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Executive Summary

The deliverable aims to provide an overview of various types of footprints and environmental impact
indicators and then review existing personalized carbon and environmental footprint calculators in
detail with a viewpoint to assess their suitability for use in I-CHANGE Living Labs (LLs). Additionally,
the deliverable also discussed a few macro-scale modelling methodologies and simulation
frameworks that can help assess the impacts of changed behavior on climate and the environment.

Environmental footprints and indicators to measure impacts are considered alternative
methodologies to assess the impacts of human activities on the environment. The deliverable
provided an overview of both of them in detail. With certain information collected from the I-CHANGE
living labs about their activities, expertise, focus areas, tools and sensors used to collect data in the
past and their planning during the I-CHANGE project, the preliminary proposition of related footprints
and indicators for each living lab is developed. Because of the universal nature of Carbon footprint
and also their wide availability and acceptance, the deliverable carried out an extensive review of
existing open-access personalized carbon footprint calculators (in both forms as a smartphone app
and web-based calculators). The Multi-criteria analysis approach is used to obtain the list of a few
most suitable calculators that score best in all major criteria. The criteria used for their scoring are;
1) calculation basis (clear explanation of the calculation methodology), 2) consideration of a wide
range of input categories (including transport, consumption patterns of food, goods and services,
recycling behavior etc.), 3) Balancing of the questionnaire in terms of asking information that is
readily available to the users, 4) Regional-global transferability of the tool, 5) output styles and
strength of information, 5) user interaction/engagement consideration. High weightage is given to
criteria 3 and 5 while performing the analysis because working with citizens in a living lab
environment requires the use of tools that have these key features. Calculators that have been
developed by government organizations are more robust and optimal to use in living labs (e.g. Sitra,
WWEF etc.). Apart from that Consumer footprint calculator is also discussed in detail as it provides
output in terms of effects on impact category indicators. Within macro-scale assessment models,
models related to personal mobility, energy consumption, air quality and climate change are
discussed. A few selected models based on their relevance for the -CHANGE project in each domain
are discussed in detail along with their data requirements, outputs and their integration with each
other to help analyze the translation of the effects of policy scenarios from one domain to another.

Within the deliverable, it is also attempted to link the content with tasks/activities of other work
packages in the project. For example, the discussion carried out about carbon footprint calculators
and their suitability directly supports task 4.4 of work package (WP) 4, where there is an intention to
develop the project’'s own carbon footprint calculator. Additionally, footprints and indicators
mentioned in the 2" Chapter of the deliverable along with their mapping for each living lab are also
an important output of this deliverable as it will pave way for designing data collection and citizen
science activities within a living lab in such a manner that these footprint/indicators can be assessed.
Together this will support various tasks in WP 2 and 3. Also, discussion of macro-scale models is
mentioned in a manner that will provide support to tasks 3.1, 3.2 and 3.3 in WP 3.
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Impact potential and means to achieve them

The key results of this deliverable are as follows:
¢ A mapping of footprints and impact indicators for each living lab in the I-CHANGE project.
o A few optimal Carbon footprint calculators that are found suitable to be used in living lab
environments, especially with citizens

¢ Identification of key macro-scale models that help assess impacts of behavioral change on
the environment and climate.

All of the above-mentioned results are building blocks to carry out several other activities and tasks
in other WPs of the project. This is explicitly mentioned in the deliverable. The impact of these results
cannot be directly ascertained at this stage of the project; however, the use of these results is
certainly helpful in developing/designing of activities within the LLs, and supporting the development
of the project’s carbon footprint calculator.
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1

Introduction

This chapter defines the background and contextual information on which this deliverable of task

1.3.2

is based. This is the sub-task within task 1.3, in which it is required to review and evaluate

existing methodological tools that enables evaluating the impacts of behavioral changes in the
lifestyles of citizens. The chapter first explains the scope of the deliverable, the key objectives and
then its inter-relationship with the other tasks in the I-CHANGE project. The proposal defines task
1.3.2 as follows:

1.1

Task 1.3.2: Methods for quantitative evaluation of the carbon and environmental
footprint

Leveraging from previous H2020 projects such as ClairCity and iSCAPE (see Table 1.3c), this
task analyses a range of tools to assess the carbon and environmental footprint of different
citizens’ behaviors at micro and macroscopic scale. Apart from traditional simplified carbon
footprint calculators, new emerging tools will also be examined in this task, such as a healthy
lifestyle assessment toolkit (Reis et al 2019), healthy lifestyle and personal control
guestionnaire (Darviri et al 2014). The prime focus will be to derive/adapt an existing tool that
can be used in citizen science initiatives to assess changes in behaviours. A Multi Criteria
Decision Analysis method (Cinelli et al. 2014; Barbosa et al. 2017) will be followed to examine
the efficacy, sufficiency, and data requirements of existing assessment tools.

Scope of the Deliverable

Based on the description of the task (given in grant agreement document) as mentioned above, the
scope of this deliverable is defined as follows:

The deliverable first provides the definitions of a large variety of footprints (within the
environmental footprint family that also includes carbon footprint). However, in relation to |-
CHANGE project and also the task scope where the focus is to evaluate the impact of
behavioral change in the lifestyle of a citizen, therefore, more attention is given to a few
environmental footprints. Additionally, the alternative key indicators are also discussed as
proposed by EC that provide the basis for evaluating assessment of behavioral change
The review of carbon and environmental footprints discussed in this deliverable is limited to
personalized or individual based tools available as open-access. This is because the overall
aim of this task is to review the methodological tools that enables evaluating the behavioral
changes in the lifestyle of citizens. So, tools that examines carbon footprints of companies,
industries and other entities are not discussed in this deliverable.

In relation with the description provided, the deliverable examines tools and methodologies
at micro and macro scale. The term micro scale is meant for tools that help evaluate impacts
of individual lifestyle changes on environment and climate e.g. personalized carbon footprint
calculators that provide a quantitative information about equivalent CO, emissions resulting
from the lifestyle of a citizen. The term macro scale indicates instead the methodologies and
models that help quantify the impacts based on the collective behavior of individuals in a
particular region. For example, models and simulation platforms that help predict changes
in lifestyle of individuals given a particular scenario and therefore provide estimation of
resulting changes in emissions, air quality (i.e. pollutant concentrations) and climate.

8
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1.2

However, this deliverable is more focused on personalized tools (micro-scale tools) as a few
of these tools will be utilized in the living labs experiments and engagement activities with
citizens.

In addition to the above, the deliverable also explores the setup of all I-CHANGE living labs
in terms of tools they have been using and the type of citizen engagement activities they
have conducted in the past (especially for existing living labs) and seek information about
their focus and plans for citizen engagement activities within I-CHANGE project. For this
purpose inputs have been collected from all living lab representatives based on a pre-defined
guestionnaire. This exploration allowed creating a mapping of carbon and environmental
footprints indicators that may be more important for a particular type of I-CHANGE living lab
and therefore identify the more suitable tools for each specific LLs. This analysis therefore
provides support in recommending specific optimal tools that are more for the purpose of
each living lab.

A qualitative optimization analysis is carried out using the ranking approach by setting up
multiple criteria for existing personalized footprint evaluation tools. The criteria considered
their efficacy in terms of outputs/inputs, calculation methodology and data requirements. The
ranking approach used is taken from the multi-criteria decision analysis (MCDA) literature.

Inter-relationship with other tasks

Tasks and activities in the Work Package 1 (WP 1) are laying the foundation of the I-CHANGE
project. Therefore, this deliverable has several inter-relationships with other tasks in the project.
Figure 1 provides an illustration of these relationships and also describes which content (in terms of
Chapters of this deliverable) can provide feed to which tasks.

Deliverable 1.5
(task 1.3.2 of WP 1)

Task 2.2
(Chapter 2,3)
A
Task 2.4
(Chapter 3)
Task 3.1
(Chapter 4)
Task 3.2
WP 3
(Chapter 2 and 3)
Task 3.3
(Chapter 4 )
Task 4.4
WP 4 e
(Chapter 3)

Figure 1: Deliverable inter-relationship with other tasks in -CHANGE project
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Within WP 2, Task 2.2 and 2.4 can benefit from the content provided in Chapter 2 and 3 of this
deliverable. Chapter 2 provides details of the carbon and environmental footprints and their
indicators along with the mapping of these indicators with a particular focus of the living lab.
Additionally, Chapter 3 discusses various existing tools available to measure carbon footprint. The
information is therefore, useful for task 2.2 where different monitoring tools need to be co-designed
for each living lab. Task 2.4 discusses co-development and co-testing of sensors, for this task the
information provided in Chapter 3 is relevant as a few living labs might be interested to develop and
test carbon footprint calculators. Task 3.1, 3.2, 3.4 of WP 3 deals with a development of macroscopic
simulation model that starts from predicting lifestyles of individuals under different scenarios, and
then estimate emissions, and simulate pollution concentration as results of adopting those lifestyles.
Chapter 4 in this deliverable discusses those macro-scale modelling approaches, and some of these
approaches could be followed in those tasks. In Task 4.4 of WP 4, personalized carbon footprint
calculators would be developed, therefore a review discussion on carbon footprint along with
optimization exercise using the MCDA approach in this deliverable would be beneficial to kick-start
task 4.4.

1.3 Layout of the report

The report is structured into various key Chapters. Chapter 2 presents a review of carbon and
environmental footprints and the key indicators that represents the environmental impacts along with
their mapping based on focus area of each living lab in the -CHANGE project. Chapter 3 reviews
personalized carbon footprint calculators and other similar tools and then develop a framework to
gualitatively optimized these tools using an MCDA approach based on their different characteristics.
Chapter 4 reviews macroscopic models and methodologies that help measure different indictors that
shows the impacts of behavioral changes in the lifestyle.

10
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2 Carbon and Environmental Footprints and Impact
Category Indicators

To measure and quantify the impacts of human activiites on to the environment there exist methods,
tools and indicators that were developed over the years. This quantification provides the basis for
development of required interventions for mitigation and therefore help in decision-making.
Environmental footprints and impact category indicators (recently recommended by EC) (European
Comission 2021) are among the developed metrics to alternatively measure such impacts. Section
2.1 presents discussion on environmental footprints (including carbon footprint) and section 2.2
presents discussion on impact category indicators. This discussion is provided with a view point that
a few of them could be use in the living lab framework of the I-CHANGE project.

2.1  Environmental footprint family

The term environmental footprint is an umbrella term (Vanham et al, 2019) for the different footprint
concepts that have been developed during the past two decades, including carbon footprint.
Environmental footprint family is composed of a set of indicators that helps to evaluate the pressure
of human activities on the environment from different angles (Galli et al, 2012). There is a large body
of literature (especially scientific papers and reports) utilizing the term footprint, and it is still
exponentially growing. The majority of the papers limited their focus on carbon, water and ecological
footprints. However, because of complex environmental problems that are resulting from various
pressures, a concept of footprint family has recently emerged and is being further refined on a variety
of different basis. Vanham et al (2019) have defined a family of environmental footprints, identified
overlaps between different footprints and analyzed how they are related to nine planetary boundaries
(thresholds within which humanity can survive, develop and thrive for generations to come) (Matustik
and Ko¢€i, 2021). Additionally, they have also assessed how the footprint family is helpful in
measuring progress towards the Sustainable Development Goals (SGDs) (Ban 2016). Recently, Wu
et al (2021), in their review paper, presented almost a similar framework that was proposed by
Vanham et al (2019). Figure 2 presents the illustration of different footprints, their overlaps and also
their relationship with planetary boundaries.

Based on Figure 2, each footprint represents a particular environmental concern and attempt to
guantify either resource appropriation (resource use) or emissions generated or both (Hoekstra and
Wiedmann, 2014). Footprints are usually estimated for products at any stage of their production to
end user consumption, for individuals, communities (residing at street level or villages to global
level), for companies or economic sector (Fang and Snoo, 2014) . Because of this flexibility in the
estimation process at various levels, the quantification process involves understanding the product
development process along with its transportation and consumption patterns. Also, if it is for
individuals, then it is required to obtain information in a way that their lifestyle is appropriately
understood. Therefore, the development of their quantification methodology require involving a
variety of stakeholders, civil society, industrial stakeholders and decision makers (Hoekstra and
Wiedmann, 2014). The following paragraphs give details of each footprint of the environmental
footprint family.

