the Health & Safety complaints / complaints
COMPLAINTS 3,8,17 | perceived disadvantages about the qualitative register
(UN/SETAC) product?
COMMUNITY (to b guantitative
lied to | oI ) 17 (works asa survey /
appliedto .:ca multiplier of interview
commtfnl y number of places of production facilities impacts)
surrounding the .
roduction facilit quantitative
"and communities 17 (worksasa | survey /
number of places where the product multiplier of interview
where the product )
reaches the market impacts)
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
A SOURCE INDICATORS SDG INFORMATION TO BE COLLECTED INDICATOR CDSIGECHQN
will be used -
markets) Changes in air - evaluating consequences
in ehealth (effects as a result of VOCs,
Access to basic particulates, ozone, polycyclic aromatic
needs for human hydrocarbons, heavy metals emission;
dignity PM,s impact on: premature death in
health i i ;
(. ea! thcare, people with heart or.Iung disease; nonfatal qualitative /semi- | environmental
sanitation & clean heart attacks; irregular heartbeat; quantitative data + health
water, PUBLIC GOODS 3 aggravated asthma; decreased lung (change*number data +
healthy fooc!, funct|on.; |pcrgased resplrgtory symptoms, of people affected) literature
shelter, education) such as irritation of the airways, coughing
(UN-SETAC) or difficulty breathing -EPA,; + physiological
Nuisance stress) ,
(UN-SETAC) enuisance and performance (cognitive and
emotional)

eLivelihood and socio-cultural heritage
(economic or leisure activities)
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STAKEHOLDERS
CATEGORIES

ASPECTS
SOURCE

AS

IN

INDICATORS

SDG

INFORMATION TO BE COLLECTED

TYPE OF
INDICATOR

METHOD FOR
DATA
COLLECTION

3;6;14

Changes in water (quality or consumption)
-evaluating consequences in

ewater availability

ehealth,

enuisance and performance (cognitive and
emotional)

elLivelihood and socio-cultural heritage
(economic or leisure activities, e.g.
possible impacts on fishing, tourism or
other human activities by reducing lakes
and streams acidic and/or changing the
nutrient balance in coastal waters and
large river basins and consequently in
ecosystems biodiversity (EPA); reducing
possible impacts on agriculture and
possible local products with economic
impact, impact on ways of living and
possible cultural impact, depending on
how heritage representative are the
cultures affected)

qualitative /semi-
guantitative
(change*number

of people affected)

environmental
data + health
data +
literature

3,15

Impacts in soil - evaluating consequences
in

ehealth,

enuisance and performance (cognitive and
emotional)

elivelihood and socio-cultural
heritage(economic or leisure activites)

qualitative /semi-
quantitative
(change*number

of people affected)

environmental
data + health
data +
literature
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
ATEGORIE RCE INDICATOR
e GORIES SOURC CATO COLLECTION
Impacts noise (the social impact of sound,
sound pressure level from engine, exhaust
and rolling noise), evaluating L . .
consequences in: qualitative /semi- | environmental
3 ehealth ' quantitative data + health
*
enuisance and performance (cognitive and (fchangle n;mi)e; I'tdati *
emotional, e.g. attention, performance, of people affected) iterature
social support and social cohesion)
elLivelihood and socio-cultural heritage
(economic or leisure activities)
Impacts in landscape - evaluating
consequences in: o ] ]
ehealth qualitative /semi- | environmental
3 enuisance and performance (cognitive and quantitative data + health
emotional) (change*number data +
elLivelihood and socio-cultural heritage of people affected) literature
(economic or leisure activities, e.g. due to
reduction of sun exposure...)
qualitative /semi-

POTENTIAL ACCIDENTS 3 types of possible accidents with impacts to quantitative Environmental
the environment and/or local | (change*number Assessment
communities of people affected)

qualitative / semi- | environmental
STRESS 3 Reduction of anxiety or stress due to Risk quantitative data + health
Perception towards PM,s and values (change*number data +
of people affected) literature
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
qualitative / semi- use
3 estress (overal nuisance and performance quantitative information
- cognitive and emotional) * people | (change*number used for
affected of people affected) | public goods
qualitative / semi-
3 11 guantitative health data +
! Impact in Health services (% of increase or | (change*number literature
decrease in use) of people affected)
quantitative
PUBLIC SERVICES (%change in . .
interview +
8,11 number of people
. . local data
Impact in Employment services (% of unemployed
increase or decrease in use) localy)
11 Impact on demographics due to | qualitative /semi- | health data +
increased/reduced health guantitative literature
Are you recruiting from any specific source
i ?
Job Creation 8,17 Eg:;)\f/rap:z\il plac\soorlr«sei?oo?"/. in  the uantitative interview +
(UN-SETAC) ! many ° g local data
community)?
LOCAL ECONOMY eAverage salary (% above the local salary)
DYNAMICS 9 . guantitative .surve.y/
number of patents registered interview
% of change in spending/buying in local
! L survey /
17 economy (due to the product, suppliers or quantitative interview

services related with it)
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METHOD FOR
STAKEHOLDERS ASPECTS AS IN TYPE OF
INDICATORS SDG INFORMATION TO BE COLLECTED DATA
CATEGORIES SOURCE INDICATOR COLLECTION
knowledge shared with other survey /
17 . . . . H H
comp:‘:lnlgs/lndustrles/research/academlc qualitative interview
organisations
Promotion of skills &
knowledge SKILLS & KNOWLEDGE 11,17 increased awareness and knowledge semi-quantitative survey
(UN-SETAC) about PM, s and their impacts
Impact of . environmental change.s i.n o | environmental
11 cultural heritage (e.g. Impacts of acidotic | qualitative / semi- data +
rains?), based on Cultural Heritage in quantitative literature
. Urgent Need of Safeguarding
Culture / Heritage CULTURE / HERITAGE
environmental
11 Impe?cts in livelihoods due to changej of qualitative data + health
public  resources (raw  materials, data +
environmental quality..) literature
IDENTITY 11 Chapge in Iocal/c.lty identity due to | qua |tat|\{e /.seml survey
environmental quality change quantitative
gather data
from
11,17 titati
! % of city managers / politicians committed quantitative AeroSolfd
with change towards reducing PM;s partners
Policy CHANGES IN POLICY
Social Pressure (measured in social events
11,17 | and number of people engaged) for quantitative literature
Legal/Regulatory change towards (benchmark)

improved control of PM; 5
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ANNEX 3

