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Abstract

In the last few years, ESG concerns, short for environmental, social and governance con-
cerns, have been booming, raising the interest of investors, organisations and individuals
worldwide. Responsible investments have skyrocketed, with the ESG market capitalisa-
tion reaching more than 30 trillion dollars. Considering the impossibility to ignore this
megatrend as well as the unprecedented demand for assets with superior ESG perfor-
mance, institutional investors rely more and more on ESG ratings to assess their invest-
ment allocation decisions. Nevertheless, it is still truly difficult to evaluate the portion of a
company’s value creation attributable to sustainable initiatives, and ESG rating agencies
often disagree. Some argue that ESG is not value relevant from an investor standpoint,
mainly due to the fact that the lack of standardisation on ESG disclosure involves serious
data gaps, inconsistencies and comparability issues. What raters decide to measure, how
they measure it, and the materiality they recognise, usually generate confusion, resulting
in neither accurate nor transparent evaluations. Since the corporate ethic and reputation
is fundamental in determining its shareholders and stakeholders base, there is a strong
need to provide a comprehensive assessment which could shed light on the true corporate
sustainability conduct, overcoming the divergences.
From here, the study develops a procedure to evaluate in the most objective, transparent
and clear way, the corporate long-term performance. By relying on the Global Reporting
Initiative Standards, it identifies the company’s key performance indicators in a long-term
horizon, concerning each of the three ESG pillars, and weights their impact mainly exploit-
ing the United Nations 17 Sustainable Development Goals and specific literature. The
proposed model progressively constructs the ESG rating, valuing organisational strengths
and weaknesses and considering voluntary data gaps. Precisely, to generate a score which
is the most accurate and transparent as possible, it penalises this non assessable informa-
tion and tries to get round the issue with data prediction.
The study concludes with benchmarking the obtained rating and the evaluations of two
emerging agencies, Refinitiv and Sustainalytics.

Keywords: ESG, rating ESG, GRI, Sustainable Development Goals, KPI, sustainability
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Abstract in lingua italiana

Negli ultimi anni, le tematiche ESG – acronimo inglese per sostenibilità ambientale, so-
ciale e di governance aziendale – stanno subendo una continua e notevole espansione,
suscitando l’interesse di investitori, società e individui in tutto il mondo. La rivoluzione
sostenibile sta cambiando i prodotti di investimento e la capitalizzazione del mercato ESG
ha raggiunto più di 30 trilioni di dollari. L’impossibilità di ignorare questa crescita senza
precedenti ha spinto gli investitori ad affidarsi in misura sempre maggiore ai rating ESG
nell’allocazione strategica delle risorse. Ciò nonostante, è ancora difficile valutare quanto
un modello di business sia responsabile e le agenzie di rating sono spesso in disaccordo.
La mancanza di standardizzazione nella rendicontazione dei dati sostenibili è causa di
numerose lacune e divergenze, che ostacolano l’elaborazione di un valore di sintesi circa le
potenzialità di un investimento sostenibile. Di contro, l’eterogeneità delle metriche anal-
izzate, le numerose modalità di misurazione e la diversa significatività riconosciuta agli
indicatori, inibiscono valutazioni trasparenti, accurate e confrontabili. É necessario porre
le aziende sotto una comune lente ESG per fornire una valutazione globale che, in un
contesto concorrenziale, aiuti stakeholder e shareholder a orientarsi verso gli investimenti
più responsabili.
In questo contesto si inserisce il progetto di tesi. Lo studio sviluppa un algoritmo per
valutare nella maniera più obiettiva, precisa e trasparente possibile, la performance azien-
dale di lungo periodo. Sfruttando i Global Reporting Initiative Standards, identifica
gli indicatori strategici di performance aziendale per ognuno dei tre pillar, ambientale,
sociale e di governance, e pesa il loro contributo avvalendosi dei 17 Obiettivi per lo
Sviluppo Sostenibile delle Nazioni Unite, e della letteratura specifica a riguardo. At-
traverso un’analisi progressiva, elabora un giudizio sistematico, valutando gli indicatori di
performance disponibili e considerando i dati omessi nella rendicontazione. Penalizzando
le informazioni mancanti non valutabili e servendosi dell’analisi predittiva, ottiene uno
score esaustivo e bilanciato.
Lo studio termina esaminando le divergenze tra il rating elaborato e le valutazioni di due
agenzie emergenti, Refinitiv e Sustainalytics.



Parole chiave: ESG, rating ESG, GRI, Obiettivi per lo Sviluppo Sostenibile, KPI,
sostenibilità
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Introduction

Today's worldwide crises are the results of climate change issues, environmental impover-

ishment, resources exploitation, healthcare emergency, corporate governance frauds, social

inequalities and discriminations, which are shaping changes in people habits and mind-

sets.

The bankruptcy of Purdue Pharma in 2019 is one of the most dramatic episodes. The

pharmaceutical giant was censured for its aggressive marketing campaign, representing a

misleading promotion of its opioid painkiller OxyContin. To face pressures of competi-

tion, the company maximised its pro�t at the expense of human health, representing an

underestimation of the drug addiction. In this way, Purdue Pharma became the corpo-

rate face of the opioid American crisis, which have caused more than 500,000 deaths. The

case of Purdue Pharma inevitably shows how ethical marketing is crucial for building a

strong company's reputation, as it is able to develop, include, communicate and represent

a business's image, re�ecting its ESG attitude and responsibility[1]. The Deepwater Hori-

zon oil spill (2010), the Facebook data privacy scandal (2018) and the Enron Corporation

accounting fraud (2001) are other noteworthy examples highlighting how businesses are

vulnerable to environmental, social and governance risks, since these shape their image

and reputation between shareholders and stakeholders too[2].

Since global challenges continue to a�ect companies' exposure to these issues and their

ability to manage them, businesses started to adapt their missions statements accordingly.

Corporate managers realised that costs arising from these dangerous scandals could be

reduced with corporate social responsibility, combining their �rst goal of maximising the

pro�t, with environmental, social and governance needs, shortly ESG needs. In an at-

tempt to reduce the above discussed real issues in the long-term, sustainability is not

seen as a pure �nancial return: addressing ESG concerns has become a critical part of

the business strategy to limit the company's impact on the natural ecosystem, take care

of workforce and customers in compliance with human and labour rights, and ensure the

transparency and honesty of management practices.

As such, more and more people tend to purchase products from companies which share

their own values, whether paying attention to human well-being, environmental preserva-
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tion, diversity and inclusions.