11
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Figure 2: Environmental footprint family (source: Vanham et al 2019)

2.1.1 Carbon Footprint

Carbon Footprint (CF) is the mostly widely investigated and now being considered as a vital
environmental protection indicator. Researchers have not only devised ways to quantify this footprint
but also studied its impacts and how these impacts could be minimized and mitigated. Wu et al

(2021), characterized CF as part of the footprint related to emissions. The most quoted definition
according to POST (2011) is as follows:

‘CF stands for the amount of CO, and other greenhouse gases (GHGs), emitted

over the full life cycle of a process or product. It is expressed in mass of CO;
equivalent’

Apart from CO2, methane (CH.), nitrous oxide (N20) are mainly considered as GHGs for quantifying
this footprint and therefore, in literature this is also termed as GHG footprint. In relation to Figure 2,
the NoO emission component is incorporated in both CF and Nitrogen footprint. Also, land for CO»
sequestration is included in ecological footprint (see Figure 2 and for definition section 2.1.3)
(Vanham et al 2019). Greenhouse gases emission affect the earth's surface temperature but at the
same time play an important role in ocean acidification (Mongin et al 2016), as the ocean represents
one of the major sinks for CO,. The absorption of CO» in oceans leads to production of carbonatic
acid leading to acidification of oceans, which results in marine life disturbances. Therefore, CF is
considered as control variable for both climate change and ocean acidification.

CF is quantified using indicators such as the global warming potential (GWP100), that provide an
estimation of GHGs that contribute to climate change over a time horizon of 100 years (IPCC, 2009).

12
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Usually, a life cycle analysis (LCA) approach is used to estimate carbon footprint, however, now-a-
days there are several CF calculators available online or as a smartphone application (Valls-Val and
Bovea 2021). They usually collect information about individual lifestyles or companies’ operations
and try to estimate individual or company level CO- equivalent using various emission factors (e.g.
JRC European Reference Life Cycle Database, URL.: https://data.jrc.ec.europa.eu) (EC-JRC 2018).
Chapter 3 reviews such personalized CF calculators in more detail.

2.1.2 Water Footprint

Water Footprint (WF) is an indicator of direct or indirect consumption of water by citizens, businesses
or nations. Usually this is linked to the concept of virtual water (water hidden in the products, services
and processes people buy and use every day) and represents total amount of freshwater used and
polluted. Hoekstra et al (2011) further characterized WF as follows:
¢ Blue Water Footprint: Indicator of consumption of freshwater (surface or ground
water)
e Green Water Footprint: Indicator of consumption of rainwater which is stored within
the soil as soil moisture
o Grey Water Footprint: Indicator quantifies the amount of water required to dilute
pollutants to such an extent that it brings the water to its standard quality.

Literature indicated that WF is usually measured in terms of water volumes consumed (including
evaporation) and polluted per unit of time or per functions unit (m®water equivalent of deprived water)
(Galli 2012). There are various ways to reduce this footprint, e.g. better water conservation and
management, recycling water as much as possible, better use of green water (planting, use in
toiletries etc.), minimize grey WF and substitute the product with smaller WF.

2.1.3 Ecological Footprint

Wackernagel and Rees (1996) defined the Ecological Footprint (EF) as a measure of human
appropriation of natural resources, and is defined as the area of land (and water) that would be
required to sustain indefinitely a human population defined in terms of providing all energy and
material resources consumed and absorbing all waste discharged. EF is measured in bioproductive
land equivalent units, i.e. global hectares (gha) (Galli 2015). It is estimated that the total biologically
productive area available on the Earth is approximately 12 billion hectares, including cropland,
forests and fishing grounds but excluding deserts, glaciers, and open ocean (Galli 2012).

Possible ways to reduce the EF as described in the literature are e.g. Carbon offsetting, reduction in
energy and water consumption, improving energy efficiency and utilization of renewable energy
sources, use of sustainable transportation and reducing waste and recycling. Also, carbon capture
and storage measure are helpful in reducing the EF (Cuéek et al, 2015).

13
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2.1.4 Nitrogen and Phosphorus Footprints

Essential nutrients such as Nitrogen (N) and Phosphorus (P) are important for living beings on earth.
However, problems such as climate change, eutrophication, acidification and loss of biodiversity is
partly caused by abundant utilization of these nutrients (Liep et al., 2015). Current research on
nitrogen and phosphorus footprints is scarce and mainly focusing on efficient use of these nutrients
in agricultural sector (Wu et al 2021). Nitrogen footprint (NF) and measures the emissions of reactive
nitrogen and released into the environment due to human activities. NF mainly covers the N
emissions of Nitrogen oxide (NOXx), Nitrous Oxide (N2O), Nitrate (NOs ) and Ammonia (NHs), and
they can be rapidly interconverted from one N form to another. It is expressed in mass units of
reactive nitrogen (Leach et al 2012). The Phosphorus footprint (PF) measures both the use of P as
a resource and P losses to water bodies. It is expressed in mass units of phosphorus per functional
unit (Li et al 2019).

Literature suggested that, for example, the following measures could reduce nitrogen and
phosphorous footprints (Cuéek et al, 2015).

¢ Crop genetic engineering, more efficient fertilization, precision faming,

e Consuming less meat (especially beef)

e Improving waste water treatments

e Searching for new resource for phosphorus

2.1.5 Biodiversity Footprint

Human activities are destroying biological diversity (biodiversity) at an exponential rate and causing
changes in the global distribution of living organism. According to de Bie and van Dessel (2011),
biodiversity footprint (BF) is defined as ‘the measure that represent the summation of all the
pressures that have potential consequences for biodiversity’. No common unit of measurement of
BF exists as this footprint started to be studied relatively in recent times. Also, given that there are
multiple dimensions and complex interrelationships between a range of factors, researchers
suggested a range of units for a comprehensive picture of how human activities drives biodiversity
loss (Marques et al, 2017). BF is measured as a global area required to compensate for the mean
species abundance loss caused by direct land use and by fossil-based CO, emissions for the life
cycle of a product.

Measures that help reduce BF are e.g. opting for renewable energy and energy efficiency, reducing
the use of pesticides and fertilizers, more resource-efficient economy (European Commission, 2011),
protecting areas (both in land and in coastal waters) to conserve the native habitats and biodiversity,
conservation of particular species, restoration of terrestrial, inland water and marine ecosystems and
their services, and conserve biodiversity, combating invasive alien species and ensuring the
sustainable use of fisheries’ resources.

2.1.6 Land Footprint

According to Giljum et al (2013), land footprint (LF), also termed actual land demand, is related to
“land requirement and is defined as the summation of all the areas directly and indirectly required to

14



[Deliverable 1.5] — [Tools to analyze and evaluate carbon and environmental footprint]  I-CHANGE

satisfy the consumption”. Types of land include in measurement of this footprint are farmland,
pastures, fishing grounds, woodlands and construction land (Bosire et al., 2015). Because of data
restrictions, LF studies have often focused on the agricultural and forestry areas. Careful land-use
planning, reduce consumption of meat and other animal products and opt for renewable energy that
has low LF and, therefore, avoid the use of biofuel are some of the key measures to minimize this
footprint (Cugek et al, 2015).

2.1.7 Other Footprints
Particulate Matter Footprint:

The PM2s (Yang et al., 2018) and PMio (Moran et al., 2013) footprints measure particulate matter
pollution to the atmosphere. These are also included in the chemical footprint. Particulate matter
(PM), also known as particle pollution, is a complex mixture of extremely small particles and liquid
droplets that get into the air (US EPA, 2016). This complex mixture contains for instance dust, pollen,
soot, smoke, and liquid droplets. Many scientific researches have linked PM10 and PM2.5 exposure
to a variety of problems such as premature death in people with heart or lung disease and increased
respiratory symptoms (coughing or difficulty breathing) (Huang et al., 2019). Different components
of particulate matter (PM) can have either warming or cooling effects on the climate. For example,
black carbon, a particulate pollutant from combustion, contributes to the warming of the Earth, while
particulate sulfates cool the earth's atmosphere.

Ozone Footprint:

The emergence of the ozone hole is one of the serious consequences of human behavior on the
earth system. The ozone footprint (Meyer and Newman, 2020) proposed by Meyer and Newman
measures emission of gases controlled or due to be controlled under the Montreal Protocol in terms
of ozone depleting potential weighted kilograms. Meteorologists are also aware of the harmful effects
of nitrous oxide on the ozone layer (Perming, 2012), which is considered as a supplement to the
ozone footprint because it has been calculated in the nitrogen footprint.

Chemical Footprint:

The chemical footprint (Hitchcock et al., 2012; Sala and Goralczyk, 2013) accounts for all chemical
substances released into the environment which may ultimately lead to ecotoxicity and human
toxicity impacts. A list of chemical substances is exhaustive, including pesticides or heavy metals.

Material Footprint:

Material footprint is a consumption-based indicator of resource use. Itis defined as a global allocation
of used raw material extraction to the final demand of an economy (Wiedmann et al., 2013). The
material footprint does not record the actual physical movement of materials within and among
countries but, instead, enumerates the link between the beginning of a production chain (where raw
materials are extracted from the natural environment) and its end (where a product or service is
consumed). It opens a new perspective on global material supply chains and on the shared

15
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responsibility for the impacts of extraction, processing, and consumption of environmental resources
(Wiedmann et al., 2013).

Energy Footprint:

ENF is currently superficially defined. It is suggested that it stands for the specific energy usage per
functional unit when considering fossil-based and renewable based energy (Sobhani et al., 2012).
Measures such as advanced technology developments, reduction of energy consumption,
renewable energy production and consumption and using more sustainable transport can help
reduce energy footprint.

2.2 Impact Categories and Impact Category Indicators

An impact category combines different emissions into one effect on the environment. The impacts
on environment for a particular product are calculated using a life cycle assessment method. During
this assessment a range of emission data is collected such as emissions from energy production,
the waste produced, the raw material production etc. These emissions are different in their nature,
the assessment process try to unite these different emissions into actionable numbers, such as
different emissions that causes the same impact are converted into one unit that translates into one
impact category. The European Commission (EC) at the end of 2021 (European Commission, 2021)
released a new recommendation on the use of the Environmental Footprint methods to measure and
communicate the life cycle environmental performance of products and organizations. This new
recommendation is the final product of a process started by EC itself in 2013 (European Commission,
2013) to promote the use of common methods to measure and communicate the life cycle
environmental performance of products and organizations. The EC addressed its recommendation
to Member States and to private and public organizations that measure or intend to measure the life
cycle environmental performance of their product or of their organization, and/or communicate or
intend to communicate life cycle environmental performance information to any private, public and
civil society stakeholder in the EU. Environmental Footprint impact categories with respective impact
category indicators and characterization models are resumed by European Commission as reported
in Table 1. Impact categories are defined as under:

¢ Climate Change: this represents the increase in the average global temperatures as a result
of greenhouse gas (GHG) emissions. This is divided into three subcategories based on the
emission source: 1) fossil fuels combustion, 2) bio-based resources and 3) land use change.
Combustion of fossil fuels such as coal, oil and natural gas contribute the highest. This is
measured as global warming potential with units expressed in Kg of carbon dioxide
equivalent (Kg CO: eq).

e Ozone depletion potential: it is the potential for the reduction in the protective stratospheric
ozone layer that reduces the impact of hazardous ultraviolet radiation (UV-B). These
radiations may cause skin cancer in humans and also damages the plants. The ozone-
depleting substances are freons, chlorofluorocarbons, carbon tetrachloride, and methyl
chloroform. It is expressed as kilograms of CFC-11 equivalents (kg CFC-11 eq).
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e Particulate Matter: this represents the adverse effect on human health because of the
emissions of particulate matter (PM) and its gaseous precursors such as NOx and SO2. The
smaller particles are more harmful because of their tendency to go deep in lungs. This is
measured as the change in mortality due to PM emissions, expressed as disease incidence
per kg of PM emitted.

e lonising Radiation: this represents impacts on human health by exposure to radioactivity
(ionising radiation) under normal operating condition (no accidents in nuclear plants). The
potential impact on human health is converted to the equivalent of kilobequerels of Uranium
235 (kg U235 eq.)

e Photochemical ozone creation potential: it is also known as ground-level smog,
photochemical smog, or summer smog. Ozone is formed within the troposphere from a
variety of chemicals including NOx, CO, and other volatile organic compounds (VOCs) in the
presence of high temperatures and sunlight. It has negative impacts on human health and
the environment and is expressed as kg of non-methane volatile organic compounds (kg
NMVOC eq.).

o Eutrophication (terrestrial) potential: this leads to an increase in aquatic plant growth
attributable of nutrients left by over-fertilization of water and soil, such as nitrogen (N) and
phosphorus (P). Nutrient enrichment may cause fish death, declining water quality,
decreased biodiversity, and foul odors and tastes. The potential impact of a substance
contributing to terrestrial eutrophication is converted to the equivalent of moles of nitrogen
(mole N eq).

e Acidification potential: it is based on the potential of acidifying pollutants (SO2, NOx, HCI,
NHs, HF) to form H1 ions. It leads to damage to plants, animals, and structures. The most
significant sources of acidification are combustion processes in electricity, heating
production and transport. This is more hazardous when fuel contains high quantity of
sulphur. This is expressed as equivalent moles of hydron (catonic form of atomic hydrogen)
(mol H* eq).

o Eutrophication (freshwater) potential: the substances containing nitrogen (N) and
phosphorous (P) causes eutrophication in ecosystems. Nitrogen emissions into the aquatic
environment is largely due to agricultural activity, and most significant sources of
phosphorous emissions are sewage treatment plants for urban and industrial effluent. The
potential impact of substances contributing to freshwater eutrophication is converted to the
equivalent of kilograms of phosphorous (kg P eq.).

e Eutrophication (marine) potential: this represents the impact of nitrogen and phosphorous
on marine environment. The potential impact of marine eutrophication is converted to the

equivalent of kilograms of nitrogen (kg N eq.)

o Ecotoxicity (freshwater, marine, terrestrial) potential: this focuses on the emissions of
toxic substances into the air, water, and soil. It includes the fates, exposures, and effects of
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toxic substances. The unit of measurement is Comparative Toxic unit for ecosystems
(CUTe).