Indicators for the SDG and targers
to which AeroSolfd expects to contribute
TN Sustainable Development Goals (SDGs)
AeroSalfd
Goals and tavgetn
(from the 2030 A pemde for Sustmmabie Devalopmen f
Group J
Gaal B Erawre availability ared sustsinable mansgement of waster snd sanitstion For all
6 18y 2030, pchiewve urivenesl and scpatable sccess to sale ard allmdable
v it i all B 1Propotion of popd stion usng s slel mansged drinking w ster senices
N 2maﬁjhmm‘;m*mm%'mﬁ B. 2.1 Prosponion of populaton using | & | salel managed saniaion sevoes
|"'“"‘" el Foatkon, papig special attenitonio andl & | ahard-w ashingFacity wih soap andsw sier
rimedi of women and wnd theas i vulnes bl ibasons
63 By 3020, improve wisti quality by educing polbion, shminsting dumging | B31P wof domarmio and industial wastes s fows salek neaned
vl TARETEZIeD d hazardzas chamicals and fiaks, habang tha
untregted wasiew e and pubstantally increaning recyching ard
ldl-r-.ﬂl#l.*l E. 2 ZFiopaition ol bodien of waist with good smbient wste guality x
i B 2030, subarardiall) reoid-aie w Wi - e ety sciods ol peonons B.4.1Change inwser-use sfficency over tme
-dmm&ﬁvﬂfdw*ﬂdmdhmdmmlddlﬂnw
seaichy - ek Pl of o n ffasineg from siater B 2 Ll o e S110rs- Nrsiove o o itbecans ol s @ poopomion of
sunilsble heshs ates resouroes
Gﬁﬂimwhﬂprrdwnlmm-ﬂ#hﬂk B.51Degees ol inegraned wansa: @
nchuding thiougl 8.5, 2 Propoition of vangbesredar badin i v itk an op aional
Hrangemars o e ate cooparation
66 Bl 20200, potect and ] Linzhachng
e, Faists, " mu“ BB 1 Change inthe eere ol w ate-1elated ecosumend o ma x
6 By 030, g sk
ludndnptumnﬂhraﬂ rdlmd“dmaﬁl B Bumaiana of w - ainadl Lt bl derwarh
3 . irechuding v sier harsesting. dessbnation, w ster sfficency. mrmﬁ-uplﬂdlm cooidineed spendineg plen
I.ﬂ—.l-rhll_nl recycling and isuis echnalogkea
B b1 Prosponcn of loc al aderarisu aiie wis sibenabished ard
b Suppon and gty b ot ool ezl N
- 1
il l mﬂmﬂmmu i paticipation of local commurities in
|Goal 11 Make cilies and hiusman Mmdm sale. rexilient and sustainable
T B 030, serisuitir decocoies s For all o S and {akdw Fauging 01 Proponc of uiban popadanon hang i shams, mfomal senbmeres o
and bagic pereces and upgrade shams incdequane housing
M2 By 2030, picvide accew loaale, alloidakk it e a1 kel
P all, v ol Sl s, ot b e L e N1k oy ool popl Rt thl Fiks ConaiTeen Sooads Lo bl
HENERT, vmmlliﬂﬂﬂ'lmw hrﬂ&ﬂ&mhmﬂm tranapeort. by pes, age and pereons with deabileies
jwemen, chiden, peimors with dinsbities sndcldes paimors
[ . . 113, 1Pt of lared connamption rate bo populstion growth iste
T 2B 2030, enh wred wbisrization snd i,
[ IEIh"l.. Se—— %mlﬂd:mnplrﬂ:-nm 1132wandmsud|idlmmmrufmiw
nall iries mﬂnﬂrr.q* ok Hhisk o regul iy ared
M4 1 Tekd poi capita srperchiuie on b pieisrestion, prolection end
T Buengthan dffons 1o pronect and salepiend the v o5 cullil sl and conderatm of all culu sl and natu sl b, by 2o of lundieg
gyl Farage [pabbo. prvatel. o of herrage loulnaal nanesll ard level of gosemment
Irational, iegiorsl, srdlocsiimericipal]
11.5&;21];'!] I A T Ehsiﬁmf:f_d*ﬁ':::uwﬁ%uwm?ﬂmmmwdwm
e he deect i b = Lol
"""“" w15 ol s chomentis aotucs cassed b csasers, ichoring vaterd 11.5.2memwl;nu.whnrdlndumhndublnj:hipm
selaind disashers, with aioous on motecing e poos and prople in wdrerably | Somestis prodhct 1G]
rap— amizen o 15 31« IDamage 10 oriical inbasinacnae and | & Irember of disnapikons o
baaic pereces, sfinbuledio deasien
N " P o " TLEL TP epaitha ol iracapeal Sl i st Sz o e Mubiuigeid i
“E;B"'. mg" hl i il w::. iy and ':: " ) controbed Facdnies gt of soeal waghe ahad, by i
- TEZ Arvwasl meesr lsesle of bns paticulsis mate (= g PHMES snd PFI] in X
 are mansgeme s Ipopd aton weighaed]
L7 By 2030, picvide univetial scorssio pafe. nchimvs and scceasible, 'I'ITI I‘“;E;“:;‘.:T-:Pm d:::lhf:mlpﬂ|_
m’m:“‘: .IHMMHlﬁ!M“m.MﬁHIW T T.Z Propesetion of persans yictim of plwy d i meaasl b , by,
EH SLalus and ol i e i L 12 it
T Faspport poithee S0ONHTIO. mﬂrdmmihﬂu:hmwm 1 ANambeer of counires that e nationsl uban polickes o regional
wehan, peri-uhen sndnrsl & g G g sl i plans that | # Irespond 1o popadstion denamice: [5 ] snias
bl iezoterd sttt chvpbopmand; wrd | o linciease looal iscal space
T b By 2020, 5.k i as e bt of pithes and beaman 11k T Mambeer of coumitkes thai adopt and mplement national deasier isk
k dopting and imph g integaied pok wnd plars | = v sttslegien I lires with the Sended Framew ol for Dinaater Fisk
i huisann, Mol oR ooy, miliganon and edastat b change Reduetisn 20820000
reslience 1o dearters, and dewelop and implement. inbne withthe Sends k.2 Proportion of looal govemmanis tha adopt and implemendt looal
Frmmaw ok for Digsater Rk Rechchion ZT15- 2060 holatic disste izk i suiw rink ieducton s steges in ns with nstonsl desste ik reduchion
Tl Buppon leas! devwiopad coriies incuaire theough e al e Al set advls PR O ¥ v B B
sechnical assistance, in bullding sustainable snd reslen buldings unlizing : gpens i il o g v oo e el e
el mamindy (o i ST e S S RTINS
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Gul]:.l:mm uak thi u-ﬂnlllr.lﬂuﬂu
i parboul & Frorm land-based schabhes including manine debns and
e oot Sorerey

uhmm

W.11[ & ) Index of coastal europhication: and [ & | plastic debris densiby

T T P e T P [ T T T e S T T
‘ecosystems o awoid sigrificant adwerse impacts, including by
mmﬂ'ﬁurrﬂ:hm and take action For their reshoration n order