Accordingly, at the start of 2020, surveys estimate 30 trillion dollars in ESG assets, up

to a 15% increase over the previous two years, reaching about 36% of total assets under

management. To stand out from the crowd from the investor perspective, responsible

investing is becoming a very thematic trend which is involving in particular the �nancial

industry. When selecting allocation strategies, investors are increasingly considering re-

sponsible initiatives. In this way, the �nancial channel has inevitably an enormous power

in terms of in�uencing and shaping companies behaviours towards the health and safety

of societies and the environment.

Since the valuation of the ESG corporate performance can in�uence �nancial decisions,

with far-reaching impacts on corporate policies, customer preferences and asset prices,

there is a call for an increasingly transparency on businesses sustainable investment prac-

tices. More and more investors rely on ESG ratings to obtain a third-party analysis of

�rms' green quality. This has led to the birth of ESG rating agencies, including the emerg-

ing KLD, Sustainalytics, Moody's ESG (previously Vigeo-Eiris), S&P Global (previously

RobecoSAM), Re�nitiv (previously Asset4), and MSCI.

However, the lack of regulation and standardisation on ESG disclosures generates uneven,

poor and often unreliable data collection. As a consequence, not every company reports

on ESG issues, and those that attempt are not consistent, questioning the chance to gain

a full snapshot of a company's sustainable operations. Kotsantonis, S.et al. investigate

a sample of 50 companies from Fortune 5001 list, collecting information about the social

issue Employee Health and Safety. They �nd out roughly 25 di�erent metrics de�ning

the same concern, including the number of accidents with fatal consequence, the rate of

injury per 200,000 hours worked, the lost-time incident frequency rate, the injury rate

and many others[3]. Data measured di�erently make measurement inconsistency, and

subjective reporting make benchmarking very hard at the evaluation phase. On top to

these, rating agencies' scores disagree between other's substantially.

Aiming to develop solutions to tackle the issues arising from ESG rating results compa-

rably, the Aggregate Confusion project by MIT Sloan Sustainability Initiative addresses

the di�culty in acquiring high-quality data on sustainable exposures, �guring out a 0.61

correlation between the aforementioned leading ESG rating agencies, against the 0.99

correlation between Moody's and Standard & Poor's credit ratings2. This discrepancy

undermines the rating �rst goal of valuing the company's ESG performance, discourag-

ing improvements in sustainable attitudes and distorting the results of corporate social

1The Fortune 500 is an annual list by Fortune magazine which ranks the 500 largest American com-
panies by total revenue for their respective �scal years.

2Moody and Standard & Poor's are two of the three most important worldwide rating agencies which
rate the creditworthiness of countries and private companies.
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responsibility on asset prices.

In general, even if the players are multiple, ESG scores group several metrics in a single

value, by aggregating a measurement and a weight component. The framework typically

combines di�erent key performance indicators to form the rater-speci�c metrics. To �nd

out what drives these mismatches, the Aggregate Confusion project analyses the six ESG

rating agencies and discovers that the confusion arises from a multifaceted three-tiered

divergence. Scope divergenceemerges when ratings depend on di�erent sets of metrics.

The project �nds out several narrow categories not covered by all raters, including Forests,

Electromagnetic Fields and Animal Welfare.

Measurement divergenceemerges when ratings measure the same metric exploiting dif-

ferent key performance indicators. The project gets discrepancies even in the core ESG

concerns like Water and Energy. By computing the correlations per raters pair, it discov-

ers the correlation of these two categories to be on average 0.36 and 0.38, respectively. In

some other cases, the value found is even negative, showing a complete disagreement.

Finally, weights divergenceemerges when ratings recognise di�erent signi�cance to the

same metric. Via a least squares regression, the project estimates the weights that raters

have given to the common metrics. It discovers that also the principal metric weights do

not overlap and highlights signi�cant discrepancies between the agencies[4].

Since the approaches used by ESG data providers are inconsistent, investors' decision

for portfolio constructions could be altered if the ESG implications are based on rating

assessments. Li, F.et al. compare Facebook environmental ratings assessed by two dis-

tinct data vendors. They do not value the same metrics, and, when metrics are similar,

they assign di�erent weights and evaluate them di�erently. As a result, a provider rates

Facebook as a top �rm, while, according to the other, it is below average[5]. Moreover,

it is also very di�cult to understand the precise methodology rating agencies embrace

in their measurement. Even if material key issues are usually disclosed, the information

about the rating method is very poor, making it more challenging to understand how the

vendor assesses ESG issues and compare distinct results.

All these emerging trends suggest a key challenge in quantifying how a �rm performs

with respect to ESG criteria, putting all under acommon ESG len. As summarised in the

words of Professor Roberto Rigobon3, there are needs to create a new universal guidance

for giving a chance to businesses, consumers, governments and investors to integrate ESG

data into their decisions.

Trying to solve and overcome these divergences, we assess a �rm's ESG performance

by providing an objective and transparent snapshot of its impacts on the economy, the

3Roberto Rigobon is a Venezuelan economist. He is the Society of Sloan Fellows Professor of Man-
agement and the Professor of Applied Economics at the MIT Sloan School of Management.
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environment and the society. In shaping our measuring set-up, we rely on the latest

2021 version of the Global Reporting Initiative Standards (GRIs). The Global Reporting

Initiative is a standard-setting organisation which promotes sustainability reporting by

de�ning a comprehensive guidance which provides a view of a company's material issues,

their impacts and management. In this way, we generate a common alphabet of disclo-

sure.

We analyse one by one the GRI Topic Standards which are structured into economic (GRI

200), environmental (GRI 300) and social (GRI 400) series, and we split the analysis into

the three environmental, social and governance pillars, �nding pillars-speci�c metrics, or

key factors, that account for di�erent main topics. Then we group the GRI Standards,

identi�ed in the Key Performance Indicators (KPIs), in a way that each group describes

a key factor, by integrating GRIs listing with widely acknowledged norms, developed by

the United Nations (UN), the International Labor Organization4, and the Organization

for Economic Co-operation and Development5. Precisely, we mainly refer to the UN 2030

Agenda for the Sustainable Development, which collects a set of 17 new targets, called

Sustainable Development Goals (SDGs), driving the world's prosperity reducing hunger

and poverty, promoting peaceful, just and inclusive societies, supporting partnership and

collaboration and safeguarding the environment. We also rely on the Paris Agreement

on Climate Change6, the Ten Principles of the United Nations Global Compact7, the

4The International Labour Organization (ILO) is a UN agency aiming to promote social and economic
justice, developing programs and policies in favour of decent work for all women and men, and de�ning
labour standards which take the form of international conventions and recommendations.