Human toxicity potential (non-Cancer): it deals with the effects of toxic substances on
human health. It enables relative comparisons between a larger number of chemicals that
may contribute negative human effects for the infinite time horizon. The unit of measurement
is Comparative Toxic Unit for humans (CUTh).

Human toxicity potential (Cancer): it deals with the effects of toxic substances on human
health. It enables relative comparisons between a larger number of chemicals that may
contribute to Cancer. The unit of measurement is Comparative Toxic Unit for humans
(CUTh).

Land use: this refers to the use of land for purposes such as agriculture, roads, housing,
mining etc. The impact of use of land for various purposes could be such loss of biodiversity,
species, the organic matter content of soil and soil itself. It is an indicator of soil quality (loss
of organic content of the soil) and is expressed in kg of carbon deficit (kg C deficit).

Water use: this refers to the use of water for human activity consumption. The potential
impact is expressed in cubic meters (m®) of water use related to the local scarcity of water.

Resource use (Mineral and metals): due to finite resources available on earth, this
indicator represents depletion of resources (minerals and metals) and their further lack for
future generations. The amount of materials contributing to resource depletion are converted
into equivalents of kilograms of antimony (kg Sb eq.)

Resource use (Fossils): due to finite resources on non-renewable fossils fuels (coal, olil
and gas) available on earth, this indicator represents depletion of resources and their further
non-availability for future generations. The amount of materials contributing to resource use,
fossils, are converted into MJ.

Table 1: European Commission’s Environmental Footprint impact category indicators (Source Fazio et al 2018)

EF impact Impact indicator Unit Characterisation model

category category

Climate change, | Global warming kg CO2 eq | Bern model - global warming

total? potential (GWP100) potentials (GWP) over a 100 year
time horizon (based on IPCC 2013)

Ozone depletion | Ozone depletion kg CFC-11 | EDIP model based on the ODPs of

potential (ODP) eq the World Meteorological

Organisation (WMO) over an infinite
time horizon (WMO 2014 +
integrations)

Human toxicity, Comparative toxic unit | CTUh based on USEtox2.1 model (Fantke

cancer for humans (CTUh) et al. 2017), adapted as in Saouter
et al., 2018

Human toxicity, Comparative toxic unit | CTUh based on USEtox2.1 model (Fantke

non- cancer for humans (CTUh) et al. 2017), adapted as in Saouter
et al., 2018
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Particulate Impact on human disease PM model (Fantke et al., 2016 in |
matter health incidence UNEP 2016)
lonising Human exposure kBq U235 Human health effect model as
radiation, human | efficiency relative to eq developed by Dreicer et al. 1995
health U235 (Frischknecht et al, 2000)
Photochemical Tropospheric ozone kg NMVOC | LOTOS-EUROS model (Van Zelm et
ozone formation, | concentration increase | eq al, 2008) as applied in ReCiPe 2008
human health
Acidification Accumulated mol H+ eq | Accumulated Exceedance (Seppala
exceedance (AE) Il et al. 2006, Posch et al, 2008)
Eutrophication, Accumulated mol N eq Accumulated Exceedance (Seppala
terrestrial exceedance (AE) Il et al. 2006, Posch et al, 2008)
Eutrophication, Fraction of nutrients kg P eq EUTREND model (Struijs et al,
freshwater reaching freshwater 2009) as applied in ReCiPe
end compartment (P)
Eutrophication, Fraction of nutrients kg N eq EUTREND model (Struijs et al,
marine reaching marine end 2009) as applied in ReCiPe
compartment (N)
Ecotoxicity, Comparative toxic unit | CTUe based on USEtox2.1 model (Fantke
freshwater for ecosystems (CTUe) et al. 2017), adapted as in Saouter
et al., 2018
Land usefl Soil quality index Dimensionl | Soil quality index based on LANCA
ess (pt) model (De Laurentiis et al. 2019)
and on the LANCA CF version 2.5
(Horn and Maier, 2018)
Water use User deprivation m3 water Available WAter REmaining
potential (deprivation- eq of (AWARE) model (Boulay et al.,
weighted water deprived 2018; UNEP 2016)
consumption) water
Resource use, Abiotic resource kg Sb eq van Oers et al., 2002 as in CML
minerals and depletion (ADP ultimate 2002 method, v.4.8
metals reserves)
Resource use, Abiotic resource MJ van Oers et al., 2002 as in CML
fossils depletion — fossil fuels 2002 method, v.4.8
(ADP-fossil) B!

2 The indicator Climate Change, total is constituted by three sub-indicators: Climate Change, fossil; Climate Change, biogenic; Climate
Change, land use and land use change.

I8 Refers to occupation and transformation

¥l This index is the result of the aggregation, performed by JRC, of 4 indicators (biotic production, erosion resistance, mechanical filtration,
and groundwater replenishment) provided by the LANCA model for assessing impacts due to land use as reported in De Laurentiis et al,
2019

Bl In the EF flow list, and for the current recommendation, Uranium is included in the list of energy carriers, and it is measured in MJ.

2.3  Environmental Impacts Calculation Method

Section 2.1 and 2.2 discussed several indicators based on which environmental impacts can be
guantified. The calculation of these impacts that are resulting from consumption pattern and more
generally, from people’s lifestyle is a growing topic in the scientific literature (Sala et al 2019a). Sala
et al. (2019b) reported two major methods for estimating the footprints of EU households and
governments, these are as follows:
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o the top-down method, which builds on Environmentally Extended InputOutput Tables
(EEIOTSs), essentially compiled from statistical data on monetary, environmental and
resource exchanges at a macro- (country-) scale;

o the bottom-up method, based on life cycle assessment (LCA) studies for specific
representative products which are then up-scaled to overall consumption figures through
several up-scaling techniques.

In relation to I-CHANGE project, where citizens are the key for LLs activities, the bottom-up approach
is more suitable which follows LCA method. LCA is defined by the ISO 14040 as the compilation and
evaluation of the inputs, outputs and the potential environmental impacts of a product system
throughout its life cycle (Crenna et al 2019). In essence, LCA approach includes not only the
emissions of the final combustion, but also all emissions of the supply chain (exploitation, transport
and processing steps); in this approach, the GHG emissions from the use of biomass/biofuels, as
well as emissions of certified green electricity, are higher than zero (Pandey et al 2011). Greenhouse
gases other than CO; (e.g., CH4) may play an important role, therefore, the LCA approach report
emissions as CO; equivalent. JRC European Reference Life Cycle Database provides emission
factors according to LCA approach. These factors are slightly higher than usual standard emission
factors reported in IPCC based documents (Koffi et al 2017). Based on the bottom-up approach, EC
has adopted a consumer footprint indicator that aims to assess the environmental impacts of
consumption (integrating the 16 impact indicators discussed in Section 2.2), considering an average
EU citizen. The EC consumer footprint calculator can be accessed Vvia
https://eplca.jrc.ec.europa.eu/ConsumerFootprint.html (Sala et al 2019a). Section 2.3.1 as an
example, provide an illustration of Carbon footprint calculation process followed in a recently
concluded EU H2020 project.

2.3.1 Carbon footprint calculation in ClairCity Horizon 2020 project

The ClairCity project (‘Citizen Led Air Pollution Reduction in the City’) was funded under the EU
Horizon 2020 programme, responding to the call ‘Improving the Air Quality and Reducing the Carbon
Footprint of European Cities’. It started in May 2016 and ran until May 2020 (www.claircity.eu). The
project (ClairCity, 2020a) ran across four cities and two regions in Europe, engaging the public on
issues of air pollution, carbon emissions, public health and wellbeing and the future of their cities
and regions. The project took a novel approach to understanding air pollution, carbon emissions,
and their impact on citizen health and wellbeing. Using a sociologically informed perspective, the
project aimed to shift the policy focus from technology and technological solutions to taking a closer
look at the problems caused by people’s daily practices, activities and behaviors. ClairCity used
innovative modelling and quantitative analysis to examine the role of people and society in creating
pollution. By better understanding these behaviors and processes, successful policy interventions
can be developed to meet local needs and enable societal change so that greener choices become
the social norm for everyone. Core to the project were a set of innovative tools that allowed city
residents to participate in understanding the problem, visioning the future and taking ownership of
the solutions to achieve results for their city.

The ClairCity Project puts citizens’ behaviours and views central in city air quality and carbon
policies. It addresses citizens’ daily activities in cities, and their impacts on carbon emissions, air
pollution and health. It also investigated what views citizens have on future air quality and carbon
policies in their city. In ClairCity, the views of citizens on future air quality and carbon policies in their
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city are investigated through an innovative suite of citizen engagement activities in six European
cities. As a result of the project, policy makers in each city receive a calibrated and quantified set of
preferred policies suggested by citizens. The project also identifies for each city separately the
behaviours that citizens would be willing to change in order to contribute to such policies.
Furthermore, overarching lessons from the six pilot cities for other cities aiming for citizen-inclusive
air quality and carbon policies are presented in a final report and conference. For carbon footprint
evaluation (ClairCity, 2020b), ClairCity select an approach, considering emissions that:

e physically occur within the city/region i.e. from sources located within the city boundary;

e occur from the use of electricity, steam, and/or heating/cooling supplied by grids which may
or may not cross city/region boundaries.

As the project is finalized to produce strategies for the cities the carbon footprint evaluation was been
conducted following an emission inventory approach similar to the approach followed in the
Covenant of Mayors (2010) and using both:

e “Standard” emission factors (emissions will be evaluated using methodologies and emission
factors from IPCC (2006) and specific activity level); the methodology cover all the CO-
emissions that occur due to energy consumption within the territory of the city/region, either
directly due to fuel combustion within the city/region or indirectly via fuel combustion
associated with electricity and heat/cold usage within their area; the standard emission
factors are based on the carbon content of each fuel, like in national greenhouse gas
inventories in the context of the UNFCCC and the Kyoto protocol; in the standard approach,
the CO; emissions from the sustainable use of biomass/biofuels, as well as emissions of
certified green electricity, are considered to be zero; emission are reported as

o CO: only emissions, the most important greenhouse gas,

o CO; equivalent emissions, including calculation of the emissions of CH4 and N.O with
emission factor from IPCC (2006) and reported as CO- equivalent using the Global
Warming Potential (GWP) with 100-year time horizon (IPCC, 1995):

* 1IMgCO2 =1MgCO2.¢q
» 1 Mg CHs =21 Mg COz.¢q
= 1 Mg N0 =310 Mg CO2.¢q;

o LCA (Life Cycle Assessment) emission factors, which take into consideration the overall life
cycle of the energy carrier; this approach includes not only the emissions of the final
combustion, but also all emissions of the supply chain; it includes emissions from exploitation,
transport and processing (e.g. refinery) steps in addition to the final combustion; this hence
includes also emissions that take place outside the location where the fuel is used; in this
approach, the emissions from the use of biomass/biofuels, as well as emissions of certified
green electricity, are higher than zero; other greenhouse gases than CO, may play an
important role, therefore the LCA approach will report emissions as CO- equivalent.

The Carbon Footprint tool calculates emissions detailed by fuels with:
Ex = Cjj Fi
where:

e Cjis the consumptions of fuel i in the territorial unit |

o Fy is the emission factor for different Carbon footprint indicators k for fuel i (expressed in
grams per unit of activity);

e ks the carbon footprint indicator used: CO2, COzeq, COxzeqca

In Table 2 the CO, fuel emission factors used are reported; as a default, for standard emission
factors, IPPC values are used, while, for LCA, emission factors given in Covenant of Mayors
guidelines, based on JRC European Reference Life Cycle Database, are used. In Table 3 electricity
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consumptions national emission factors are reported to use for CO; indirect emissions from electricity
consumptions (LCA EFs derived using the same ratio with standard ones as in JRC).