M. 21 Murrbar of courines wing ecosehern-baped approaches 1o
Faragrg Mafine ahess

'I-IJ hflr-ﬂm .:nd ad:h!:: .‘ﬂ impacts of ocean acidification, including

.21 Average manine acidity [pH] messured at agresd suile of

arihanced soenlific ation al all levels rapressnialive sampling stations X
mlnd;-dmnmddndhﬁnurddunu:ﬁnﬁhnu prun.l.im ﬂ:ld
smplement science-based management plans, in order to restore fish . . N .
socks in the shorest me fessible, o [#4e: b levals that can produce W41 Proportion of fish stock s satben biclogecally sustarsbls levels
e suslal nable pald as delarmined bie thest biologecal
corvistent vath natond and nbernationsl |aw ard bassd on the best M.5.1 Coverage of probected areas in relation to marine ansas
e s T o T T T T TS TR T T e T T T T O AT
o overcapacity and overfishing, eiminale subsidies that contribube to
f
gl unreporied and unregulaled fishing and refraen from introducing WET of imgl shion of i A siming o
e such subsidies, recogrizing thal spirophn abe and effective specal Degres " El.md ated fizki
ard differential treatment for developing and least developed couninies Wogal. urmeparied gl g
ehoudd be an irdegral part of the World Trade Crgarezaton fisheries
ﬂm‘ﬂﬂgummulll. DT T TS T ST TSl T v e g
‘Stales and |east developed courines from e sustenable use of manns .71 Sustmnsble fisheries s & proportion of GOP i srmall island
resorces, ircluchng through sustainsbls mansgement of fishenes, developing Stabes, least developed countries and all couniries
e T e b T T T T T O T T T AT A T e
marine lechnology, talang into account the Inbergovemmiental
(Doearcgraphic Cormessson Criteria and Guddelres on the Transfer of P 4 .
Farine Techrology, inonder o smprove ocean health and o enfance the :"1 | wrof total res allucatzd o hvin e field
cariribation of marine Liodiversity to the development of developing marire lechnology
couninees, i parbcular small island developing Stales and least developed
o
. ' ' W.b.1Degree of application of alegalregul story! policyfinst utional
H.b Privnde access For small-scale arlisanal hzhers lo marine resoarces Frarowork, which recognizes: snd prolects socess fighis for small-toals
ard markets Fisharias
.o Enbance e congervabon and sustainable ues of ocearns and thesr M1 Nurrber of courines rmaking progress in raifng. scospling amd
resources by implamenting inlemshonal law &= reflacied in the Ursled implerenhing through legd . policy and instbubona Frameworks, oossr-
[Mations Corvention on the Law of the Sea, which provides the legal redated instruments: that implement international |aw, az reflecled in the
Frameor, for the corservalion and sustenable use of cceasrs and their Lribe Matiore Corvardion o the Law of the Sea, for e corservation
resources, as recaled in paragraph 158 of “Thhe future we want® admruﬂumdhmrdhrrumcu
‘roal 15, Protect, restore and promote smstainable wse of terrestrial hly ge forests, combat desertification. and halt and reverse land degradation

B 1By 2020, ensure the consersation, restoration and sustainable use of
et ezirial and irdard freshesster scosyvsiems and ther ssrvices, in

. 11Forest ares 53 & proporiion of bobsl |amd anss

oarticular Forests, wellands, mourtsns snd drdarss in lres wib
‘obligations under intermstional agresments

.12 Proportion of important sites for termesinial and freshssater
I oty hal are covensd by prolected aness. by scogysiem s

o Bl 2020, ipromote Bre irmplerenialion of suslanable managermen of
gl bppes of Forests, hall deforeststion, restore degraded forests and
substantially ircrease afforestation and reforestation globally

.21 Progress lowsrds sustansble forest mansgement

1.2 By 2030, combat desertification, restore: degraded land and soil,
recliadersg land affected by desertificalion. drought and floods, and sinws to
schieve 5 |snd degradstion-reuirsl world

.31 Proportion of land that i degraded over hobal land area

Tl By 2030, ermure e congarvabon of mounlain ecosysiers. including
e beodiwersiby, in ondier fo enhance feir capacty to provids benefits fhat

4.1 Cowerags by probected sreas of importani sites For mountan
bindiversiby

are exsertial for sustainable development

T5.4.2 Mountain Gresn Cover Index

TS Take wrgert and sgnifcant schon to reduce the degradshon of nstursl
|Frabitats, halt e loss of biodiwersity and, by 2020, protect and prevent the
deriction of Brrealened species

6.5.1Red List Index

Tk Prormole Fasr and ecalable gharing of he berelie ansing from e
whlizsion of genelic resources snd promchs sppropniste access o such
regources, a3 inbernationaly

6 E1Humber of countries that have adopled legislative, admiri stralive
& policy framrsssork.s bo ensune fair and equitable shanng of benefite

TIT lmuwlmullkupﬂw-u-uu-nwruu TR

speciect of flora and fauna and sddress both demand and supply of (llegal

B 7.1 Proportion of raded wildife that was poschesd or ilhoitly rafficked

Mﬂﬁmmwmmmumm
mgnificartly reducs the imipsct of imvasive shen species on lard snd water
ecosysiems and conirol or erpdicate Hhe prionty species

.81 Proportion of counines adopting relevant national legislation and
adequistely) resoucing the prevention of control of irrstive dien species

5.9 By 2020, nbegrates scosystem snd bicd versity valuss inlo naions snd
tecal planning, development processes. poverhy reduction strategies and
‘accounls

T TTCATIOET T TN eSS T R TRV e BT ST U T B T e T
accordanscs valh or simlar b Sechs Bhodiversily Target 2 of the Siralegee
Plan For Biodiversiby 207-2020 in bresir nstionsl bodiversily sirstsgy snd
action plars and the progress reported lowards these targets: and [ & )
irlegration of biod versty inbo nalional sccourling and reporing
mpaberns, defined as implemeantstion of e Sustem of Erwirorrmentsl-

B Mobillize ard sigrificantly increase financial resources from all
BOLFCEE L0 Coreerod s suistainabily ues biodiersity ard scosystems

EaiT2] O developrent sssisiance on coresrvaion 70
mustsinable use of biodiversity; and [ £ | reverue gererated and finance:
robilized from bicdiversib-relevant sconomic instruments

O TR L A T TS TS TN T T SR s I i iy T v
firance sustanabls foresl management and provide adecuats smcenlives
ludu'dq:ungm.rmu:bua:lrm such mansgemert, including for

Bb [« ] Official developrment assistance on conservation and
susslainable use of biodiversty, and [ & | reverie gerersled and finsmce
rmiobilized from biodivensiby-relevant soonomic instruments

'E.I:Erl'umﬁd:ull support for efforts o combast poaching and rafficking
of protected species, including ba increasing fhe capacity of local