5The Organization for Economic Co-operation and Development (OECD) is an intergovernmental
group with 38 members established to promote global commerce and economic growth. It o�ers a unique
forum and knowledge hub for data and analysis, exchange of experiences, sharing of best practices, and
guidance on governmental policies and the development of international standards.
The OECD's 38 members are: Austria, Australia, Belgium, Canada, Chile, Colombia, Costa Rica, Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy,
Japan, Korea, Latvia, Lithuania, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, Poland,
Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the
United States. OECD welcomed Costa Rica as new member in 2021.

6The Paris Agreement is the twenty-�rst global climate summit � the so-called Conference of the
Parties � organized by the UN to face the environmental threat. As �rst legally binding international
agreement on climate change, it marked a breakthrough in the global answer.
The United Nations Climate Change Conferences, known as Conferences of the Parties (COPs), were
established in 1992 during Rio Earth Summit. Rio Earth Summit is the United Nations Conference
on Environment and Development (UNCED), known as Earth Summit, focusing on ever-increasing eco-
nomical, social and environmental di�culties toward a global sustainable development. The Conference
adopted various documents and agreements as guidelines for member states including the Rio Declaration
on Environment and Development, Agenda 21, Forest Principles, the Convention on Biological Diversity
(CBD) and the United Nations Framework Convention on Climate Change (UNFCCC).
COPs are annual meetings on climate change issues held by UNFCCC signatory states.

7The United Nations Global Compact is a United Nations non-binding pact that encourages businesses
to adopt sustainable and socially responsible policies and report on their implementation, stating ten
principles for businesses to be followed.
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OECD Guidelines for Multinational Enterprises8, the United Nations Guiding Princi-

ples on Business and Human Rights9, the Fundamental Conventions of the International

Labour Organization10 and the OECD Principles of Corporate Governance11. Matching

all KPIs with a common set of acknowledged metrics, the approach resolves scope and

measurement divergences. In this way, data are organised into a common blueprint.

At this stage, we develop a scoring process based on a weighted sum of several key factors,

whose weights are framed into the 11 industrial sectors of the Global Industry Classi�ca-

tion Standard12. The paradigm uses weights to measure each key factor's impact on the

overall score, relying on a complex research based on SDGs, speci�c literature and ESG

news sources.

We construct the ESG rating as afair and relative comparison with the ongoing industrial

scenario, exploiting a bottom-up approach which ends up combining the relative evalua-

tions for each of the three pillars.

Finally, an accurate and transparent approach deals with the issue of voluntary data gaps.

In fact, a company may decide not to disclose some data either to hide non-good sustain-

ability actions, or simply to cut costs. The method considers data holes via a penalty

algorithm and then tries to �ll the gaps with predictive models.

In the end, the algorithm is applied to a manually collected set of 222 Italian listed com-

panies in the FTSE All Share index. The results are �nally discussed and, when data are

available, they are compared with Re�nitiv and Sustainalytics ratings.

8The OECD Guidelines for Multinational Enterprises are recommendations on responsible business
conduct issued by governments to multinational corporations operating in or from the countries that
have signed on. The Guidelines establish non-binding principles and standards for corporate social
responsibility.

9The United Nations Guiding Principles on Business and Human Rights (UNGPs) is a set of thirty-
one principles for states and companies dealing with human rights prevention in business scenarios, also
addressing their violations.

10The Fundamental Conventions of the International Labour Organization are a set of conventions and
treaties aiming to ensure that work is accessible, productive, and sustainable, in conditions of freedom,
equity, security and dignity.

11The OECD Principles for Corporate Governance are a set of standards for evaluating and improving
the corporate governance.

12The Global Industry Classi�cation Standard (GICS) is the industrial taxonomy developed by MSCI
and S&P Global.
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Structure of the thesis

The thesis is organised in 5 chapters:

1. ESG pillars presents the alphabet of disclosure, organised into the environmental,

social and governance pillars. These are broken out into several key factors, and

these, in turn, are broken out into a set of GRIs.

2. Constructing the rating is the core chapter of the thesis which presents the

full rating methodology. It examines one by one all GRIs, distinguishing between

considered and overlooked GRIs.

3. Weights presents the weights recognised to each key factor concerning the environ-

mental, social and governance pillars, resulting in a very broad research.

4. Data prediction presents the predictive models used to �ll data gaps.

5. Computing the rating discusses the obtained results and compares them with

the ratings of Re�nitiv and Sustainalytics.
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In the following we present the three Environmental, Social and Governance pillars and we

discuss the related emerging risks and opportunities. We examine in detail each key fac-

tor, listing the corresponding Global Reporting Initiative Standards, or Key Performance

Indicators, indicating whether they imply a quantitative or a qualitative disclosure.

Concerning the environmental pillar, we mark with a star the KPIs placed in two distinct

key factors.

1.1. Environmental pillar and key factors

We are into the midst of an unparalleled environmental crisis: natural balance has been

disrupted by climate change over the years endangering planet survival. Around the

world, storms, �oods, wild�res, droughts and �oods are boosting, extreme weather is

damaging buildings and livelihoods, air pollution is compromising people's health. Cli-

mate emergency is destroying the biodiversity threatening the extinction of animal and

plant species. Extreme heat is a serious danger both for humans and wildlife: the ther-

mometer in Alaska reached its highest peak in July 2019 killing a wide variety of salmons,

warmer waters are causing coral reef bleaching and stronger storms, the Arctic is warm-

ing quickly in�uencing weather all across the world and jeopardizing its ecosystems. To

face this critical scenario, the UN organizes the Conference of the Parties (COPs) since

decades. The Paris Agreement (COP21) in 2015 aimed to limit temperature rises to well

below 2°C, preferably to 1.5°C. Since greenhouse gas emissions are the primary source of

global warming, cutting them is the guiding pathway to �ght it and to meet the lofty goal

of accomplishing net zero emissions by the middle of the century. It is not only about gas

release, saving forests from deforestation could help in speeding-up the neutralisation of

carbon dioxide (CO2) in the atmosphere.

Climate action is much more than that. Industry owns a wide range of possibilities and

control on SDGs towards a greener and better future for all. It is becoming more and more

crucial investing in green technologies to embrace innovative solutions which minimise the

impact on the environment. Renewable energy is one of the most powerful long-term per-
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spective measure that today's concerns necessitate, especially because the overall demand

for energy services is expected to increase by an order of magnitude by 2050[6]. Recycling

is the part one to set up a circular economy which reduces the exploitation of materials,

recaptures waste and minimises water, air and soil contamination. As a result, there is

a great need of developing e�cient sustainable techniques for extracting, processing and

using raw materials, which are the backbone of the economy. It is not just an issue of

misusing, the ever-growing demand for natural resources is generating serious everlasting

environmental problems such as water stress, soil degradation and damages to ecosys-

tem functions. Spikes in agricultural commodity prices, over-�shing, falls in healthcare,

hygiene, food and energy security are just few consequences.