Table 2: CO2 emission factors for fuels

Fuel Standard Standard LCA Emission
Emission Emission Factors
Factors Factors (ELCD, 2015)
(IPPC, 2006) (IPPC, 2006) [Mg CO2-eq/MWh]
[Mg CO2/MWh] | [Mg CO2eg/MWNh]
Motor Gasoline 0.249 0.250 0.299
Gas oil, diesel 0.267 0.268 0.305
Residual Fuel Oil 0.279 0.279 0.310
Anthracite 0.354 0.356 0.393
Other Bituminous Coal 0.341 0.342 0.380
Sub-Bituminous Coal 0.346 0.348 0.385
Lignite 0.364 0.365 0.375
Natural Gas 0.202 0.202 0.237
LPG 0.227 0.227 0.281
Municipal Wastes (non- 0.330 0.337 0.330
biomass fraction)
Municipal Wastes (biomass 0 0.007 0.106
fraction)
Industrial Wastes 0.515 0.522 0.522
Wood’ 0-0.403 0.007 — 0.410 0.017 -0.416
Plant oil’ 0-0.287 0.001 —0.302 0.182 - 0.484
Biodiesel’ 0-0.255 0.001 - 0.256 0.156 — 0.411
Biogas/Greengas’ 0-0.197 0-0.197 0,087-0.284
Solar™ 0 0 0.04
Geothermal” 0 0 0,05
Hydroelectric™ 0 0 0,006
Wind™ 0 0 0,01

° Lower value if fuel meet carbon neutrality criteria, higher otherwise
“ Default EC/JRC Emission factors
“* Default EC/JRC Emission factors for local electricity production (Koffi et al.,2017)

Table 3: CO: Electricity National Emission Factors

Fuel Standard Standard LCA Emission
Emission Emission Factors
Factors Factors [Mg CO2-
[Mg CO2/MWh] [Mg eg/MWh]
CO2eqg/MWh]
Bristol (UK) 0,515 0,517 0,589
Amsterdam (NL) 0,429 0,430 0,486
Ljubljana (SL) 0,399 0,401 0,424
Sosnowiec (PL) 1,013 1,017 1,09
Genoa (IT) 0,343 0,344 0,424
Aveiro (PT) 0,314 0,316 0,368
Bristol (UK) 0,515 0,517 0,589
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2.4  Mapping I-CHANGE LLs and Environmental Impact indicators

I-CHANGE project focused on 8 living labs (LLs) centered on specific environmental and climate
change issues. Figure 3 presents LL locations and their focus areas. For this particular task, from all
LL representatives, a set of information was collected in the form of pre-defined questions. The
guestions are as follows:

¢ What were key data sets/variables collected during citizen science engagement activities in
the past that may be relevant to environmental footprints and impact indicators?

e What were the instruments/tools used in collecting data for the variables and indicators?

e What is the planning in terms of data collection for I-CHANGE living lab? Report key
variables and indicators?

e What would be sensing tool planned to be utilized within I-CHANGE project.
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|\

Figure 3: I-CAHNGE living labs and related environmental issues (source: I-CHANGE Proposal, 2021)

The above questions were designed to complete a mapping exercise between the type of data
collected in the past or planned (within the I-CHANGE project) with the information required to
calculate impact indicators and environmental footprint for each living lab. Additionally, if this
guantification is not possible with the information retrieved, then based on the planning, the mapping
exercise also recommends the type of indicators or footprints important to be considered for each
living lab, based on which they can achieve their goals and objective in a better manner. The
summary of information collected on the above questions are given in Table 4.

Table 4: Summary of type of data planned (within -CHANGE) or collected(before) and instrumentation in 8 LLs

Living Lab Focus issue Data: Plans/collected | Tools: Planned/Used
Extreme Rainfall, Potential | Rain sensors, radio
Amsterdam (Netherlands) events / | evapo(transpi)ration, | soundings, network of
air temperature, wind | 24 stations measuring
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Energy temperature and wind
consumption speed, crowdsourcing
smartphones
application, EC mast
with CO3 flux
Extreme Rainfall, temperature, | Catalonia region
Barcelona (Spain) events / water | wind weather stations _and
cycle other weather stations

(Meteoclimatic)

Bologna (Italy)

Pollution /
Transport/
Energy
consumption

Wind, temperature,
humidity, radiation,
rain, gaseous

pollutants (NOx, Os,
CO, SOy), particulate
matter

Low cost sensors (air
quality), Air pollution
instruments,
Meteorological
instrument

Pollution /

Weather data and soil

Low cost sensors (air

Dublin (Ireland) Water cycle moisture, air quali'gy quality), _ Telraam,
pollutants, traffic | weather stations
counts

Extreme Temperature, wind, | Low cost sensors (air

Genoa (Italy)

events/ water
cycle

Pressure, rainfall

quality and weather),
ACRONET stations,
MeteoTracker sensors

Pollution /

Air quality pollutants,

Low cost (air quality)

Transport temperature, sensor, travel surveys,
Individual travel | and smartphone
Hasselt (Belgium) behavior (trips, tours, | application HTB &
transport mode, | R2S
activity types etc.)
Extreme Temperature, wind, | Meteorological
events / | rainfall, humidity, | instruments, Low cost
Water cycle radiation, air quality | air quality sensors,
Jerusalem (Israel) pollutants, Commercial
Microwave links
(CML) for rain and
humidity
Energy/ Water quality | Low cost weather and
Waste indicators, waste | air quality sensors,
management | production and | flood management
recycling potential | app,

Ouagadougou (Burkina Faso)

measurement through
consumption
behaviour, air quality
metrics

Based on the information provided in Table 4, it is quite clear that most of the living labs will collect
data on weather, air quality and to some extent travel-activity of individual. Since the project is at
initial stage, it is still not entirely clear what other soft instruments would be used (e.g. information
collected via questionnaire about their general lifestyles and more importantly consumption behavior)
in activities that may involve citizen engagements. Therefore, at this point in time, the mapping
exercise between important footprints and impact indicators is mainly based on the available
information and issues that each LL is addressing. Additionally, it should be noted that the main
objective of citizen engagement activities is to influence pro-environmental behavior among citizens,
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therefore, the measures/indicators defined in previous sections can be used to quantify
environmental impacts of changes in behavior. Therefore, these measures/indicators are tools to
assess the effectiveness of citizen engagement activities. Table 5 presents a proposition for the
indicators and footprints that are potentially applicable in the I-CHANGE living labs. All living labs
will be involved in collecting weather data, and therefore able to address components of climate
change indicator. At the same time through engagement with citizen, living labs can gather data
through soft means about a particular lifestyle of citizens (e.g. energy consumption, food
consumption, water use, transport use etc.) to help calculate a component of changes in carbon
footprint via personalized carbon footprint calculators available online as open source. Furthermore,
more clarity in the data collection activities of LLs will further elaborate on what is presented in table
5, e.g. there might be a possibility to calculate other indicators such as climate change vulnerability
index (that evaluates a region exposure to climate-related natural disasters and sea-level rise)
reported in (Climate-ADAPT 2016).

Table 5: Proposal of Important Impact category indicator and Environmental footprint for I-CAHNGE LLs

Living Lab Impact Category Indicators Environmental Footprint
¢ Climate change (Global e Carbon footprint (Energy
warming potential) and water use component)
e Water use (water e Energy footprint
Amsterdam depletion because of e Water footprint (a
(Netherlands) evaporation) component of it based on
e Resource use (fossils) evaporation)
e Climate change (Global e Carbon footprint (water

warming potential) use)

Barcelona (Spain) e \Water use

Particulate matter e Carbon footprint (Energy,
e Climate Change water use, food, transport
(Global warming component)
potential) o Particulate matter footprint
Bologna (Italy) o Photqchemicallozone
creation potential
o Resource use (fossils):
through reduction in
motorized transport
¢ Climate Change e Carbon footprint (water
(Global warming use, transport)
potential) e Particulate matter footprint
o Particulate matter e Water footprint
Dublin (Ireland) e Water use

e Resource use (fossils):
through reduction in
motorized transport

e Climate change (Global e Carbon footprint (water
warming potential) use)

Genoa (ltaly) e Water use
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Hasselt (Belgium)

Climate change (Global
warming potential)
Resource use (fossils):
through reduction in
motorized transport
Particulate matter

Carbon footprint (transport,

energy, food, water use)
Particulate matter footprint

Jerusalem (Israel)

Climate change (Global
warming potential)
Water use

Particulate matter

Carbon footprint (Energy,
water use)
Particulate matter footprint

Ouagadougou (Burkina
Faso)

Climate change
Ecotoxicity
Water use

Carbon footprint (Water
use, Waste production)
Particulate matter footprint
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3 Personalized Footprint and Lifestyles Calculators- An
Analysis using MCDA

One of the objectives of task 1.3.2 based on which this deliverable is produced is to perform a
comprehensive analysis of micro scale (i.e. personalized or individual level) footprint and lifestyles
calculators exist as web-based questionnaires and smartphone applications. In chapter 2, it is
mentioned that carbon footprint (personalized) is more appropriate to ascertain behavioral change
through living labs citizen engagement activities, therefore, the main focus here is on such tools that
provide carbon footprint score. The methods and process of measuring footprint at microscopic level
(individual or household) are relatively simple as environmental impacts are uniform all around the
world for most humans, i.e. environmental impact caused by consumption of food, usage of heating
or cooling, effect on environment due to individual or household mobility etc. However, at the same
time, unavailability of full consensus among the scientists and academia about the parameters to be
chosen for inputs required to calculate carbon footprint have allowed footprint calculator service
providers to design their tools relative to their own understanding of climate change (Mulrow et al
2019). Because of this reason, sometimes a variety of assumptions being made to simplify the
calculations, which on one side provide ease to the user and service provider but on the other side
calculated results do not reflect the actual value of the footprint (Padget et al 2008). As a result, prior
studies have concluded that similar input assumptions can yield vastly different results depending
on which calculator is used (Gao et al 2014, Birnik 2013, Mulrow et al 2019, Dreijerink and Paradies
2020, Hoffmann et al 2022). Therefore, it is vital that the existing footprint and lifestyle calculators
should be reviewed in detail, and then the most appropriate ones based on a variety of different
factors can be recommended for the use in I-CHANGE living lab activities.

Carbon footprint is almost synonymous to the overall idea of footprint as it is easy to understand for
the general public and the wide range of day to day aspect of a regular anthropogenic activity it
covers (Birnik 2013). Carbon footprint is a measure that to some extent covers major environmental
issues, and brings the idea of universality in it compared to other footprint for example water,
acidification or ozone depletion footprints. i.e. the acidification footprint might be of high concern for
individuals from some geographical locations only as acidification is not a global issue and it cannot
be linked to global warming as well (Gao et al 2014). Similarly, the water footprint does not offer the
relatable sense of urgency and resultantly the sense of worry for the population of many countries,
particularly in global north, where the countries have still sizeable amount of untapped water
resources (Gao et al 2014). Along with that, unlike carbon footprint calculators, many footprint tools
require data that is not readily accessible by individuals (Mulrow et al 2019). Kim and Neff (2009)
advocated the need to communicate carbon footprint information in a way that promotes education
and action. They indicated that carbon footprint calculators have potential to contribute to both public
awareness and behavioral change (Dreijernik and Paradies 2020). Therefore, the main aim of this
chapter is to explore what is available in terms of carbon footprint or similar calculators and then
critically review them keeping in mind that they can be useful for citizen engagement. For this
purpose, a complete methodology is developed following the multi-criteria decision analysis (MCDA)
approach, which is explained in the sections below.
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3.1 Methodological Framework for Application of MCDA

3.1.1 Overview of MCDA

MCDA techniques are usually carried out to identify a single most preferred alternative or to rank
alternatives or to short-list a limited number of alternatives for more comprehensive analysis and
appraisal or to identify acceptable and unacceptable alternatives (Pearman et al 1989). For
application of multi-criteria analysis, usually a set of objectives are defined for a problem in hand and
different explicit criteria are identified that are measurable to assess the extent to which the
objectives are achieved (Mardani 2015). MCDA techniques commonly apply numerical analysis to
a performance matrix in two stages:

e Scoring/Ranking: the expected consequences of each alternative are assigned a numerical
score on a strength of preference scale for each alternative for each criterion. More preferred
alternative score higher on the scale, and less preferred alternatives score lower. In practice,
scales extending from O to 100 are often used, where O represents a real or hypothetical
least preferred alternative, and 100 is associated with a real or hypothetical most preferred
alternative. All alternative considered in the MCDA would then fall between 0 and 100.

¢ Weighting: numerical weights are assigned to define, for each criterion, the relative
valuations of a shift between the top and bottom of the chosen scale.

The common steps in multi-criteria analysis are as follows (Dodgson et al 2009):

e Establishing the decision context, that is defining aims for carrying out the analysis

¢ What are the alternatives/options?

¢ Defining objective and criteria that reflect the value associated with the characteristic of each
alternative

e Scoring/Ranking of each alternative for different criteria

e If useful, associate weights for each of the criteria based on their relative importance to the
decision

e Obtain the overall values by combining the scores and weights (usually an additive model is
used)

¢ Examine the results and perform sensitivity analysis if required.