% c.1 Propertion of iracled wildife 1hal was paached or illicitly irafficked

o o pur e giigtmnable livel ibood opporburebes
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11 o v s e e s s romt 1 1 1 11 s g e e
Group [
Coal 3. Ensure lives and for all at all
1By 2030, recuice e global rmaternal meortality ratio to bess than 70 par 311 Mabernial rraortaliby ratio
WL |y birtie 112 Proportion of births attended by skilled health per sornel
3.2 By 20610, end preventable desthe of newbomes and children under 321 Uincer-5 mortaliby rate x
S pears of age, with all couninies aiming to reciuce neonatal maortalib b o
Ilnatlult-ru 12 jpeer 1000 Brve birtha ard undser-5 rmonality 1o at least as
bowr 8 25 pee 1000 live burthes 322 Meonatal rorality rabe
AT Mumber of rew HY irfechons per 1000 urerfeclied popul shon, By
mew, sge and key popul stions
33 By 230, end the spidernics of AIDS, wberculasiz. malaria and 332 Tuberculasis incidencs par 100,000 pepul shon
reglecied opical dissases ard combst hepatiis, waler-borre o 333 Malana incidence per 1000 population
el otheer cormmunicable disesses 134 Hepatitiz B incidence per 100,000 population
335 Mumber of people requiring interventions against neglecied tropical
danaeg
1.4 By 3030, reduce by ore third premishure mortalding from none 47 Mortaling rate atnibded 10 cand ovasciular diasade, cancer. dabeles X
cormmiricable disaases Fvough pressntion and iMestmen and prormobs or chronic respiralony disssss
rrerilal health and well-being 4.2 Suicide motalib rale
A5 Coverage of realment inlerverhords | pharmacological. pepchoeooal
15 Sirengiben the prevention and irestment of substance sbuse, s rehabililabion snd aftercare servces] for subsiance use disorders
il uding narcotic drug sbuse snd harmiful uss of soohol 352 Mookl per capiba corsumplion |sged B ywesrs and older| vithin s
calendar year in litres of pure alcohol
S TRV W TG G R B 2 TR TRR AT P 361D ke chus I penel e gL
A7 By 2030, ergure ureversal access 10 sexual and reproductive health- A 7.1Preportion of women of reproduchve sge | aged 15-83 pears] who
cars services, induding for Family plarning. information and educshon, hawe: thesr need For family planning sali shied with modern metihods
‘ard the integration of reproductive health into national strategies and AT 2 Adolssceni barth rate |sged =W years; sged 15-19 pasrs] per 1000
Llee L] waormeen: in that age group
18 Achieve universal heath coverage, including financial risk protection, | 381 Coverage of exsential health services X
access 10 gusalily ezsertal Pealth-cane services and sooess o safe,
affechve, guaiby snd sffordsble esserbsl medicines and vaccines for all
382 Proportson of popudation with langs houpshold expenditures on
haalth a5 & share of iolsl household sspendibure or incoms
397 Mortaling rale attribeded 1o Feousshold and amibient ar pollution X
398y 2030, substantially reduce the rumber of destha and iliresses from [~=T=T T S TR U N T PR L T W W T S W
|razardous chemscals and air, maler and soil pallufion end conlamingion | of Pupiens [exposure o unsafe Water. Sanitstion and Hygiene for All
39 3 Mortality rabe sttribubed o unintentional poisoning
1 .a Strengthen the implementation of the "World Health Drganization 3 a1Age-standardized prevalence of current tobacco use among
| Frameseork, Corvertion on Tobaceo Control in all couriries. as sppropriabe | persons sged 16 pears and ol der
b Support the research and developrent of vactanss snd madicines for | 2k Proportion of Hhe target populstion covered by all vaccines included
e cormmunicable and non-commurecabls disesses thal primanly sffect iF vt raalinnal progranime
deweloping countries, provide access ho affordable essential medicines
‘il vaccines, i sccordance vwth the Doba Declaralion on the TRIPS b2 Tokel et official development assistance to medical research and
Agresment and Public Healith, whech sfferms the nght of developang et bty Sdction s
‘couniTies o uze to the Full the prosisions in the Agreement om Trade-
Falaled Azpects of Intslleciusl Property Fights reganding fesibililies n 2 b.3 Fropaortion of health Facilifies that have a core set of relevant ¥
iprolect public health, and, n parlicular, provide sccess lo medicines for ol | esperdial medicires svailable and affordable om a sustmneble bass
T PR ST I TR VL 1T PC WS T OSa U1 T T T LT 1 P U7 0 ErC Ty v
dereel opmenk, irsireng and relention of the Fealth workForcs im developing s :
couninies, especially in least developed countries and small island A1 Health werker density snd cistribution
. i =
145 e [he by of all & i, iry pecticudar o 3 d1international Health Regul ations |IHR) capaciby and healtin
 For i izk, reduction and oF Palinnal | ey e Ep - -
xmmt’! Hmm“"g'" ! o and management of nal ddls Percardage of bloodsirear sl echons dus o selecled arbrmicroba-
resistant ongsrisms
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8 15ustain per capita economic growth in acoordances with national
carcumistances and, in paricular, al least T per cend gross domestic

| Growp 3 1 _
(Gl 8. Promote sustaimed, inclusive and sustainable ecomomic growth, full and productive employment and decent work for all

811 Anveal growth rate of el GOP per capila

2 Achpeve Fighes |evels of sconomic produchviby through divershoshon,
technological upgrading and innovation, including through a Focus on

rﬂdg‘mﬂ'lpﬂ arwriam i the |eas!t developsd courries
kil
Figh-valus added and | sbour-irtencive sechors

821 Annual growth rabe of real GDF per emploved person

83 Promeobe developrrend-onenisd policies bhal suppon produchve
actrwbes, decenl job cresh on, ertfeprensurship, crestrely and Inrowshon,