In the sections below we structure our environmental analysis into six key environmental

factors with the corresponding key performance indicators. We highlight the main topics

we focus on, by relying on the seventh, eighth and ninth principles of the UN Global

Compact, the Guidelines for Multinational Enterprises and the Sustainable Development

Goals. The willed reality develops an eco-friendly sensibility (SDG 11), promoting an

industrial system which provides clean energy (SDG 7) and responsible production (SDG

12) with the ever-growing adoption of environmentally sound technologies (SDG 9). Fol-

lowing this direction businesses become a powerful force for achieving SDGs supporting

climate action (SDG 13) without threatening life on Earth and below water (SDG 15 and

14), stimulating growth, health and well-being (SDG 3) while respecting the environment

(SDG 6).

The six selected criteria at the wheel of the environmental sustainability are: Greenhouse

Gas (GHG), Ozone-Depleting Substances (ODS) and other signi�cant emissions, water,

land use and biodiversity, raw materials sourcing, waste and pollution, clean-tech and

renewables.
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1.1.1. Greenhouse Gas (GHG), Ozone-Depleting Substances

(ODS) and other signi�cant emissions

This factor represents the level of gaseous byproducts of industry processes released into

the atmosphere.

Greenhouse gases (GHG) trap a signi�cant amount of solar radiation into the atmosphere

resulting the major cause of the greenhouse e�ect. GRI standards address the accounting

and reporting of the seven greenhouse gases highlighted by the Kyoto Protocol1: carbon

dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydro�uorocarbons (HFCs), �uoro-

carbons (PFCs), sulfur hexa�uoride (SF6) and nitrogen tri�uoride (NF 3).

Ozone-depleting substances (ODS) are very powerful greenhouse gases which generate the

depletion of the atmosphere protective ozone layer. This is one of mankind's major envi-

ronmental problem since ozone is a good natural greenhouse gas produced by some algae,

which absorbs most of the ultraviolet radiation allowing survival on the land surface. This

scenario is life-threatening: ultraviolet rays could cause skin cancer and DNA mutations

in humans as well as put in danger the wildlife. The Montreal protocol is an international

treaty signed in 1987 to phase out the production of most of these substances: the ozone

layer is expected to recover by the middle of the century instead of increasing tenfold

compared to the current levels.

Finally, we analyse also the impact of other signi�cant air pollutants such as nitrogen

oxides (NOx) and sulfur oxides (SOx) harmful for living beings, environment, climate and

materials. These gases are the main cause for acid rain: precipitation releases them on

the land damaging plants and agriculture, corroding materials and acidifying water.

1The Kyoto Protocol is an international environmental treaty on global warming adopted during the
United Nations third Conference of the Parties (COP3) on 11 December 1997 which came into e�ect only
on 16 February 2005.
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Key factor GRI Key Performance Indicator Category Unit measure

305-1

305-2

305-3

305-4

305-5*

305-6

305-7

Direct (Scope 1) GHG emissions

Energy indirect (Scope 2) GHG emis-

sions

Other indirect (Scope 3) GHG emissions

GHG emissions intensity

Reduction of GHG emissions

Emissions of ozone-depleting substances

(ODS)

Nitrogen oxides (NOx ), sulfur oxides

(SOx ), and other signi�cant air emissions

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

[tCO2eq]

[tCO2eq]

[tCO2eq]

[.]2

[tCO2eq]

[tCFC-11eq]

[t]

Table 1.1: GHG, ODS and other signi�cant emissions KPIs.

1.1.2. Water

Water is such an important resource both for life and well-being that it is recognised by

the United Nations as a human right. It is one of the most signi�cant issues of our time

that requires intentional care.

Water stress is becoming a serious problem more and more: billions of people lack proper

access to clean water[7] and the situation is predicted to worsen because of the detrimental

e�ects of global warming and population expansion: according to the United Nations, by

2050 world's population is expected to reach 9.4 billion people.

Moreover, water quality is being challenged by rising water temperatures, pollution and

contamination. That is the case of Nigeria, Africa's largest economy: the Niger river delta

is an oil-rich region in the southern part of the country, where multinational oil �rms such

as Shell, Exxon Mobil, Chevron Texaco, Total, and Eni, have damaged environment,

society, and economy. Crude oil escaping from ancient pipelines that run for hundreds

of kilometers into the land is the source of contamination. There were almost 7000 oil

spill occurrences between 1976 and 2001, the degradation of the natural environment has

pushed the residents of the region into poverty[8].

Among all Sustainable Development Goals, the sixth "Clean water and sanitation" stresses

the need of ensuring long-term availability and management both of water and healthcare.

Over the past �fty years, according to WWF's Living Planet Index3 fresh water popula-

2The computation of the GHG emissions intensity involves dividing the absolute GHG emissions by
the organisation-speci�c metric, including units of product, production volume, size, number of full-time
employees, and monetary units. Accordingly, 305-4 relies on several units measure, thus we overlook it.

3The Living Planet Index (LPI) reports world's biodiversity health status by monitoring population's
changes relying on time series of population size, density or abundance.



1| ESG pillars 11

tions have dropped by 83% and around 30% of its ecosystems have been destroyed; as a

consequence millions of people can no longer feed on sweet water �shes[9].

Emphasis and delicacy laid on water supply and management make it a material topic.

Key factor GRI Key Performance Indicator Category Unit measure

303-1

303-2

303-3

303-4

303-5

Water interaction with water as a shared

source

Management of water discharge-related

impacts

Water withdrawal

Water discharge

Water consumption

Qualitative

Qualitative

Quantitative

Quantitative

Quantitative

[�

[�

[Ml] 4

[Ml]

[Ml]

Table 1.2: Water KPIs.

1.1.3. Land use and biodiversity

Covering any living being, biodiversity refers to the variety of living forms that exist on

the planet including plants, animals, microorganisms and fungi; it is simply the richness

of life on the Earth. From the tropical rainforests to the savannas, from the marshes to

the deserts, Earth's ecosystems are the results of 3.5 billion years of evolution. Many

aspects of human life such as basic and daily necessities � like food, medicine and fuel �

climate regulation, raw materials sourcing and �ber supply � like cotton and wool � rely

on biodiversity. Healthy ecosystems provide us with essential services that we take too

much for granted: plants absorb the majority of carbon dioxide emissions, living organ-

isms play a signi�cant role in the water cycle, pollinators like birds, bees and other insects

account for a third of global crop production.