3.1.2 Objectives and Criteria

There are attempts in the literature where Carbon Footprint (CF) calculators were reviewed. Birnik
(2013) created a set of 13 principles for evaluating carbon footprint calculators. These principles are
listed as follows:
e As a minimum requirement, the methodology for estimating emissions should include COx,
CHj and NOx.
e Calculator should base conversions to CO; equivalents on 100-yr GWP conversion factors.
o Estimations should be based on consumption-based footprints as the purpose is to determine
an individual’s climate impact.
e Calculator should allow adjustments based on income or consumption level instead of only
using national averages
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e Calculator should adjust relative distribution of consumption categories as a function of the
income level

e Calculator should adjust for the number of people living in a household

o Detail consideration of housing emission as input

e Calculator should consider emissions from furnishings, appliances, building material, repair
and maintenance of buildings.

o Detail consideration of food emission as input

¢ Detail consideration of transport emission as input

e Calculator should allow users to include radiative forcing of flights for estimating flight
emissions.

e Consideration of other consumption categories

e Use of country/region specific emission factors whenever possible.

The above principles are mainly related to guidelines regarding the calculation methodology, that
mainly dictates type of required inputs and their depth. The user engagement feature such as a
variety of outputs, look and feel, and education on results are completely ignored in the above
principles. Mulrow et al (2019) presented a comprehensive review of 31 online calculators, where
the majority of them are US based calculators. In their review of such calculators they have
considered input types and their details but at the same time also considered aspects of user
engagement and interactions. Based on key learnings from the existing review studies and also living
labs focus issues, the criteria considered for reviewing the footprint calculators are as follows:

¢ Explanation of calculation methodology (mainly first 7 principles from Birnik (2013))

o Types of inputs and their details

o Transportation use

Air Transportation
Home type and energy consumption
Water/wastewater
Food consumption
Consumption of Goods and Services

o Recycling behaviour
e Simplicity in asking data for various inputs (readily available to individual and balanced

between too detail and too simplistic information)

¢ Regional specificity and its global use
e Outputs explanation

o Advice for reduction

O O O O O

o Use of icons and symbols for explicit explanation (engagement and interaction)
o Offset buying option
o Results comparison with averages
o Category wise emission results and reduction tips
3.1.3 Initial Selection of alternatives, Rankings and Weights

Figure 4 illustrates the methodological framework for MCDA based analysis of personalized (i.e.
individual based) carbon footprint and lifestyle calculators. The first step is to select number of
alternatives based on which an optimum alternative need to be identified using the MCDA approach.
This initial selection of existing calculators either in the form of smartphone applications or web-
based questionnaire are based on the following criteria:
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1.

3.

Authenticity: there could be an organization (such as a governmental agency (UN, EU,
EPA(US) etc), non-profit/Charitable agency (WWF, IEEE, Carbon Fund etc), private agency
(such as Green Progress etc.)) owning an available calculator, this is checked through
various means such as going through the home page of the website, website domain name,
app introduction and other particulars (such as contact information) given for that particular
app). Calculators designed by individuals, or the contact information that indicate a private
e-mail address are excluded in the initial selection.

Popularity: This is checked through a variety of different metrics available such as web-page
visits, number of times the questionnaire has been filled by the individuals, number of times
the application is downloaded, calculators’ references are given in previous studies etc.
Also, we have taken care of such tools that are available in different languages, so, keywords
are used to reach the particular website, are translated into all major European languages
such as English, Italian, Spanish, German, Finnish, Swedish, Dutch, French, Norwegian,
Danish, Greek, Swiss, Slovak and Hungarian. Although our search also indicates that
majority of the authentic calculators are mostly available in English language along with the
language of the country where it is first developed. This has been done usually for widespread
use of a particular tool.

Personalized footprint/lifestyles
Calculators, (Smartphone apps/
Web-based questionnaires)

MCDA Approach

Authenticity Criteria: Calculation
Popularity methodology, Input categories

and their details, Regional and

global transferability, Simplicity of

information, User engagement
Shortlisted and interaction, Output styles

personalized
footprint/lifestyles
Calculators

Ranking/Scores Allocation: O -
5

Weights: 1-3

Optimized Personalized
footprint/lifestyles Calculators

Figure 4: Methodological Framework of Application of MCDA for identifying Optimized Personalized footprint/lifestyle

Calculator
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For each of the criteria discussed in Section 3.1.2, a rank/score is allocated according to the
characteristics of a particular calculator. Each of the criteria is provided a score/rank between 0 to 5
(Oindicate the lowest strength in meeting a particular criterion and 5 is the highest strength in meeting
the required minimum level of the criteria) (Aruldoss et al 2013). Table 6 provides the indication of
different criteria in more detail and rank/score allocation.

Table 6: Criteria and their ranks/score allocation

Criteria Category Criteria description Rank/Score
Methodology not explained/not accessible 0
General explanation is provided with no concrete | 1
details on important aspects
CO: equivalents on 100-yr GWP conversion factors | 2
CO; equivalents on 100-yr GWP conversion factors | 3
Calculation Basis and Income level adjustment
CO; equivalents on 100-yr GWP conversion factors, | 4
Income level and household size adjustment
CO; equivalents on 100-yr GWP conversion factors, | 5
Income level and household size adjustment, and
Estimation methodology include CO,, CH4 and NOX.
No information is asked and the calculator itself | O
assumes averages
Ask the mileage of personal vehicle per unit time 1
Ask the mileage of personal vehicle per unittime + | 2
Categorization of vehicle size
Input ~ Categories- Ask Fhe mileage of personal vehicle per unit time + | 3
Transport requires input about the exact type of car and year
of manufacturing
Ask the mileage of personal vehicle per unit time + | 4
car type + use of public transport
Ask the mileage of personal vehicle per unit time + | 5
car type + use of public transport + use of other
mode of transports (such as car sharing, Taxi etc.)
No input is asked 0
Only frequency is asked for air travel per year 1
Frequency is asked based on duration (i.e. long | 2
haul, medium haul or short haul flights)
Exact kilometres are asked based on origin and | 3
Input  Categories- | destinations of each air travel
Air Transport Frequency is asked based on duration (i.e. long | 4
haul, medium haul or short haul flights) + class of air
travel
Exact kilometres are asked based on origin and | 5
destinations of each air travel + class of air travel +
any other information about air travel
Input Categories — | No input is asked 0
Home type and | Home type (Apartment, attached, detached etc.), | 1
consumption and its area
Home type + Year or decade of construction or | 2

renovation status
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Home type + Year or decade of construction or
renovation status + Electricity/Gas/Fuel Oil/ Wood
usage in Kwh or monetary units

Home type + Year or decade of construction or
renovation status + Electricity/Gas/Fuel Oil / Wood
usage in Kwh or monetary units + nature of energy
used from the grid is it green or conventional

Home type + Year or decade of construction or
renovation status + Electricity/Gas/Fuel Oil / Wood
usage in Kwh or monetary units + nature of energy
used from the grid is it green or conventional + green
energy produced at home + any other information

Input Categories —
Food intake

No input is asked

An overall information is asked

Consumption about meat is asked

Consumption about meat is asked with specifics on
red and white meat

WIN | |O

Consumption about meat is asked with specifics on
red and white meat + Specific questions other food
products (such as bio-food consumption)

Consumption about meat is asked with specifics on
red and white meat + Specific questions other food
products (such as bio-food consumption) +
information about local/regional and imported food
items

Input Categories —
Consumption of
goods and services

No input is asked

Inputs about type of furniture in the house

=[O

Inputs about type of furniture in the house + type of
Electrical appliances

Inputs about type of furniture in the house + type of
Electrical appliances + type of clothes and shoes

Inputs about type of furniture in the house + type of
Electrical appliances and their usage + type of
clothes and shoes with their usage

Inputs about type of furniture in the house + type of
Electrical appliances and their usage + type of
clothes and shoes with their usage + Buying
/Consumption of Green and energy saving products

Input Categories —
Water/Wasterwater

No input is asked

Water consumption — shower frequency + toilet flush
frequency

O

Water consumption — exact use in m2 or liters

N

Water consumption + Degree to which water is
heated

Water consumption + Degree to which water is
heated + storage of rain-water and its use

Water consumption + Degree to which water is
heated + storage of rain water and its use + any
more information

Input Categories-
Recycling/solid
waste Behaviour

No input is asked

o

General input, whether the individual sort the waste
at household level

=

Each category of solid waste and their production
amount
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Each category of solid waste and their production
amount+ Sorting of each category of waste

Each category of solid waste and their production
amount+ Sorting of each category of waste + use of
long-term plastic bins or plastic shoppers that can be
dissolved

Each category of solid waste and their production
amount+ Sorting of each category of waste + Buying
recycled products (2" hand) for consumption

Questionnaire
design (Balance
between simplicity
and complexity)

Too simplistic questions (under 10 questions) or too
many details + details not readily available (more
than half hour needed to complete the
questionnaire)

Questions asked are 10 or information not readily
available

Questions asked around 15 + information not readily
available

Questions asked around 20 + extent of mixed
signals on readily available information

3-4

Information readily available + balanced number of
questions (around 25)

Regional-  Global
transferability

No such indication mentioned

Availability only in local language

Avalilability in local + English language

Availability in local + English language + calculations
only applicable to local area

WINF|O

Availability in local + English language + calculations
transferable to another region within national
boundaries

Availability in local + English language + calculations
transferable to another region within continental
boundaries and beyond

Output Styles

Only cumulative output
explanation

is provided with no

Output for CO, emissions are given for each input
category

Output for CO, emissions are given for each input
category + with comparisons to national averages

Output for CO, emissions are given for each input
category + with comparisons to national averages +
general advice is given for reduction

Output for CO, emissions are given for each input
category + with comparisons to national averages +
detailed advices are provided for reduction in each
category

Output for CO, emissions are given for each input
category + with comparisons to national averages +
detailed advice is provided for reduction in each
category + options are provided to buy carbon
offsets with details of the project where money would
be invested

User interactions /
engagements

No emphasis on general look & feel of the calculator

o

Use of nice colours for numbers/categories

Use of nice colours for numbers/categories +
Use of symbols /icons
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Professional info-graphics are used to display | 3
information
Professional info-graphics are used to display | 4
information + explanation provided at each stage
(e.g. inputs/outputs interpretation)

Professional info-graphics are used to display | 5
information + explanation provided at each stage
(e.g. inputs/outputs interpretation) + availability of
data

3.1.3.2 Weight details

This is a very critical step in the MCDA because slight changes in the weights may greatly affect the
outcome of the analysis (Aruldoss et al 2013). Given the objectives of the I-CHANGE project where
users (citizens) engagement and continuous interaction is a prime focus, it is obvious that
tools/methods used in the LL engagement activities should be such that they increase citizen
participation and at the same time are effective and appropriate enough to provide assessment of
behavioural change. Therefore, the weights attached to each major criterion listed in Table 6 are
settled in a manner that it provides the balance between task complexity and task carrying capacity
when citizens are using such calculator in the living lab environment. Table 7 presents the adopted
weights for carrying out MCDA.

Table 7: Criteria Category and their Weights

Criteria Category Weights
Calculation Basis

Input Categories- Transport

Input Categories- Air Transport

Input Categories — Home type and consumption

Input Categories — Food intake

Input Categories — Consumption of goods and services
Input Categories — Water/Wastewater

Input Categories- Recycling/solid waste Behaviour
Questionnaire (tool) design (Balance between simplicity and complexity)
Regional- Global transferability

Output Styles

User interactions / engagements

W RINWRIRPRRRIRR RN

There are in total 7 input categories as criteria categories, these are important to be considered and
details regarding these inputs make the calculator output more robust. The weights assigned to each
of the input category as unity in order to make it balance with other criteria. Questionnaire (tool)
design and user interactions/engagement criteria are given a higher weight because these are
important criteria that help promote citizens interaction with the tool and also their active participation.
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3.2 Results of MCDA

3.2.1 Shortlisted footprint/lifestyles Calculators — Initial Selection

This section presents the results of the analysis performed to identify a few best calculators that are
available online. The section first starts with the identified shortlisted alternative calculators that are
available as smartphone applications and web-based questionnaires. These are filtered from a large
variety of applications and web-based calculators on the basis of popularity and authenticity.

Smart phone with Android or iOS operating system offers downloadable application packages to
calculate carbon footprint at microscopic level. These applications vary in size, ranging from 15
megabytes to 100 megabytes or more. The majority of the applications were released in last 3-4
years, which indicate the growth in the popularity of carbon footprint calculators. These applications
are developed by government institutes, non-governmental organizations and also by the private
sector. Mostly private sector applications have dual purpose, so that people who are attracted to
their tools are offered other services such as carbon offsets. Table 8 presents the 12 short-listed
smartphone applications out of 33 applications found during our search.