831 Propoarhar of informal ermplourrenl in lolal empl cument, by secior

and encourage e Formiali zation and growmth of micro-, small- and medium-]  and sex x
szed endenprizes. induding through access lo financial serdces
8 & brrprovs progressively. throwgh 2030, global resource efficiency in B.4.1 Material Foolprint, material Foolprint per capita, snd rmaterial footprirk
corsumpion and production and endssvour lo decouple ecoromic growth | per GDFP
from enwironmental degradation, im accordance with the 10-Year
Framersort, of Programme:s on Sustsnable Consunmplion and Production. | 84.2 Domestic material consumption, domestic malenial consumption per
with deweloped counines takang the lead capita, and domestic material consumplion per GDP
5 Bue 2000, achimve full and productive smployrment and decant work for [ 851Awerage hourly eamings of employees, by sex. age, ocoupation and X
all momen and men, including for poung pecple and persons veth pergong vath disatuliies
i sabililies, and sual pay For work of soual value 852 Linernplopment rate, by sex, age and persons with dizabiliies b
|86 By 2000 substardially rechace e propomion of wouth not en B 1Proportion of wouth | aged 15-24 years] nol in sducalion. srplosment X
il oyment, educabon o traring o [rmring
87 Take imirediale and effechve messres lo efadicals forced |abour, end
miodenn =l asery and human rafficking and secure the prohibition and & 7.1Proportion and number of children aged 5-T7 pears engaged in
edarrirali on of the worst formne: of child labour, inchuding recrubrent and child ke, b s age X
wse of child soldiers. and by 2025 end child | abour in all its formns
B8 1Fatal and non-fatal ocoupalional injunies per 100000 workers. b sex
88 Protect labour nghts and promole safe and secuns working and migrant stabus
erwironments for dl workers, including migrant workers, in paricular B g T s T S (R AT &
H f azmocistion and collechwe bargaining] based on Intemational Labour
rromen Frigrani, and thoss in precanious smployment G:grizdimll.ﬂ] textual gources and ralional legislshion, by sex and
189 B 2000, dervee and implermend policies bo profrobe sustanable ounem ] 4 |
Wit crsaine jolse sl prernolae |ocal curs anel roccis 891 Tounism direct GDF a2 a proportion of tobal GOF and im grovth rate
BT 2 | Kumber of commersal bank branches per 100,000 sdulis snd
8 1 Strengthen the capaciby of domestic financial instilutions o encourage | [ & | number of & 1 tedler machines [ATk4s) per 100,000 adulls
‘ared expand access 1o banking, nsurance snd financaal serdces for all B 0.2 Proportion of adults [T vears and older| with an account o a bank
of olher Financial inslillion o wabh & mobile-mone-serace provider
least deweloped m:.mmmthm-ﬁlmm £ "
Framework for Trade-related Techrical Assistarce to Least Developed B Al for Tracls covmmilemaris: snd chabtrasrmants
b By 2020, devedop and operationalize a global strabegy for youth Bb1Exstence of & developed and operationalized national sirabegy for
el oyt s srplement the Global Jobs: Pact of te Intematonal woidh errployment. &z & disling sinsbegy of a3 part of a national
ILd:nLID'E'zd:im u'rq:lmmd.ulrw
Greal 9, Build resilient infrasraciure, promore inclusive and sustaimable induserialization and fotier innevarion
91 Dierved iy, reliable, sust 1e and resilierd irfrast 9.1.1an:\;nﬂ1‘mimcfﬂ'un.rdpq:.lalimﬁ'lnliwﬁﬂ'in2kmnfmdl-
racliackrng regional and ransborder infrastruciure, [y SUDEON BConOmic aEn
development and buman well-being. vith & Focus on Sffordsble and
equitable access for all A2 Pazsenger and freight wolumes, by mode of ransport
[92 Fromete inclusive and sustsnable indusinghzabon and, by 2030, . .
sigrificartly raize | s share of el and gross e 921 Marwd achuring value added as & proporion of GDP and per capita
Jeroduct. in lirw with nstional circumstances, and double it share in lesst [ g4 ParnFacturing sirploument &8 & progsrtion of total srployerent
| developed counines
‘9 3 brcrease the access of smeall-scals sndusinal and ofber enlerpnises, in 931 Proporior of srnall-acals indusines wn bobal irdusiry valus scded x
|particular in developing coundnies, to inancial serdces, including
afforclable credit. and Beir irdegralon it value chasre and markels 932 Proporbon of small-scale indusiries with a loan of lire of credil X
[ O O, CR o e T W e ST O By LT T RO T T T TO TR e W ey
sustanabls, with srcressed resource-use efficiency snd greater sdopbon
of clean and ervironmentally sound technologies and industrial 24100, emission per unit of value added
|erucesses. vdﬂ*\d_l_:_nrmuldum Scion in accondancs wth Teir
95 Erhance scleridfic ressarch. upgrade the echnologes capabsliies of
skl 5 inall .. iy Dol doping . 45 1 Rezesrch and development sxpenditure sz s proporbion of GOP }:
reclucling, by 2030, encouraging innovation and substantially increasing
s rirrber of ressanch s development workers per 1 million people and 952Fe i Full-time ecuivaleni] per million _— X

public srd privats reseanch snd development spending

0 a Facilitabe salmnatie and resiliend inirssirachae development i
derveloping countries through enhanced financid, kechnologics and
technical support to African counries, least developed counries,

larcilocked devel cordn e & sl sl and desl Stales

a1 Tobsl offical inbernabons support [official developrment assisisncs
plus other official flows] ho infrasiruchre

L LR
deneloping countries, including by ensuring a cordiucne policy
ernironment for, inter alia, industnal diversification and value addiion o

3b.1Proportion of medium and high-tech industng value added in iotal
walue added

ﬂcﬁﬁﬁcﬂﬁmmwiﬁmmwmmaﬁw
hechrwlogy ard sirve 1o provide undversal ard affordable scoses o the

91 Proporticn of populsbon covered by & robele nstwork. b lechrolog

!l_'l:u'n_n!l_'llm l:l:ﬁ':lnpndmnbym_
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Geal 12, Ensure smstainable and

T 1 Murmber of courines developrg, sdapling o implementng pohcy

-rrm-;la fttmanﬂammﬂuummmjumm

Consumplon and Production Palterns, &l countnies tsking solion, with p e the shift bl -
developad couninies taking the leacd. taking inio account e developmant | =t e s supRering {o susiamsble consumetion X
2 2.1 Msterial Foolprind, msterial Footprint per capita, and materal footpring
122 By 2030, achieve the sustsinable management and efficient use of par EDP X
Al FesoUnCRs .22 Dormestic matens comsumplion, domestic matenal consumplion X
per capita, and domestic malenal consumption per GOP
T N O TR T T T DR T PR S 2 T T A I TN TS TN T
beveds ard rechace food losses alomg production and supply chaing, 2371 # ] Food loss index ard | 2 ] Food wasie index
4.1 Humber of parties o nternational multilstersl srvronmenital
) agreamends on hazardous waste, and other chamicals that rmest their
12 4 By 2020, achiewe the ervironmentally sound management of cornmetments and obligaions in rarermitling informalion as reguensd by
chernicals and all wastes rroughout freir life cucle, in accordance walh each relevart agresment
agread srbernabona Framewoark s, snd ssgrabcanty reducs theair relasss bo
- vaaber s soil = i ize thaeir adverse impects o burman . )
l;mmhmmmm f . o 4.2 # | Hazardous washe gererated per capila; and [ & | proportion of
beazanchooss warshe raabed, by oo of ineatrmant
25 By 2030, subsianbally rechuce waste gerershon frough prevenbion, . . .
rechuction, recicling and reuse 251 Hational recycling rabe. tong of material recycled X
126 Ercourage companies, especially large and ransnational companies,
o adop! sustanable prachices and 1o inbegrate sustainabeling information 261 Nurnber of cornpanies publishing sustainabdling reports
ko Hheir reportng cucle
12 7 Prormote public procinemenl prachces tal ane sustainable, n B Humber of courtnes implemenhing sustansbls publhic procurement
accordance mih nshonal poboes and pnorilies policies .r.d.mhmgu-n?
T.&1E:xtent to which (i) global citizenship education snd [ii] education
Eﬂim‘:ﬁl mni::umuh'bl:lzlﬁnrjur:':ﬂmrh for sustarable development are masnsreamed in [ 2 | nalional sducation
palicies, | & ] curicula; | ¢ ] leacher sducabor: and | &) student
rahre armEzemEnt
T & Support devel operg couniries o sirengihen their soerbfic and . L .
technological capaciby o move lowards more sustanable pattems of Zal h“?.lm renatie l_“:jﬂr"w’lm eapacily in developing
corumplion and production saln por oo
T T O AT T T T e T P I T T T T ST ST P LR eI N T 0 T Implemenialion of standard accouniing 1o0ia 1o morior X