Nevertheless, ecosystems are attacked from all sides. Climate change is feeding natural

disasters which are getting worse and worse putting the extinction of at least one million

of plant and animal species around the world. The growth in human population over

the last century has resulted in fast environmental changes and catastrophic biodiver-

sity losses around the globe with destruction of habitats, exploitation of resources and

pollution. Increased agricultural land usage in nearly 70% of countries, excessive water

extraction, rising demand for vegetable oils and irresponsible deforestation all contribute

to biodiversity losses. As a result of the increase in agriculture, infrastructure and in-

dustrial development, the remaining terrestrial and aquatic biodiversity is restricted to

scattered areas[10]. The impact on biodiversity is expected to grow in coming years.

4Ml stands for megaliters.



12 1| ESG pillars

Back in 1992 during the Rio Earth Summit, leaders from 150 nations signed the Conven-

tion on Biological Diversity aiming to pledge biological diversity. However, this attempt

has failed for nearly three decades. In 2020, relying on the Living Planet Index, WWF

painted a frightening picture of the world's biodiversity ruled by an overall trend of loss:

amphibians, birds, �shes, mammals and reptiles dropped by an average of 68% between

1970 and 2016[11]. In this scareful scenario, GRI standards encourage the companies

to adopt biodiversity-friendly preventative and restoration measures and to rely on the

safeguard of the species which are included in the IUCN5 Red List6.

Key factor GRI Key Performance Indicator Category Unit measure

304-1

304-2

304-3

304-4

Operational sites owned, leased, man-

aged in, or adjacent to, protected areas

and area of high biodiversity value out-

side protected areas

Signi�cant impacts of activities, prod-

ucts and services on biodiversity

Habitats protected or restored

IUCN Red List species and national con-

servation list species with habitats in ar-

eas a�ected by operations

Qualitative

Qualitative

Quantitative

Quantitative

[�

[�

[km2]

[#]

Table 1.3: Land use and biodiversity KPIs.

1.1.4. Raw materials sourcing

Raw materials are unprocessed primary commodities at the heart of the production of

other goods through appropriate manufacturing and industrial processes.

The rapid human population expansion, the rising levels of economic activity, and the shift

to more environmentally friendly technologies are all leading to an exponential increase

in resources demand and exploitation. Since the beginning of the 21st century, global

material �ows have recorded major acceleration: it took o� in 2002 not as a one-time

occurrence, but has persisted[12].

Numerous entities such as the European Commission and the Canadian government, have

assessed the warning for raw material sources which is linked with supply risk.

5The International Union for Conservation of Nature (IUCN) (formally International Union for Conser-
vation of Nature and Natural Resources) is an international organisation promoting nature conservation
and sustainable use of natural resources. It focuses on data gathering and analysis, research, �eld projects,
advocacy, and education.

6The International Union for Conservation of Nature's Red List of Threatened Species (IUCN Red
List) is the widest information database on animal, fungi and plant species. It classi�es their risk of
global extinction into di�erent categories.
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Within the supply chain for wind generators, raw materials phase is the major concern.

Rare earths7 are used for the production of permanent magnets which are the key compo-

nents for the wind turbine generator. In this way, the future penetration into the market

of wind energy will be determined by those material supply. In Europe, wind power de-

velopment is threatened by these material scarcity while China dominates the market[13].

The changeover to a low carbon economy is driving the exacerbation in mining with global

mineral extraction expected to reach two to three gigatonnes by 2050[14]. Moreover, the

demand for non-fuel feedstocks is expected to rise as the world shifts away from fossil

fuels and nuclear �ssion towards renewable energy sources. This process will result in a

signi�cant increase in demand for non-fuel basic materials needed for a variety of purposes

such as energy production, storage, transmission, and use.

Some feedstocks are inexhaustible, on the contrary the scarcity of some of them, together

with the increasing demand, lead in recent years to a signi�cant price rises. Jeremy

Grantham, a former oil analyst and �nancier, recently wrote in Nature8 that global raw

material prices are rapidly rising. He states this is �a genuine paradigm shift, perhaps the

most important economic change since the Industrial Revolution. Simply, we are running

out.�[15]

We need raw materials and a responsible metal sourcing to accomplish with the Paris

Agreement and also with many of the SDGs. The development of new solutions is re-

quired for a responsible recovery such as non-invasive research and low impact technolo-

gies. Because of scarcity of materials and uncertain delivery systems, supply chains �nd

challenging to ensure reliable stocks. Due to the limited availability of raw sources such as

minerals and the expanding demand for end goods, an extra source of supply is required:

recycling permits raw materials from ever-increasing waste streams to be integrated into

production processes.

Key factor GRI Key Performance Indicator Category Unit measure

301-1

301-2*

301-3

Materials used by weight or volume

Recycled input materials used

Reclaimed products and their packaging

materials

Quantitative

Quantitative

Quantitative

[t] or [m3]

[%]

[%]

Table 1.4: Raw materials sourcing KPIs.

7Rare Earth Elements (REE) are a set of seventeen chemical elements including lanthanides, scandium
and yttrium used in a wide range of high-tech devices.

8Nature is a weekly worldwide journal that publishes the most cutting-edge scienti�c and technology
research.
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1.1.5. Waste and pollution

Humans are producing far too much waste but they are unable to manage it in a sus-

tainable manner harming the planet. A lot of resources are needed to accomplish their

exigencies, oceans and land�lls are over�owing with non-biodegradable and non-recyclable

waste. Today, with the expansion of consumption patterns, the amount of waste we pro-

duce has grown to be truly huge. Until few years ago, all waste was dumped in land�lls

then, to create a sustainable waste chain, it was established to limit their usage because

they pollute the soil putting the underlying aquifer at risk of contamination. The gases

produced by the breakdown of organic compounds represent a danger.

Water nowadays is wasted and polluted as a result of anthropogenic activities. In Bangladesh,

due to the exponential growth of urbanisation and industrialization, both surface and

groundwater are contaminated, poisoned by arsenic and harmed by toxic waste that

threats its potability[16].

Plastic pollution has emerged as one of the most important environmental challenges:

the manufacture of disposable plastic items is exceeding our ability to manage it. Con-

sider the case of plastic waste: plastics are made up of long-chain polymer molecules and

are extracted as a byproduct from oil, coal, and natural gas. Plastic use is growing at

a rate of 5% per year, while global output is estimated to be around 150 million tons

yearly. The amount of plastic waste deposited into land�lls ranges from 22% to 43% of

total plastic waste produced. This is a severe environmental concern because most plastic

waste is non-biodegradable, contains harmful compounds and takes up to 500 years to

degrade. The majority of plastic is thrown in rivers, with birds and �sh bearing the brunt

of the contamination. If zooplankton ate micro-plastic debris, their food web would be

disrupted, causing even more devastating repercussions[17].