Table 8: Smartphone based footprint Calculators

Number of
Release : Country of
Name Language times Developer .
date Origin
downloaded
Klima- Live Carbon English May 25, Climate Lab
neutral /German 2021 10000 + GmbH Germany
Earth Hero Climate : July 29, United
+
Change English 2019 10000 Erath Hero States
Cool the Globe English | 'cPruary 10000+ Cool the globe India
8, 2020
English April 16, Greenly &
Greenly /French 2020 10000+ Offsend France
Thailand green
English | October 8, gas .
CF Calculator IThai 2014 10000+ management Thailand
organization
Climate Compass by | English | April 4 Twigbit
P y g pri =, 10000+ Technologies Germany
world watchers /German 2019
GmbH
Carbon Footprint & . December The Capture .
Co English 29, 2019 10000+ Club Singapore
Carbon Donut: Act on English January Spark :
climate [Finnish 26, 2020 10000+ Sustainability AG Finland
Carbon Footprint , January DESKU ENVIS .
+
Calculator English 27, 2020 1000 team India
Eevie: your climate English April 18, .
+
guide IGerman 2018 10000 Eevie GmbH Germany
. December Almond Impact United
Almond_ English | 14 2019 5000+ Limited Kingdom
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English | November Skandinaviska
My Footprint SEB /Estonian | 30, 2021 5000+ Enskilda Banken Estonia

AB

Carbon footprint calculators can also be accessed via regular internet browsers. There are
numerous organization which offer their calculator online. There is no difference in their methodology
of calculation of footprint between mobile based application and web-based application. The
underlying calculations steps are essentially the same. However, the presence of calculators which
are owned by NGOs and public sector is more pronounced. For this deliverable 42 web-based
calculators (79 calculators were found initially) were analyses as itemized in Table 9.

Table 9: Web-based based footprint Calculators

Country

. . Language Organizati
Weblink (accessed April 10, 2022) Developer guag of 9
(s) - on type
Origin
Joint
https://eplca.jrc.ec.europa.eu/ConsumerFootprint.html Research .
Centre (JRC), English EU Government
EU
The Finnish Finnish Government
https://lifestyletest.sitra.fi/ Innovat_lon Solvak, Finland funded
Fund Sitra Enalish agency
9 (Sitra)
https://offset.climateneutralnow.org/footprintcalc Unlt.ed Engllish UN Government
Nations
English,
Hindi,
Global Spanish, Switzerla
. . French, nd and .
www.footprintnetwork.org Footprint . Think Tank
German, United
Network .
Italian, states
Chinese,
Portuguese
World wildlife United
https://footprint.wwf.org.uk fund United English . Non-Profit
Ki Kingdom
ingdom
Ergltl;cgggnnental United Government
https://www3.epa.gov/carbon-footprint-calculator/ Agency English States of | Organization
United States America
English,
German,
panish,
Chinese,
Carbon Italian, United Private
https://www.carbonfootprint.com/calculator.aspx Footprint Hungarian, .
. : Kingdom Company
Limited Polish,
Russian,
Lithuanian,
Czech,
Japanese
https://www.klimaatplein.com/gratis-co2-calculator/ KlimaatPlein Dutch Netherlan | Private
ds Consultants
https://carbonfund.org/take-action/individuals/ (C:)arbo_n Fl.md English United Non — Profit
rganization states
. . COTAP . United
https://cotap.org/carbon-footprint-calculator/ organization English States NGO
https://www.conservation.org/carbon-footprint- . .
calculator#/ Conservation English United NGO
International States
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3.2.2

Shortlisted footprint/lifestyles Calculators — Optimized alternatives

Smartphone applications and web-based questionnaires (in total around 54 alternatives) together
are analyzed to obtain their overall weighted score according to the MCDA approach defined in
section 3.1. Table 10 provides the list of first 6 alternatives with their scores. We selected the first 6
because the difference in the scores of the first 6 with the remaining is significant. The first two
alternatives are briefly explained as well together with their key characteristics. Surprisingly, all of
the 6 alternatives are web-based questionnaires (i.e. no smartphone app was qualify within first 6).
Additionally, for these first 6 alternatives, we have also calculated a personalized carbon footprint
score for an individual considering similar characteristics to see variation in the resulting carbon
footprint. The characteristics assumed for an individual are listed as follows:

The individual is male, and having an age between 40-50

Living in a detached household with 4 people (single family) in suburb area of Belgium that
have a heating source based on fuel oil. The size of the house is around 150 m?and it is built
between 1990-2000.

The house contains usual items such as refrigerator, washing machine, dryer, electric over,
TV, laptop, vacuum cleaner etc.

Per month energy consumption in kwh/month is not known, however, monthly expenditure
on energy is about 80 euros (this gives around 250-300 kwh/month) for ordinary type of
electricity. The individual uses low levels of water (i.e. shower times) and use around 40-60
m?3 of water in his household.

Driving mostly a diesel car with a mileage per year is 10000km.

Performing around 3-4 short-haul air travel per year

The individual sometimes (occasionally) use green products and eat meat 3 times per week,
also use dairy products 3 portions per week along with 5-6 cups of coffee/tea

The individual also recycles (sort) all waste at home that is collected via city services and
whenever possible buy second hand items.

Average assumption if a particular data is not available from the above listed points
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The highest score is around 75 and is obtained by the European calculator developed by the Finnish
Innovation fund SITRA. The majority of points that this calculator has obtained is because of the
clearer explanation of their calculation methodology (that include all 7 principles suggested by Birnik
2013), user engagement and balance details of information (by asking around 27 questions, for
which the data could be readily available to users) for all major input categories. The only major
drawback of this calculator is that it is only feasible for Finland and a few of inputs are entirely specific
to Finland citizen lifestyle. However, the inspiration can be made from the available methodology
and a similar calculator can be developed for other European countries. The next in line (second
best) is the calculator from World Wildlife Fund that obtain around 70 points. This calculator is
available in multiple languages, and also asks information from the user in a balanced way with
unique display of information to completely engage users. The other four calculators also possess
similar characteristics, but for a few input category criteria they are rather asking too simple
information or completely ignoring certain inputs. Based on the results, it could also be noted that
the popularity of the calculator does not correlate with the quality ranking of the calculator. The most
interesting thing noted while calculating carbon footprint is that there is a considerable variation
among the values calculated ranging from 7000 to 15000 kg CO; equivalents for an individual whose
input data is described above. Some variation in the output can be explained through the
characteristic of the calculator developed in a particular region (i.e. they are using region specific
emission factors) and also certain specific input that the calculator asked for which average values
are provided. However, even with these limitations the variation in carbon footprint is significantly
high. We also have broken down the results in terms of segment of categories to see where a higher
variation exists. It is noted that highest differences are among the household energy emissions
category. This is mainly because these emissions factors differ largely from region to region. It is
therefore, necessary that the calculators should be timely updated and provide clear evidence of the
source of the conversion factors used in the calculations. Similar findings were also reported in
previous studies where results are compared for different calculators (Mulrow et al 2019, Kenny and
Gray 2009). Special attention is also required to standardize the ways these calculators have been
designed especially in terms of asking information about certain inputs. In order to give an
appropriate picture to the users/citizens it is necessary that the results are consistent among the
existing calculators, therefore it is important that conversion factors used in the calculation are region
specific as much as possible and derived from the credible resources.

Table 10: Optimized footprint Calculators

No. | Footprint Calculator Developer Weighted | Carbon Footprint
Score
1 https://lifestyletest.sitra.fi/ The Finnish | 75 7100 kg CO: eq.
innovation Fund
SITRA
2 https://footprint.wwf.org.uk World wildlife fund | 70 12000 kg CO; eq.
United Kingdom
3 https://www.carbonfootprint.com/calculator.aspx LCt:é:\rbon Footprint | 7 10025 kg CO; eq.
4 www.footprintnetwork.org Global Footprint | 66 9800 kg CO: eq.
Network
5 https://www3.epa.gov/carbon-footprint- | Environmental 60 9672 kg CO: eq.
calculator/ protection
Agency, USA
6 https://www.conservation.org/carbon- Conservation 54 15570 kg CO: eq.
footprint-calculator International
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3.2.3 Consumer Footprint Calculator - EC Recommended

Apart from the above exercise, during the review of various footprint calculators, the calculator
developed by Joint Research Center (JRC) (which is also recommended by European Commission)
has also come across. The calculator seems very detailed and calculate consumer footprint, asking
several detailed questions on the quantity and type of food, travel, housing, clothing/shoes and paper
use (books/magazines) an individual consumes. However, the results are not provided in the form
of CO, equivalents but in the form of a scale that determines the environmental impact of
consumption style of the person. Additionally, it also provides environmental impact for 16 indicators
defined in section 2.2 separately and provide several tips to reduce the impacts. We also obtained
results of this footprint calculator for the same individual defined in Section 3.2.2, with some more
assumptions about type of food/clothing and paper consumption patterns. The results obtained as a
cumulative weighted score is 2.1, which needs to be interpreted as impacts against the planetary
boundaries. Figure 5 and Table 11 provide the results obtained from this calculator. Clearly the
results are not good for impact category indicator such as climate change, particulate matter,
freshwater ecotoxicity and resource use, which is attributable to eating habits, house appliances use
and heating of the house that depends on Fuel oil and generation of waste.

The environmental impact of the
considered individual consumption
are exceeding the safe operating
space for humanity by a factor 2.1.

Figure 5: Comparison of the considered individual overall score against the planetary boundaries

Table 11: Consumer footprint calculator results for the considered Individual

No. Impact Category Score

1 Climate Change

2 Ozone Depletion 0.2 (Safe operating space)
3 Human toxic- Non Cancer 0.1(Safe operating space)
4 Human toxic- Cancer 0.02 (Safe operating space)
5 Particulate Matter

6 lonizing Radiation 0.00 (Safe operating space)
7 Photochemical Ozone Formation 0.3 (Safe operating space)
8 Acidification 0.2 (Safe operating space)
9 Terrestrial Eutrophication 0.1 (Safe operating space)
10 Freshwater Eutrophication 0.2 (Safe operating space)
11 Marine Eutrophication 0.4 (Safe operating space)
12 Freshwater Ecotoxicity
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13 Land use 0.1 (Safe operating space)
14 Water Scarcity 0.05 (Safe operating space)

15 Resource use, fossil
16 Resource use, mineral and materials 0.9 (Safe operating space)

This tool seems quite powerful and can be considered alongside or together with Carbon footprint
calculator within citizen engagement activities of LL. More details about the tools that is built on the
notion of life cycle thinking approach and calculation methodology can be read from this URL:
https://knowsdgs.jrc.ec.europa.eu/cfc

The results of the MCDA approach provide a useful guideline for the use of Carbon footprint for
citizen engagement activities of the LLs in I-CHANGE. It is noted that there exists a high variation in
the results of optimized alternatives, which is mainly attributed to the used conversion factors and
ways in which the calculators are asking information. Nonetheless, they are the best examples where
calculators are given emphasis in relation to user interaction and engagement point of view and
development of the planned tools within the I-CHANGE project could be benefited from them. This
chapter therefore provides a useful support for task 4.4 (sub-task 4.4.1).
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4 Macro-scale models for the assessment of Behavioral
Change

As mentioned in the scope of this deliverable, this Chapter presents the details of the macro-scale
models and simulation platforms that help quantify impact of behavioral changes based on the
collective behavior of individuals in a particular region. For example, models and simulation platforms
that help predict changes in lifestyle of individuals given a particular scenario and therefore provide
estimation of resulting changes in emissions and air quality (i.e. pollutant concentrations). We
provide the discussion of these models in several domains and also discussed data requirements
and their alignments with I-CAHNGE living lab activities.

4.1  Personal Mobility: Model and Simulation Platform

There exists a wide variety of transportation models, which are categorized in various ways such as
demand vs supply models, aggregate vs disaggregate models, personal travel vs freight models and
macroscopic models vs microscopic models (Cascetta 2009). Without going into the details of the
different types of transport models, we focus on models that are relevant to I-CHANGE project, which
is mainly a model that can handle changes in personal mobility behaviour as a result of physical
interventions or policies e.g. more participation in in-home activities, use of more sustainable mode
of transport (such as bicycle, public transport, walk etc.), changes in the places, duration and start
times of activities etc. In that respect, within transportation modelling literature, models which are
developed within Activity-based modelling paradigm are more relevant (Adnan et al, 2017). The
section below highlights some key aspect of such a model and a simulation platform.