scoromec and ervarcamentsl aspects of lourism sustanabilily

o ira i T T T TR S P
m.nmhmhlmmnnnwtddmhms mmdmwl'lruhnml

orcumstances, including by restnuchuning toostion and phasing out those:
Jrarmifid suibicies, whre e e 5 o reflect reir srmarcnmental impacts,
Hakarg fully inlo account the specific needs and condibores of dewsloping

counities and mEnimizing the possible adverse impacts on their
RN Y ST SR P LR RN AR PSR | DA | Fo P

Ee.1 Amourd of Fossl-fusl subsidies [ produchon snd corsumphion) per
uril of GOP

| Geal 17, Sawengrhen the means of implementarion and revitalize the Global Parmerthip for Suniainable Development
Finance

T Shrengihen Comeshic resource motilZahon, (nCwuang T ough

1111 Total goverrirend reveross a3 a proporiion of GOP. by source

wrbernabons support 1o developing coundnies, o smiprove domeshic capacity

T 12 Proportion of domeshc budget Funded by domeshic laxes

|fnr lax and other rewenue collection

TS T TR g O Ty
a:su:lu'm commetmenis, inchuding the commitment by many developed
counities o achieve the target of 0.7 per cent of gross national income for
official devetoprent assmstance [ODWGN] e developing counnes and
015 020 per cent of ODWTGEN o lsast developed courtnes; OD&
Providers are encouraged o consider setting a larget o provide at |east

O s snnd ol TID AN RN S B send inbas sl e sl v

T2 Nt official deselopment assistance, total and o least developsd
courtnes, 53 & proportion of the Organizalion for Economec Coopershon
i Devvel opment [OE CD| Development Assistance Commithes donors”
grozs national incomes (G

7.3 hobilize additional fimancial rescurces for developing countries from

.31 Addibonal fnancial resources moblized For devel opang couniries
From rmultiple sources

rrdliphe surces

T3 AT O TETTRa Iy [TV e —RaNE s AT ST 0% O DR oy
= ==l

T4 Asmst deweloping counines in alisirerg |ong-lerm debl sustanabediy
trrough coordinated policies smed at fostering debt Anancing. debt relief
e chedbl resinuchneng, s aporopnsbe. and address e exhernal debl of

| highly ndeblad poor counimnes lo reduce debil destress

4.1 Debt seracs 53 & proportion of ssports of goods and servces

7.5 Adopl and implement imestment prormolion regimes for least
dewel opied couniries

T TTRRT T O I TS R O, o i T AT K TP ES e

promotion regimes: for developing couniries, including the: least
S .

Tochnol

A" -
T7.E Erhance Morh-South, South-South and inangular regeonal and
mhermiationg cooperabion on and scoess b science, lechrology and
arruealion o anhians kel shafing on ridusll i b e,
ervirormentally sound echrol ogies Inlduudq:ing couniries on Favourable
terrreE, incuding o concesssonal and prefenenti al lerrme & rutuslly

irrovaticn capacity-building mecharizrm For lssst ceveloped countries by
2077 and erhance e use of enabling technology, in particud ar informastion:

17.E.1 Fixed Inemet brosdband subscriptions per 100 inhakitants, by
speed"

.71 Tetal smount of lunding for developing counines o promole fhe
development, iransfer, dizsemination and diffusion of ervironmentally

sound bechnolog et

T B Froportion of indnadusls usirg the nbernst

Capacity-building
7.9 Erhance internaional support for implementing sffectres and largeted
capacih-bulding in developing couninies lo support national plans o
wrplement 8l e Sustainabls Developrrert Goale, weluchrg thnough

.51 Dollar value of finarcial and echrical sesslancs [incuding
through Korth-South, South- South and inanguilar cooperation] comm thed

tor el oping) couriries

| Horth-South, South-South and inangulsr cooperstion
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Trade

T I P TOTRE T T TV ET S, TN S R ey, DT, T P SCTa T IO o ey
e lable rodlilsleral rading seshern under e World Trade Crganization,
wroc] Lachrsg) throagh the conclusion of regolishions under iks Dok

M:M“aimhﬂ&ghh!ﬂmmm:.' share of

T worlcheache v ghbe tarniff-average

TN Devel oping courtnes” snd lesst developed counines' share of
global Exports

TR T T A T T R TR
mmalmmmsh all leas! developed counines, congishent vtk
‘world Trade Ongarmzabon decisions, mcludeng by eraunng that
|oreferential rules of ongin applicable o imports from least developed
counines ane iransparent and simple. and coniribube bo Facililaling rmarket

T2V Weaighted average lanffs Faosd by developing counines, |sast
developed countiies and small i sland developing Stales

IWII issueEs

ST oL e

1.5 Enharce global racrosconormc stabilily, incuding through palicy
coordinabon and policy cohererce

7131 Macroscoromic Dashboand

17. ¥ Enharce policy coherence for sustainable development

.18 1 Murnber of couniries vath mechanizms in place 1o enhance policy
cohererce of susimnable developrment

.5 Rezpect each country's policy spece snd lesdership o establish snd
implement policies for poverty eradication and sustainable developrment

T Eddert of use of countn:-owred resudls Framewsorks snd planring
hool s bap proviciers of developmeni cooperation

T T T P e T T T T 2T P ST T ooy P e e e
complemiented by mulli-stakeholder parinerships that mobilize and shanes

Jorewdncge. expetipe. bechnology and firancal resources, o support the
ad'imrl cﬂheEﬂ.ﬂLuind:luDﬂdq:'nerlﬁud:mdl coLarines, i

MMPI mlﬁgmhwwmsnmm

T8 1 Murnber of couniries reporting progress in rmulli-slaketol der
development effech veress moritoring Framesworks that suppon The
achievement of the sustanable development goals