Without a doubt, modern agricultural technologies have contributed signi�cantly to the

increase of global food supply. Agriculture, on the other hand, as well as other development-

related activities, has been a major source of pollution and waste generation in recent

years. These two interconnected agricultural outcomes stem from a variety of activities

and materials used to boost e�ciency and global agricultural output[18].

In recent years there has been a growing interest in preserving and recovering natural

resources from waste, reducing its negative e�ects on human and environmental health

as well as lowering waste production through the optimization of its management cy-

cle. Waste management focuses on the entire waste process which includes collection,

transportation and treatment with recycling or disposal of waste materials.
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Key factor GRI Key Performance Indicator Category Unit measure

306-1

306-2*

306-3

306-4

306-5

Waste generation and signi�cant waste-

related impacts

Management of signi�cant waste-related

impacts

Waste generated

Waste diverted from disposal

Waste directed to disposal

Qualitative

Qualitative

Quantitative

Quantitative

Quantitative

[�

[�

[t]

[t]

[t]

Table 1.5: Waste and pollution KPIs.

1.1.6. Clean-tech and renewables

clean-technology refers to all methods and products that eliminate or minimise the envi-

ronmental e�ect of a speci�c manufacturing process by increasing energy e�ciency, mak-

ing more sustainable use of natural resources, minimising waste production and reducing

emissions. As such, clean-tech is a broad term that encompasses a variety of technologies

such as clean energy, recycling, environmental friendly transportation, green chemistry

and energy e�cient home appliances. Green economy innovation is becoming more and

more popular: Cleantech Group9 underlines that in recent years clean-technology indus-

try has attracted the most venture investments of any sector, outperforming software

and biotechnology[19]. British Petroleum10 recently declared its decarbonization strategy

by 2050. As it is reported in BlackRock11 o�cial website in the section entitled "Sus-

tainability as BlackRock's New Standard for Investing", the multinational investment

management corporation declares its decision to exclude from its portfolios thermal coal

producers. The letter to the client states "[...] As Larry Fink12 writes in his 2020 letter

to CEOs, the investment risks presented by climate change are set to accelerate a signi�-

cant reallocation of capital, which will in turn have a profound impact on the pricing of

risk and assets around the world [...] We believe that sustainability should be our new

standard for investing." Since October 2020, Reclaim Finance13 has been doing research

to determine the exact impact of this announcement. Unfortunately, even with this new

9Cleantech Group is a society which provides research, consulting and events to stimulate sustainable
growth fueled by innovation.

10British Petroleum (BP) is a British oil and gas company. It is one of the world's seven largest publicly
traded oil and gas companies well-known as "Big Oil" or "supermajors".

11BlackRock is the world largest asset manager, leader in providing investment, advisory and risk
management solutions.

12Larry Fink is the chairman and CEO of BlackRock.
13Reclaim Finance is a young Non-Government Organization (NGO) that has the purpose of "making

�nance work for the climate". Its main goal is to realise the move away from fossil fuels of the world's
largest �nancial institutions.
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policy, the statistics demonstrate that BlackRock continues to be a major investor in coal

companies, including those proposing new coal projects. For sure, rapidly eliminating

fossil fuel investments is no easy task for a �nancial giant like BlackRock. Nevertheless,

the company's attitude to sustainability must experience a systematic transformation in

the following years[20].

Producing renewable energy means the exploitation of natural resources to generate power.

In this way, solar, wind, hydro, wave, tidal, geothermal, bio-fuels and many others lead

the transition towards a more sustainable and diversi�ed energy system. Renewables, as

low-carbon sources of energy, guide the post Paris decarbonization in a scenario where

the combustion of fossil fuels for energy accounts for three-quarters of worldwide an-

thropogenic CO2 emissions[21]. In this sense, renewables act like a brake to the global

warming to reach climate and energy objectives. In addition to that, the use of renewable

energy sources is plenty of economic and environmental advantages. They are clean and

renewable energies since they do not pollute and they are naturally replenished on a hu-

man timescale. Since based on natural sources, they provide widely available and low-cost

solutions. Moreover, renewables could materialise energy independence and safer energy

supply which are becoming an increasingly topical issue especially with the emergence

of Russia-Ukraine con�ict. Green energy is the driving force behind global energy trans-

formation, one of the leading strategies towards human and environmental peace and

prosperity listed as the seventh goal for sustainable development in 2030 Agenda.

Despite the e�ects of the COVID-19 pandemic, renewable energy achieved a new record in

terms of new electrical capacity in 2020, according to the Renewables 2021 Global Status

Report14. Altough G20 countries, world's biggest polluters, barely ful�lled or even failed

their renewable energy commitments, investment in renewable energy capacity climbed,

albeit little, and companies continued to set new records for renewable electricity produc-

tion. The recent success of Australia's renewable energy industry is an example: small-

scale solar powered Australia's renewable energy growth in 2021, accounting for 24.9%

of the country total renewable energy generation. During the year, the sector added 3.3

GW of new capacity, marking the sixth year in a row that it has established a record

for new installed power generation. In 2021, the renewable energy industry in Australia

contributed for 32.5% of total electricity generation, up over 5 percentage points from

2020. Renewable energy has almost doubled in the country in the last �ve years, rising

from 16.9% in 2017 to 32.5% this year[22].

14Renewables 2021 Global Status Report is the only worldwide crowd-sourced report on renewable
energy covering legislation, markets, and more while providing the most up-to-date global story on
renewable energy.
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Key factor GRI Key Performance Indicator Category Unit measure

301-1a.ii*

301-2*

302-1

302-2

302-3

302-4

302-5

305-5*

306-2*

Renewable materials used by

weight or volume

Recycled input materials used

Energy consumption within the

organization

Energy consumption outside of

the organization

Energy intensity

Reduction of energy consumption

Reductions in energy requirements

of products and services

Reduction of GHG emissions

Management of signi�cant waste-

related impacts

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

Qualitative

[t] or [m3]

[%]

[GJ]

[GJ]

[.]15

[GJ]

[GJ]

[tCO2eq]

[�

Table 1.6: Clean-tech and renewables KPIs.

15The computation of the energy intensity involves dividing the absolute energy consumption by the
organisation-speci�c metric, including units of product, production volume, size, number of full-time
employees, and monetary units. Accordingly, 302-3 relies on several units measure, thus we overlook it.
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1.2. Social pillar and key factors

For a long time, political mainstream focused on economic policy, competitiveness and

�scal stability issues. The social factor has lagged behind as long as the severe social

impacts of the �nancial and economic crisis came forward with increasing insistence, un-

settling inclusiveness, gender equality, economic welfare and human rights.