41.1 Activity-Based Model (ABM)

The emergence of activity-based models is based on the premise that the modelling framework
should answer emerging policy questions which are primarily based on the use of new modes of
transport (such as car sharing, carpooling, bicycle sharing, electric scooters, green buses/electric
cars etc.), implementation of low emission zones, congestion charging schemes, telecommuting,
flexible working hours, creation of transport hubs and restricted car use etc (Ben-Akiva and Bowman
1998). Therefore, the fundamental aim of an ABM is to determine, for all individuals, the sequence
of activities including its relevant components such as when, where and with whom they are
performed (Rasouli and Timmermans 2014). A typical ABM predicts the complete daily activity-travel
pattern of individuals. This activity-travel patterns is composed of activities and tours. For each
activity that is part of the tour, its dimensions such as type, start time, duration, and location
information is provided. The information about travel beteween the activities in a tour is also provided
such as travel time and travel mode. Hence, the ABM approach attempts to analyze travel demand
in a disaggregated fashion (Castiglione 2015). The integrity between various sub-models, the
interdependency between activity and its associated travel and the inclusion of a more detailed
timing within the ABM make it superior to the conventional trip-based approach of travel demand
modeling (Adnan and Passani 2017). Figure 6 shows the model components and process flow of a
typical ABM. Synthetic population with known socio-demographic characteristics is an input to the
system. Other inputs include network skims, land use characteristics, etc. More details on each
inputs and type of data can be found from Adnan et al (2018), and some details are listed below.
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Figure 6: Activity-based Model Framework with Required Modelling and simulation Inputs (Source: D4.1: iISCAPE

Project)

The household travel survey data: it contains information about individual and household
level socio-economic attributes (these characteristics are also part of synthetic population),
and also travel details of the individuals. Planning agencies and transport authorities conduct
this survey every four/five years in a particular region for a population sample (Adnan 2018).
The level of service information: It is used in estimating the choice of the travel mode, location
and time of day models. Urban transportation planning agencies usually maintain travel time
matrices (or skims) for a small number of pre-determined time windows, such as AM peak,
PM peak, and off-peak. This information can be generated after the calibration of volume-
delay functions (based on measurements from e.g., floating car data) and the assignment of
OD matrices to the network for a number of time periods. Those skims contain zone-to-zone
travel time, travel distance, travel cost (tolls if any) and public transit fares matrices (Adnan
2018).

Land use data: it is important for the modeling of destination choice of activities. A list of land
use parameters is attached to each TAZ. For example, the number of shops, number of
schools, number of workers, number of recreational places with their areas etc (Adnan 2018).
ABM model uses this data as input to predict outcomes for each member of the population.
Iterative Proportional Fitting (IPF) algorithms is normally used to create a synthetic
population, which require information about zonal marginals and sample of individual and
household characteristics. (Adnan 2018).
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Apart from the above input, a set of sub-models are estimated that predict different dimensions of a
person mobility patterns. For example; number of tours in a day, number of activities and their types
in a tour, tour transport mode, departure time or activity start time, activity duration. The predictions
from these sub-models support the creation of a complete activity-travel schedule of an individual as
an output of the model. This schedule is then executed within a traffic assignment model to predict
traffic on each link/road on the transport road network.

Task 3.1 in WP 3 of this project will further enrich this model by incorporating in-home activities
participation (such that it will then explicit consider in-home activity types and their duration within
the framework), and then develop and estimate this model for several I-CHANGE living lab cities
such as Bologna, Hasselt and Dublin. Additionally, the model will then be used to simulate various
policy scenarios and find out impact of such scenarios on individual overall activity-travel pattern.
The results of this model are taken as input to emission estimation and then pollution dispersion
model to estimate impacts of tested policies and scenarios on air quality.

4.2 Energy Consumption Models

Policy-makers rely on energy models to estimate the impact of policy and technology choices, to
control energy consumption, and to enhance energy efficiency levels (Doris et al 2009). The literature
classifies energy models by their analytical approach as top-down or bottom-up. Top-down models
use aggregated data to analyze synergies among sectors (e.g., energy sector versus demand
sector). While bottom-up models only focus on describing energy end-uses and technological
choices using disaggregated data (Herbst 2012, Abbasabadi, and Mehdi 2019, Prina et al 2020).

In relation to I-CHANGE where the focus is on citizens, and changing their consumption behaviour,
the bottom-up models are more suitable for analysis. These models are helpful to analyze a range
of policy instruments such as certificates, labels or audits to avoid suboptimal energy efficiency
investments, consumption and energy information given to consumers to promote energy
conservations, subsidies in term of direct payments or tax rebates are provided to motivate
expenditure on energy efficiency, energy taxes in terms of increasing the price of per unit of energy
consumption etc. (Prina et al 2020). The bottom-up models tend to provide a picture of energy
consumption, and therefore, help provide evidence on effectiveness of implemented policies.

There are many attributes based on which bottom-up models can be classified, these are as follows
(Van Beck 1999, Sanchez-Escobar et al 2021):

e Sector coverage (multi-sector or single sector), models related to household and residential
areas are single sector model.

e Geographical Coverage, this include global, regional, national, local and project type of
models. To this end, local based models are more relevant for our focus, as they are built for
a particular community.

e Time Horizon, this is characterized as short (less than 5 years), medium (5 to 15 years) and
long-term (more than 16 years) models. This is related to application of model for future
scenarios.

e End-use Energy modelling Technique, there are a variety of techniques based on which the
end-use energy models are based, for example, 1) using the engineering approach (where
thermodynamics and heat-transfer principles are used for calculation of energy
consumption), 2) use of data-driven approaches (where end-user features are corelated with
their energy use using statistical, machine learning or artificial intelligence models).
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o  Output metrics, this relates to the output metrics of the model, usually such models provide
cost and CO; emissions as energy efficiency indicators.

Review of literature indicated that a large variety of model exist with a different methodological
approach (Sanchez- Escobar et al 2021). For example, focus of a few models is optimization, where
a model is developed to calculate end-use energy in a manner that it optimizes energy investment
choices (e.g. amount of subsides/ tax rebate, or regulatory measures (codes and standards
regulations for products and services)) (Aghamohamadi and Amjady 2017). A few models are
developed with a purview of replicating a system operation (simulation), in the case of residential
sector, the simulation model try to simulate the loading curve (energy use vs time) based on variety
of activities of household members when they are at home and awake. To this end, time use surveys,
census information and distribution of a variety of electrical appliance and their general use for a
sample of population is collected to developed models for simulation purpose for every household
within a region (Tsuji et al 2004). There exist also studies that attempt to determine factors that
influence use of energy efficient appliances. Kleebrang et al. (2017) design a long-term model to
predict household electricity demand and energy-saving potential by appliance replacement in
Vientianne using regression and scenario analyses. Such model supports the implementation of
regulatory and financial type of policy instruments. Attempts also exist that support testing of
information and feedback type of policy instruments, for example, Meangbua et al. (2019) analyzed
the factors that influence energy requirements and CO; emissions of Thai households. They found
that education is the key factor that is positively correlated with households supporting the good
energy conservation methods. Similar results are obtained by another study where an increase in
education level causes decreasing use of electrical appliances (Lundgren and Schultzberg 2019).

4.3  Air Quality and Pollution Dispersion Models

According to recent studies, the impact of outdoor air pollution on human health is overwhelming
(e.g., Cohen et al., 2017; Burnett et al., 2014, 2018). The World Health Organization (WHO) pointed
out already in 2014 that 4.2. million deaths in the world are caused by air pollution (WHO, 2014). Air
guality monitoring is conventionally based on network of stations providing continuous observations
of the regulated pollutants (mainly nitrogen oxides, sulfur oxides, ozone, benzene, particulate matter
in form of PMio or PM_s, Polycyclic Aromatic Hydrocarbons and heavy metals). The monitoring by
such stations is subjected to the European legislation (Directive 2008/50/CE and 2004/107/CE)
establishing criteria for measurement uncertainty, time resolution for each pollutant, and
classification of the stations depending on the nearby predominant emission sources (traffic,
industrial and background stations).

In order to determine population exposure to air pollution at urban and intra-urban level, it is often
necessary to complement the information coming from monitoring network sites. Traditionally, this
is accomplished combining in situ observations with model simulations capable to represent with
some level of detail the different chemical and physical processes involving air pollutants, at different
regional and local scales. Besides enabling a more accurate mapping of air quality with respect to
what is attainable using solely monitoring stations, the use of model simulations also allows to
forecast pollutant concentrations. Air quality models simulate the atmospheric concentrations and
deposition fluxes of air pollutants by solving the mass conservation equations that represent the
emissions, transport, dispersion, transformations and removal of those air pollutants. The most
common types of air quality models are classified as Dispersion Models, Photochemical Model and
Receptor Model (EPA, US 2021).
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¢ Dispersion models use mathematical functions and formulations to specify physical process
that disperse a pollutant emitted by a particular source, these can be used to predict the
concentrations at selected receptor locations.

¢ Photochemical models are large scale models that simulates the changes of pollutant
concentrations in the atmosphere using mathematical functions that specify physical and
chemical processes. Current photochemical models uses three-dimensional Eulerian grid
modelling as it has a capability to fully specify physical processes in the atmosphere and
predict concentration for the full model domain.

o Receptor model are helpful in determining and quantifying sources of air pollutant at
receptor locations. They use chemical and physical characteristics of gases and particles
measured at source and receptor to identify and quantify contributions to receptor
concentrations.

Air gquality models can be applied to a variety of spatial and temporal scales. In general, for the
purpose of estimating the personal exposure to air pollution of individuals performing daily activities,
high spatial and temporal resolutions are needed. It is widely recognized that lifestyle and personal
choices including commuting behavior determine the level of exposure to air pollutants in urban
areas. Atmospheric dispersion models are generally used for the purpose of quantifying human
exposure to air pollution.

Atmospheric dispersion models combine meteorology, pollutant emissions, atmospheric chemistry,
transport of pollutants and deposition processes to predict pollutant concentrations at selected
downwind receptor locations and at high temporal resolution, typically hourly. Dispersion models can
be roughly divided into box models, Gaussian models, Lagrangian models, Eulerian models and
Computational Fluid Dynamics (CFD) models. Below we present a synthesis of the main
characteristics of these models:

e Box models treat the site as a box where air pollutants are emitted and undergo chemical
and physical processes. The inside of the box is not defined and concentrations are
considered as uniform inside the box. This model is characterized by the use of a simplified
meteorology which on the other hand enables the inclusion of detailed chemical reaction
schemes. However, the oversimplification of the meteorological scheme and the treatment
of uniform concentrations inside the box render difficult to simulate the impacts of local
changes in wind field and emissions.

e Gaussian models are based on a Gaussian distribution of the plume in the vertical and
horizontal directions under steady state conditions. The normal distribution of the plume is
modified at greater distances due to the effects of turbulent reflection from the surface of the
earth and at the boundary layer when the mixing height is low. One of the main disadvantages
of these models is the use of steady state approximations which make difficult the inclusion
of reactions occurring during the travel from the source to receptor. However, some of the
restrictions implicit in the Gaussian Plume models can be overcome by approximating the
emission as a series of puffs over time, which allows the wind speed to be varied. In this
approach each puff behaves according to the Gaussian dispersion equation and the overall
contribution of the source is calculated by integration of the individual puffs with respect to
time and summation of the contribution of individual puffs at the receptor position. Some
further limitations of the Gaussian treatment mean that Gaussian models are not designed
to model the dispersion under low wind conditions or at sites close to the source, i.e.
distances less than 100 m.
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e Lagrangian models are similar to box models since they define a region of air as a box
containing an initial concentration of pollutants. The Lagrangian model then follows the
trajectory of the box as it moves downwind. Lagrangian models incorporate changes in
concentration due to mean fluid velocity, turbulence of the wind components and molecular
diffusion. Because of these characteristics, Lagrangian models are suitable to work with both
homogeneous and stationary conditions over the flat terrain and for inhomogeneous and
unstable media condition for the complex terrain. In addition, such models can represent a
wealth of chemical processes. However, there are several disadvantages of Lagrangian
models, including computational cost, grid irregularity, and inconsistencies with driving
meteorological fields as a result of interpolation.

e FEulerian models solve the atmospheric transport equation in a fixed coordinate frame.
Pollution concentrations are calculated at each time step and each point in the grid. The
numerical solution of the transport term in the Eulerian framework becomes more difficult and
often requires substantial computational resources to be accurate enough compared to the
Lagrangian approach. Additionally, the numerical solutions may introduce artificial non-
linearities that limit the applicability of these models to source attribution procedures.

e CFD models provide complex analysis of fluid flow based on conservation of mass and
momentum by resolving the Navier—Stokes equation using finite difference and finite volume
methods in three dimensions. These models are particularly suitable to represent explicitly
small-scale turbulent processes impacting on pollutant dynamics, though due to their
complexity and computational costs they are often used at small spatial scales (street canyon
or neighborhood at maximum).

Previous studies have suggested that thanks to their reduced price and ease of use, the spread of
low-cost sensors can greatly contribute to augment the spatial and temporal resolution of
conventional air quality monitoring networks (e.g., Giordano et al., 2021). Such sensors are generally
characterized by various artifacts and biases, two characteristics which in principle can limit the
potential of utilizing such sensors for the purpose of quantifying human exposure. However, recent
studies indicate that the application of advanced atrtificial intelligence-based data assimilation
techniques to include observations from dense spatial networks of low-cost sensors into air quality
mapping from dispersion models results into lower biases and more realistic estimates of the human
exposure to air pollution (e.g., Gressent et al., 2020; Ahangar et al., 2019; Isakov et al., 2019).