TE17.1 Berrscwant o Ubrabedd Shabes dollars commitied o public-povals
partrershipes for infrastnuchune

.ﬂ.wl.! mmaﬁw

T8 By 2020, enharcs capaciby-buil ding support lo devsloping countnes,
rcluding for least developed countries and small island developing
Slales, 1o increass sgreficandy he avadabiling of Fegheguslile, limely and
relisble data dizaggregsied by incoms, gender, age, race, sthniciby,
migraton, stabes, disabilin, gecgraphic location and other characheristics
relervant in national contedts

Ly | T T TR Ty LT T P L e TR e ey

L8] 2 Humber of countnies that have national statistical legislation trat
cornphies with the Fundsmentsl Principles of Official Stalistics

T.18.3 Humber of countnes with 5 nstional sistishcal plam that s fudly
funded and under implementastion, by source of funding

7.9 By 200301 busidd o eisting iniliatives Lo develop messurerments of
orogress on susisnsble development fhat complement gross domestic
product, and support statishical capacih-bulding in deweloping counines

7,191 Dollar waluse of all resources made available lo sirengihen statishcal
Capeacily in Dl Oping courines

1 Proportion of courines sl [ & | have conducted al least ore
popul shon and housing census in the last 1 pesrs; and [ & | have

achieved 10 per cent birth regisiraion and 80 per cert death regisiration
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ANNEX 4

SUSTAINABILITY FRAMEWORK OVERVIEW

Rewofiotonstor

1 - Tailpipe
2 - Brake
3 - Closed environment emissions

1 - Tailpipe

2 - Brake

D P10

3 - Closed
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1 - Tailpipe
2 - Brake
3 - Closed environment emissions
.
‘ 1 - Tailpi
TABLE A-1
b} From Jasinski et al. Fig. 2
Impact category Expected change due to AeroSolfd Qualitative indicator (pos/static/neg/?) Lead Partner PP (how the SLCA, RA..) can be 'S (Final in Jasinsky et al. adjusted)
4 et change may occur, ion and cooling. [Emvironmental impact assessment [LCA) Global warming potential
Environmental impact assessment [LCA) Stratosgheric czone dephetion
[net NOX release to air s expected to be reduced Environmental Impact assessment [LCA) Photochemical ozone creation potential
Improved air-quality s expected, including seconcary & [Emvironmental impact assessment [LCA) Acidification patential [terrestrial and aquatic]
Enviranmental impact |12 L <1e)
Improved air-quality is expected, including reduced formation of secondary serosols [Ermironmental impact assessment [LCA) Particulate matter formaticn
LIFE CYCLE STAGES € rvironmental impact assassment [LCA) Eutrophication potential {terrestrial and aquatic)
4 pastive change is expected [Ecotonic asiessment (.., SSWD approach) (LCA) Ecatoxicity (terrestrial and aquatic)
Human tosicity
Design Is expected for production, use and disposal [Energy budget (LCA) Energy consumption
. X Resource and minerals consumption net of renewable,
more ressources will be needed (i.e. net waste) [Materials budget (LCA) reused and recycled )
[ more ressources will be needed [i.e. net waste) water use assessment (LCA) | water consumption
Resource impact
[more ressources will be needed [L.e. mining, energy, space for use, and net waste) Assessment of land use [LCA) Land use
Raw materials.
A change coukd accur due to impact on car by retrofit salution [Eurn NCAP rating, qualitative safety assessment/imspection, [Vehicie safety [accident avoidance)
o change; Potentially increased traffic due to mare E-freindly Traffic measurement [Congestion
Manufacturing. 4 change could occur due to impact on car by retrafit solution; and noise from filtration units [Moise and vibrational measurements in site; per vehicle/filtersystem Neise and wibration
& change is expected due to reduced emissions and filtration. chemical measurements / release tests (2., FLEC) |vehicle interior air quality
(Capacity per vehicle unit; disability-friendliness; Mobility capability
use & change is expected; increased employment [Estimation of employments associated with the retrofit solution Employment (quantity)
[ change s expected , but can vary depending on life-cycle stage (production, use, waste..| sk assessment (qualitative ca) |Occupational health and safety
[Employment quality]
Mo assessment needed Labour rights.
Mo assessment needed Hurman rights (including confict mineraks)
~
End of Life sk assessment for the public {commuters and general) [5LCA) | General public health and safety
& change is expected; increased cost of new product [Financial cost-benefit (LCA) Money to contractors
4 change is expected; increased cost due 1o addition of new product Financial cost-benefit [LCA) Production cost [Gross profit from
selling a car, materials,
Econamic impact & change is expected; increased cost for consumer due to addition of new product; gain for producers Financial cost-benefit (LCA) | Acquisition cast components and from
product maintenances
4 change s expected; increased cost (fuel and electricity, senvice) due to addition of new product [Financial cost-benefit [LCA) |Operating and maintenance cost and finance]
A change is expected; resicual value shauld be assessed and included [Financial cost-benefit [LCA) End-ol-ffe cost (vakue)
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_b) From Jasinski et al. Fig. 2

) From Jasinski et al. Fig. 2

in the

UN Sustainable

MIDPOINTS (Final framework in Jasinsky et al. ad, d)

UN Goal 6

Global warming potential

stratespheric azone depletion

[Phatochemical azone creation patentisl

acidification potential {terrestrial and aquatic)

Particulate matter formation
Eutrophication patential (terrestrial and aguatic)
[Ecotomcity [terrestrial and aquatic)

Human toxiity

v

UN Goal 11

UN Goal 14 | UN Goal 15

v

Development Goals in prop
— UN Goal 8

UNGoal9 | UNGoall2 | UN Goal 17

END POINTS

UN Sustainable Development Goals in proposal

v

Climate thange

=

Impact on biodiversity

Resource depletion

Energy consumption

[Resource and minerak consumption (net of renewable,
reused and recycled materials])

water cansumption

Land use

e < | |

< < | <<
€ < |< (<

Group 2

uehicle safety (acodent avaidance)
Congestion

oise and vibration

vehicle interior air quality
[Mobility capability

[Employment (quantity)

Human health

v Group 3

1 |occupational health and safety
[Employment quality]
Labour rights

Gross Value Added

[Human rights (including conflict minerals)

General public health and safety

e < & e e e e

< < | < | = <

ity (alr, water and soll quality)

Quality of ife [Human wellbeing)

Clean water and sanitation [UN Gaal 6]
sustainable cities [UN Goal 11]
Life below water [UN Goal 14]

Life an land [UN Gaal 15]

Good health and well-being [UN Goal 3]

[Economic growth [UN Goal 8]
industry, innovatian & infras. [UN Goal 5]
[Responsible production [UN Gosl 12]

[Maney to cantractors

[Gross profit from
selling a car, materials,
companents and from

[Production cost

Acquisition cost

product
Operating and maintenance cost and finance]