In this scenario, human capital has been slowly recognised as a global wealth and social

sustainability comes from the protection of this vital resource. In 2011, the United Na-

tions Guiding Principles on Business and Human Rights established a set of guidelines for

States and companies to identify, prevent and correct human rights violations committed

in business operations. The European Pillar of Social Rights was set in 2017 to take

on themes including equal opportunities and access to the labour market, fair working

conditions and social protection and inclusion. Starting from 2021, BlackRock introduces

the "Company Impacts on People" category in its Engagement Priorities16, calling for a

broader and more enhanced attention on companies' impacts on human resource manage-

ment. Its policy's only goal in interacting with businesses on human rights is to provide

value for shareholders and clients, since poor relationships with stakeholders may create

negative impacts exposing the company to legal, regulatory, operational, and reputational

risks, endangering its social license to operate[23].

Socially sustainable companies focus on the relationship with their employees, the soci-

ety and the political environment, looking at the workforce as a very valuable asset, and

investing in it as critical to their business success. To gain a strategic advantage, they

concentrate on workers performance, taking into account many human capital develop-

ment and protection issues that can increase corporate reputation.

In a competitive environment, a studied and smart use of human resources and an im-

provement in employee productivity are important and e�ective plus. Thus, ongoing

development activities enhance employee skills and abilities, getting them the necessary

technical knowledge and teaching them how to work.

Employment protection legislation has been introduced to give special attention to new

hire onboarding which, in turn, can ensure a high level of loyalty, preventing employee

turnover, also reducing the expensive process of newcomers recruitment, selection, and

training. Employers have legal responsibilities for delivering occupational health and

safety, and an inadequate management system is subject to signi�cant �nes and penal-

ties. Despite this, many organisations still engage irresponsible practices like inhumane

16The Engagement Priorities is a set of engagement e�orts annually identi�ed by BlackRock, aiming
to promote sound corporate governance and business models towards a strategy of sustainable long-term
returns.
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working conditions, discrimination and child labour.

Sustainability is a holistic vision of the reality and its business practices are not only inside

the organisation but also outside, extending to the relationship with the community as a

whole. Sustainable companies protect consumer privacy, retaining gathered personal data

and not disclosing them. Furthermore, supply chain management should bother with its

sustainability as well. Finally, along with human capital, sustainable organisations pay

careful attention to product labelling, displaying useful information on its composition

and disposal.

In the sections below we structure our social analysis into eight key social factors with the

corresponding key performance indicators. The Universal Declaration of Human Rights

marks rights and freedoms of all people: we are all born equal without any form of social,

neither gender (SDG 5) nor race (SDG 10) discrimination or slavery, as it is stated also

in the fourth, �fth, and sixth principles of the UN Global Compact and in the Forced

Labour, Worst Forms of Child Labour and Discrimination Conventions by ILO. We all

have the right to work in just and respectful conditions, ensuring a fair remuneration to

guarantee our family a life worthy of a human being, as stressed in the ILO Conventions

on Equal Remuneration, Occupational Safety and Health, and Promotional Framework

for Occupational Safety and Health. We all have the right to privacy without interference

in our private lives.

According to the �rst, second and tenth principles of the UN Global Compact, all busi-

nesses should promote and comply with internationally proclaimed human rights, and

ensure they do not fall into violations or corruption actions. In order to promote the in-

clusive economic growth favoured by full and productive employment and decent work for

all (SDG 8), the eight principles we identify are: employment, occupational and customer

health and safety, training and education, modern slavery, communities, supplier social

assessment, product responsibility, data privacy.
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1.2.1. Employment

Employment has always characterised everyone's life. This factor focuses on the practices

guiding worker's life, from hiring to turnover, paying attention to women's work roles,

which have changed signi�cantly over the years, and to the age of the workforce.

In the corporate scenario, age diversity creates a multiplicity of views, opinions and life

experiences. An organisational model ensuring a balance between the ability to motivate

and engage the most senior workforce, while keeping younger targets recruitment market

and development processes active, is a challenge for the near future.

Concerning gender gap, if in 1950 only 29% of women worked outside the home, employed

in almost exclusive female occupations, in 2000 this percentage has grown to nearly 75%

of women involved in a wider spectrum of jobs[24]. Despite this progress, gender bias

remains. Women are frequently thought as having weaker labour force attachment and

higher absentee rates than men, especially after having children. Thus, when applying for

a job, women are often required to be unmarried and without babies within a certain

period of time. Gender wage gap is a normal mean adopted by employers to o�set

predicted turnover expenditure and to avoid hiring or promoting women into certain

roles. According to recent statistics, in Europe there is a 16% gender wage disparity while

in the USA the percentage climbs of two points[25].

In this awful scenario, selection biases may be the result of disproportional hiring rates

of men and women. Increasing the number of men in a �rm could end up with women

discrimination, risking the tokenism phenomenon. It occurs in group situations where

the numerically dominant members rule and shape the culture of the numerical social

minority, known as tokens. Token women at work perceive the organisational atmosphere

as unfair to them, feel unhappy and left out in their work with lower self-esteem; the result

is the raise in women likelihood of leaving the organisation. Even if it is not necessarily

linked with discrimination factors, in 2018 European women employment rate was still 12

percentage points lower than the corresponding men rate. Addressing the size and scope

of this inequality is a pressing international matter, requiring both new policy solutions

and signi�cant cultural transformations as women carry the majority of the unpaid labour

and care responsibilities, limiting their chances for employment and career advancement.
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Key factor GRI Key Performance Indicator Category Unit measure

401-1

401-2

401-3

405-1

405-2

New employee hires and employee

turnover

Bene�ts provided to full-time employees

that are not provided to temporary or

part-time employees

Parental leave

Diversity of governance bodies and em-

ployees

Ratio of basic salary and remuneration

of women to men

Quantitative

Qualitative

Quantitative

Quantitative

Quantitative

[#]

[�

[#]

[%]

[�

Table 1.7: Employment KPIs.

1.2.2. Occupational and customer health and safety

Work has a major impact on community health: just think that people are much more

likely to be seriously injured during labour activities than to travel by car or to commit

a violent crime. According to ILO, 2.3 million people die each year from work-related

illnesses and accidents worldwide, up to more than 6,000 per day and, to make matters

worse, updates show a continuous increase in work-related issues.