4.4 Climate Models

There are several other macro scale models that are relevant to the -CHANGE project. However,
their direct application to assess the impacts of behavioral change are not that significant. For
example, weather forecast models, and models that can help predict extreme events which uses
mainly weather observations (surface and upper air) to produce short range, medium range and long
term weather forecasts. It has been reasoned in the literature that probability of extreme weather
events (such as wildfires, hurricanes, typhoons, flooding and heatwaves occurring) is raised due to
the anthropogenic factors (Williams 2020). The models available to date are kind of forecasting
models, they do not consider the type and involvement of human anthropogenic activities and
therefore could not readily describe what would be the impact of behavioral change on occurrence
of such extreme weather forecast.

In contrast to weather forecast models, climate models use laws of physics, fluid motion and
chemistry by dividing the earth into smaller grids and calculate winds, heat transfer, radiation, relative
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humidity and surface hydrology within each grid and evaluate interactions with neighboring points.
Grid cell size defines the resolution of the model: the smaller the size of the grid cells, the higher the
level of detail in the model. These models also include element of time, which is called time step,
that could be in minutes, hours, days or years. These models are tested using a hind-casting
process, that enables the model to simulate the climatic condition from present time backwards into
the past. The results are then validated based on observed data, and if the model’s results are
inaccurate, adjustments are then made to the equations. The calibrated model is then used for future
scenarios (NOAA Climate.gov 2022). There exist various variants of the climate models, results of
some standard scenarios (i.e. Representative concentration pathways (RCPs)) show a range of
projections, and yearly values of temperature and precipitations differ among the models, however,
the trend and magnitude of change has been found consistent. The standard RCP scenarios provide
more detailed and better standardized greenhouse gas concentration inputs as possible future
conditions keeping in view of the continuing human activities (Van Vurren et al 2011; Kinney 2018).
CORDEX (Co-ordinated Regional Downscaling Experiment) and CMIP (Coupled Model Inter-
Comparison Project) provides the standard experimental protocol for studying the output of coupled
atmosphere-ocean general circulation models (Di Sante et al 2021). This facilitates assessment of
strengths and weaknesses of climate models so that further developments in the right directions are
made. Based on the climate model ensemble results, Risser and Whener (2017) showed that
human-induced climate change likely increased the chances of observed precipitation
accumulations during Hurricane Harvey (Hurricane Harvey was classified as Category 4 storm that
made landfall on the coast of Texas on 26 August 2017) in the most affected areas of Houston city.
In relation to I-CHANGE project, a large number of ensemble climate simulations (e.g. EURO-
CORDEX; CMIP6) at the highest available resolution will be utilized as part of task 3.3 of WP3, this
provide information on climate projections in selected cities, considering a range of scenarios in
connection with representative concentration pathways (RCPs) and shared socio-economic
pathways (SSPs) (IPCC 2021). The newly proposed SSPs (these are improvement over
representative concentration pathways (RCPs)) offer five pathways that offer a broader view of a
“business as usual” world without future climate policy, with global warming in 2100 ranging from a
low of 3.1C to a high of 5.1C above pre-industrial levels. The results will be utilized to motivate and
consolidate the engagement of citizens in the LLs activities, and to raise their awareness into the
impacts of climate change.

4.5 Integrated Modelling Frameworks

The models described in section 4.1, 4.2, 4.3 can be combined with each other to develop an
integrated modelling frameworks that help translate the impacts of policy instruments from one
domain to another domain. The integration of transport model with emission estimation and
dispersion model can help determine the impact of transport policies on air quality (Hilsmann et al
2014, Gong et al 2021, Adnan et al 2021). Additionally, in the above integration, exposure and health
risk estimation models are also integrated then the effect of transport policies can be translated in
terms of heath indicators such as mortality rate etc. Another integration could be the combination of
the Activity-based model with residential sector end-use energy models as the activity-based model
can provide the complete itinerary of an individual activities in-home and outside out of home
activities that can be a potential input to energy consumption simulation model (Uddin et al 2021,
Wang et al 2021). Additionally, that consumption model can then be linked with emission models as
well. In relation to I-CHANGE project, such integration of different models will be carried out in WP
3, where task 3.1, 3.2 and 3.3 are designed in such a manner that outputs from the first task will
serve as input to other tasks. The models used in these tasks will be Activity-based model, traffic
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model, emissions inventory and estimation model and dispersion model that makes the complete
chain of simulation results (i.e. not just in personal mobility but transferring the changes in mobility
pattern into air quality results). The prime argument for this integrated modelling framework is that
the traditional exposure analysis techniques in the environmental literature assume that considers
population as static, however, pollutant concentration is different with respect to time-of-day and
space. The use of activity-based models within (microsimulation framework) can provide individual’'s
geographic location (involvement in a particular activity) at a particular time-of-day, and therefore,
the population as a whole is considered as dynamic. This approach provides a more appropriate
measure of exposure to air pollutants. This type of integrated modelling framework is illustrated in
Figure 8.
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Figure 7: Integrated Travel behaviour and air quality modelling framework (Source: Adnan and Passani 2017)

49



[Deliverable 1.5] — [Tools to analyze and evaluate carbon and environmental footprint]  I-CHANGE

5 Conclusions and Recommendations

This chapter concludes the discussion presented in three key chapters (i.e. chapter 2, 3 and 4) of
this deliverable. The conclusions are made in such manner that it provides a framework for
recommending a set of guidelines that are required to be conducted in other work packages of I-
CHANGE project based on this deliverable inter-relationship shown in Figure 1.

5.1 Key objectives of the task 1.3.2 and information presented in this
deliverable

As mentioned in Chapter 1, section 1.1 where the scope of this deliverable is discussed at length,
the key objective of this deliverable is to assess the existing methods and tools to ascertain impact
of behavioral change at micro and macro scale levels. At micro scale level the key focus was on
personalized footprint calculators that can be suitable for use in I-CHANGE living lab. At macro level,
it is required to assess different models and methodologies that can provide impact of policies (aimed
at changing citizen behavior) for different aspects of climate change.

5.1.1 Environmental Footprint/Impact Category Indicators and I-CHANGE Living
Labs

Given above, this deliverable first discussed different footprint types (defined under the umbrella of
environmental footprint) and also alternative indicators that are defined in the literature as impact
category indictors along with their unit of measurements. Also, we collected information on what kind
of data and tools were used in the past along with types of citizen engagement activities and also
what is the planned and foreseen in the 8 I-CHANGE living labs in terms of tools, data and activities.
Based on the collected information a proposition is presented in terms of ideal indicators and
footprints that will be useful for the living labs. The information provided in this chapter is useful for
living lab partners in knowing different types of indicators and give them the opportunity to setup a
data collection exercise for quantifying those indicators that can help ascertaining impacts of
behavioral change. For example, a particular living lab that have focus on sustainable transport,
could collect a transport usage data of citizens engaged in living lab activities in the initial phase of
their engagement, and once the awareness campaigns are finished, the similar data can again be
collected, to see differences in terms of their Carbon footprint from the initial phase. This not only
provides the impacts of behavioral change of citizens in transport usage but also reflect on
effectiveness of campaigns. The discussion in this Chapter is useful for task 2.2 and task 2.4 of WP
2. Task 2.2 (sub-task 2.2.2) where LLs partners are required to co-design activities using the
available tools and sensors and in task 2.4 where these sensors tools are co-developed and co-
tested. The idea about footprints/ impact category indicators would certainly help such co-design,
co-creation and co-testing of activities in relation to collect useful data from the citizens that may
help to raise awareness on certain environmental issue and also help to influence change in
behavior.
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5.1.2 Personalized Carbon Footprint Calculators- Suitable for -CHANGE Living
Labs

In Chapter 3 of this deliverable, we presented a comprehensive analysis of footprint calculators using
the MCDA approach. All the tools/methods in the form of smartphone applications and web-based
guestionnaire platform were first screened on the basis of their popularity and authenticity. Out of 54
shortlisted footprint calculators, 6 optimum footprint/lifestyles calculators are identified on the basis
of several criteria using rank and weights type of methodology following the principles of MCDA.
Additionally, those 6 footprint/lifestyles calculators are further investigated on their output by
providing data of an assumed individual lifestyle or consumption behavior. It was found that
variations in the results exist, mainly attributable to the difference in the assumptions of emission
factors used in the estimation and mainly due to the geographical coverage of a particular calculator
and interpretation of input in various ways especially input related to home energy consumption.
Apart from this, the chapter also provided an overview of Consumer footprint (recommended by EC)
that calculate impacts of individual consumption behavior on environment in the form of 16 impact
categories.

Based on the content of this Chapter, the information provides a strong support to task 4.4 (4.4.1) of
WP 4, where the idea is to develop such an application that help estimate carbon and environmental
footprint of an individual. The selection of 6 optimum calculators are then a useful support to this
task, and the partners may require visiting the functionality of these tools to produce an application
which is in line with those calculators, however, the calculation methodology and emission factors
need to be used in relation to I-CHANGE living lab regions. Additionally, the footprint/lifestyles
calculators presented here can also be useful for task 2.2 and 2.4 as some of the activities could be
co-design, co-created and co-tested using these available calculators.

5.1.3 Macro-scale models for assessing behavior change

Chapter 4 presented some macro-scale modelling methodologies for a few I-CHANGE domains such
as transportation, energy consumption, air quality and climate models. These models are such that
can directly provide the impact of policies on lifestyle behavioral change that could be translated in
terms of impact on environment, climate and health. Additionally, these models can be coupled
together in an integrated framework, so that outputs from one can become the input for another
model. In this way different domains can be inter-linked with each other to provide a complete picture
on impacts of one domain policies on others as well. For example, impact of transport policies not
just on transport system but also on the air quality and health.

Within WP 3, task 3.1 and task 3.3 can be benefited from the discussion on these models as such
models will be further enriched within these tasks and developed for large-scale regions such as
Bologna, Hasselt and Dublin with the help of existing open-source data and also with the data
collected during the living lab experiments (such as to carry out model estimation and validation).
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7 Abbreviation List

ADP Abiotic resource depletion potential

AWARE Available WAter Remaining model

BF Biodiversity footprint

CF Carbon Footprint

CFC Chlorofluorocarbons

CFD Computaional Fluid Dynamics

CML Procedure used to estimate the measure of environmental impact that is

caused by the product

CMIP Coupled Model Inter-Comparison Project

CHa4 Methane (Chemical Formula)

CO; Carbon dioxide

CO Carbon monoxide

CORDEX Co-ordinated Regional Downscaling Experiment
CUTe Comparative Toxic unit for ecosystems

CUTh Comparative Toxic Unit for humans

EC European Commission

EDIP Environmental Design of Industrial Products
EEIOTs Environmentally Extended InputOutput Tables
EF Ecological Footprint

EU European Union

EUTREND The atmospheric fate model for EU

GHG Green house gas

GWP Global Warming Potential
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IPCC Intergovernmental Panel on Climate Change
IPF Iterative Proportional Fitting

JRC Joint Research Commission (EU organization)
Kg CO:z eq Kilo gram of carbon dioxide equivalent

kg NMVOC eq Kilo gram of non-methane volatile organic compounds
kg U235 eq Kilo gram of U235 equivalents

kg P eq equivalent of kilograms of phosphorous

kg N eq equivalent of kilograms of nitrogen

kg C deficit kg of carbon deficit

kg Sb eq kilograms of antimony

kwh Kilo watt hour

LCA Life Cycle Assessment

LF Land use Footprint

LL Living Labs

LOTOS-EUROS

Open Source Chemical Transport Model that is used for a wide range of
applications supporting scientific research, regulatory programmes and air
guality forecasts.

LANCA Land use indicator value Calculation
MCDA Mulit criteria Decision Analysis

MJ Mega Joules (energy unit)

mole N eq equivalent of moles of nitrogen

mol H* eq catonic form of atomic hydrogen
N0 Nitrous Oxide (Chemical Formula)

N Nitrogen

NF Nitrogen footprint

NOXx Nitrogen Oxide

NOs Nitrate

NH3 Ammonia

NGOs Non governmental organizations
NOAA National Oceanic and Atmospheric Administration
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ODP Ozone Depletion Potential
oD Origin-Destination matrices
P Phosphorous
PF Phosphorous footprint
PMio Particulate matter (aerodynamic diameter smaller than 10 micro meter)
PM2s Particulate matter (aerodynamic diameter smaller than 2.5 micro meter)
RCP Representative concentration pathways
SSPs shared socio-economic pathways
SDG Sustainable Development Goals
TAZ Traffic Analysis Zones
WF Water Footprint
WP Work Package
WMO World Meteorological Organisation
WWF World Wide Fund for Nature
UNEP United Nations Environment Programme
UNFCCC United Nations Framework Convention on Climate Change
USEtox Scientific consensus model for characterizing human toxicological and
ecotoxicological impacts of chemical emissions in LCA
uv-B Ultraviolet radiations (wavelength 280 to 320 neno meter)
vOC Volatile organic compounds
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