[End-of-life cost (value)

<= |2 = <

e < |2 < <
s | s s (<
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1 - Tailpipe
2 - Brake

_|3.- Closed environment emissions

TABLE A-2
) Frovm Jasinsk et al. Fig. 2
h (how the mid, [
Impact category Expected change due to AeroSolfd Qualitative indicator (pos/static/neg/?) Lead Partner s RA..) can be MIDPOINTS (Final framework in Jasinsky et al. adjusted) —I

4 net change may ocour. Uttrafi ok nd coall Environmental impact assessment (LCA] Global warming potential
| Ervironmental impact assessment [LCA) stratospheric szone depletion

Inet NOX release to air is expected to be reduced Environmental impact assessment (LCA) Photochemical azone creation potential

I i is e f I
I _".;':"'l:" *";"“' opected, includeg Evironmental Impact assessment (LCA) acidification potential terrestrial snd quatic)
| Improved sie-quality is expected, including reduced formation of secondary serasols Ervironmental impact assessment [LCA) Particulate matter formation
' \LIFE CYCLE STAGES Environmental impact assessment [LCA) Eutrophication potential {terrestrial and aguatic)
i [ postive change is expected Ecotoxic t(e.g. hLCA)
B Human 1oty
+ Design | anincrease is expected for production, use and disposal Energy budget (LCA) Energy consumption
] | more ressources will be nesded [Le. net waste) Matenials budget (LCA) :‘:“;‘:M“ """"‘:;:::]"“” Inet of renewable,
| | more ressources will be needed [i.e. net waste) water use assessment (LCA) Water consumption B
| Resource impact —
) more ressources will be needed (Le. mining, energy, space for use, and net waste] Assessment of land use [LCA) Land use
u [
, Raw materials
,_ | change could occur due to iImpact on car by retrofit solution [Eurn NCAP rating, qualitative safaty assessment inspectian, vishicle safiety (accident avaldance)
' No change; Potentially Increased traffic due to mare E-freindly Traffic measurement Congestion
| . " i [Naise and vibrational measurements in site; per . [
| Manutacturing |A change could accur due to impact on car by retrofit solution; and noise from filtration units ey Woise and vibration -
H| [ chang d due to reduced emissians ehemical measurements / release tests (e.g., FLEC) Vehicle interiar air quality
| b (Capacity per vehicle unit; disability-friendiiness; Mobiity capabiity
1 Use | change Is expected; increased employment with the [

A change is expected . but can vary depending on life-cycle stage (production, use, waste..) d o i and safer,
1 [Emphoyment quality] [
| [No assessment needed Labour rights

Human rights (mcluding conflict minerals)

| |[end ot Life bl -
| | changs increased cost d of new product Financial cost-benefit [LCA| Money to contractors

| change is expected; increased cost due 1o 3odition of new product Financial cost-benefit Production cost [Gross profit from
u st e ‘seling a car, materials, |
i | change increased cost for consumer due to addition of new produsct; gain for producers [Financial cost-benefit [LCA) Acquisition cost components and from
| uct maintenances [~
| | change is expected; increased cost (fuel and electricity, service) due to addition of new product [Financial cost-benefit LCA) Operating and maintenance cost ::hm'

h shauld b
i changs sed

CTamiEaa

Fnancial cost-benefit [LCA)

End-of-ife cost fvalue)
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) From Jsinski et al. Fig. 2

JJ From Jasinski et ol Fig. 2

Jin the proposol

UN

Goals in prop

END POINTS

MIDPOINTS (Final framework in Jasinsky et al. ad) d)

UN Goal 6

UN Goal 11

UN Goal 14

UN Goal 15

UN Goal 3

UN Goal 8

UNGoal9 | UNGoal12

UN Goal 17

UN

p Goals in p

P

Global warming potential

stratospheric ozone depletion

Photochemical szone creation potential

acidification potential (terrestrial and aquatic)

Particulate matter formation

[Eutrophication patential (terrestrial and aquatic)
Ecotoricity (terrestrial and aquatic)
Human texieity

v

v

v

Groupt

q y lair, water and q

<

impact an biodiversity

[Resource depletion

Energy consumption

Resource and minerals consumiption [net of renewable,
reused and recycled materials)
water cansumption

Land use

< << |

= = = e

< || < <

Group 2

Vehicle safaty (accident avoidance]
Congestion
[Noise and vibration
Wehicle interior air quality
Mobility capability

[quantity)

<

Quality of life {Human wellbaing)

Group 3

Oceupational health and safety

quaiity]

Gross Value Added

Labaur rights

[Human rights (including conflict minerals)

4

(General pubiic health and safety 1

CRENE N A SN S

< || e -

Clean water and sanitation [UN Goal 6]

Sustainable cities [UN Goal 11]
Life below water [UN Goal 1]
Life on land [UN Goal 15]

| Good health and wed-being [UN Gaal 3]

Maney 1o contractors

Praduction cost [Gross profit from

seffinga car, materials,
components and from
product maintenances

acquisition cost

Operating and maintenance cost and finance]

End-ofife cast fvalue)

< < |2 =

LR NS

< < << =
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1 - Tailpipe
2-Brake
3- d envi nt emission:

‘ 1 - Tailpipe

2

g 3- Closed

TABLE A-3
b) From Jasinski et al. Aig. 2
I "
Impact category Expected change due to AeroSolfd Qualitative indicator (pos/static/neg/?) Lead Partner i SLC[ A, R:). car b 2 = MIDPOINTS (Final framework in Jasinsky et al. adjusted) =
A net change may occur. P d cooling. Environmental Impact assessment (LCA) Global warming potential
[Environmental impact assessment [LCA) plet
net NOX release to air is expected to be reduced Environmental impact assessment (LCA) Photochemical ozone creation potential
Improved air-quality is expected, including of secondary (needs _—
|Environmentalimpact [along Life-cycle) impact assessment (LCA) atic)
Impeoved air-quality is expected, including reduced formation of secondary aerosols [Environmental impact assessment (LCA) Particulate matter formation
LIFE CYCLE STAGES Environmental impact assessment (LCA) nd aguatic)
|A postive change is expected [Ecotoxic assessment (e.g., SSWD approach) (LCA) [Ecotoxicity (terrestrial and aquatic) B
[Human toxicity
Design production, use [Energy budget (LCA) Energy consumption e
[Resource and minerals consumption [net of renewable,
| more ressources will be needed (. net waste) Materials budget (LCA) e it .
| more ressources will be needed (L.e. net waste) water use assessment (LCA) Water consumption 1.
more ressources will be needed (Le. mining, energy, space for use, and net waste) Assessment of land use (LCA) Land use
Raw materials
|A change could occur due to impact on car by retrofit solution [Euro NCAP rating, qualit; afety hicle Y avoldance)
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