ILO Constitution provides workers' protection against sickness, disease, and injury from

working activities, recognising that they negatively a�ect productivity and economic and

social development. More than 50% of all 387 ILO conventions and recommendations con-

cern with occupational health and safety, including the Occupational Safety and Health

Convention (1981), the Occupational Health Services Convention (1985), the Labour In-

spection Convention (1947) and the Promotional Framework for Occupational Health and

Safety Convention (2006). They call for the creation of a preventive culture as well as an

ongoing process of improvement[26]. This depth penetration shows the major relevance

of occupational health and safety as central element of ILO activities.

The key factor is of great concern insofar as it has enormous economic repercussions for

the company, the nation and the world, including compensation, absenteeism, lost work-

ing time, production delays, medical expenses, early retirements, training and retraining.

In a world with preventative health and safety culture, the right to a safe and healthy

working environment is respected at all levels, with the active participation of govern-

ments, employers and employees. In particular, organisations can and must develop occu-

pational health and safety management systems to address the sustainability dimensions,

concentrating on reducing worker injuries and health issues as well as providing a safe

and healthy workplace. Finally, organisations also have to deal with customers' health
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and safety, focusing on the quality of sold products and services.

Key factor GRI Key Performance Indicator Category Unit measure

403-1

403-2

403-3

403-4

403-5

403-6

403-7

403-8

403-9

403-10

416-1

416-2

Occupational health and safety man-

agement system

Hazard identi�cation, risk assessment,

and incident investigation

Occupational health services

Worker participation, consultation, and

communication on occupational health

and safety

Worker training on occupational health

and safety

Promotion of worker health

Prevention and mitigation of occupa-

tional health and safety impacts di-

rectly linked by business relationships

Workers covered by an occupational

health and safety management system

Work-related injuries

Work-related ill health

Assessment of the health and safety im-

pacts of product and service categories

Incidents of non-compliance concerning

the health and safety impacts of prod-

ucts and services

Qualitative

Qualitative

Qualitative

Qualitative

Qualitative

Qualitative

Qualitative

Quantitative

Quantitative

Quantitative

Quantitative

Quantitative

[�

[�

[�

[�

[�

[�

[�

[#]

[#] and [�

[#]

[%]

[#]

Table 1.8: Occupational and customer health and safety KPIs.

1.2.3. Training and education

Each �rm operates in a competitive market. The rapid development of information and

communications technology, the rising economic knowledge production, the growing inter-

nalisation and globalisation, changes to occupational structures and changes to the nature

and organisation of work, have forced organisations to �nd new ways ensuring that work-

force's competence overcomes this crowded environment, meeting these challenges and

thriving. Since critical business issues, from production technology innovations to new

market strategies, also depend on the performance capabilities of the workforce manag-

ing them, companies need the development of workplace expertise to achieve an even

better performance. The goal of employee development is to create an educated work-

force where all people are valued with competence and professional skills growth, ensuring

productivity, job satisfaction, competitiveness and well-being. Thus, to de�ne their own
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success, companies must rely on the synergy between advanced existing technologies and

infrastructures, and reliable and educated human resources.

Key factor GRI Key Performance Indicator Category Unit measure

404-1

404-2

404-3

410-1

Average hours of training per year per

employee

Programs for upgrading employee skills

and transition assistance programs

Percentage of employees receiving regu-

lar performance and career development

reviews

Security personnel trained in human

rights policies or procedures

Quantitative

Qualitative

Quantitative

Quantitative

[#]

[�

[#]

[%]

Table 1.9: Training and education KPIs.

1.2.4. Modern slavery

Modern slavery is the antithesis of social justice and sustainable development; on the

contrary, decent work is the lofty objective of achieving sustainable social progress, �ght-

ing work-related exclusion and inequality, while guaranteeing fair wage, job stability and

social protection. The concept of decent work came in 1999 when ILO Director-General

Juan Somavia, during the International Labour Conference stated that the primary ob-

jective of its organisation is providing all men and women with productive work, under

conditions of freedom, equality, security and human dignity, against any type of discrim-

ination.

In 2030 action plan's scenario, SDG 8 gives a signi�cant social dimension by mirroring the

aspirations of the ILO Decent Work Agenda. SDG Target 8.7, in particular, calls for the

e�orts of all people to take prompt and e�ective action stopping forced and compulsory

labour, and human tra�cking by 2030, while also prohibiting and eliminating all forms

of child labour by 2025[27]. In this way, SDG 8 binds decent work and economic growth

in a world where an increasingly diverse workforce has brought the challenging duty of

creating environments where people with di�erent backgrounds and pro�les can collab-

orate with, learn from, and inspire one another. Some years later, celebrating its 100th

anniversary in 2019, the ILO adopted its Centenary Declaration for the Future of Work,

committing to a world of employment free from violence and harassment. It presented its

updated strategy of workers' rights promotion and its struggle for a world without forced,

compulsory and child labour.

However, these are still signi�cant issues. The crisis occurred in recent years, including
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COVID-19, armed con�icts and climate changes, causing an unprecedented employment

and education disruption, growth of extreme poverty, forced migration and complaints

of violence, has increased the risk of modern slavery. Nowadays, from Brazilian bananas

to Burmese rice, from Turkish hazelnuts to Mexican beans, from Chinese tomatoes to

Argentine strawberries and Thai shrimps, many products are responsible for child labour.

Moreover, millions and millions of people in Latin America and the Caribbean, Europe,

Middle East, and developed countries, together with Indian Dalit and workers from sub-

Saharan African countries in Tunisia, are still su�ering from forced labour. There are

still about 160 million children and 50 million people in child and forced labour respec-

tively. In this awful scenario, the global community must speed up the progress. Besides

governments, there is need of a greater involvement of the whole society, starting from

businesses, to accomplish the challenging goals for 2030.

Key factor GRI Key Performance Indicator Category Unit measure

406-1

408-1

409-1

Incidents of discrimination and correc-

tive actions taken

Operations and suppliers at signi�cant

risk for incidents of child labour

Operations and suppliers at signi�cant

risk for incidents of forced or compulsory

labour

Quantitative

Qualitative

Qualitative

[#]

[�

[�

Table 1.10: Modern slavery KPIs.

1.2.5. Communities

The key factor measures companies' involvement in solving signi�cant social issues arising,

when doing business, from the interactions with di�erent types of political communities[28].

It deals with the protection of locals and indigenous people living or working in areas im-

pacted by businesses' operations somehow. Since taking care of community relations

strategies can help shaping industries actions in being more socially, culturally, and envi-

ronmentally sensitive, nowadays businesses are trying to engage plans for the bene�t of

local people, establishing a constant dialogue with them and involving them with projects

and initiatives for the common good. Community engagement strategy is a series of ac-

tions exploited by �rms to work in collaboration with and through citizens and groups

of people in order to deal with challenges in�uencing their well-being and shared inter-

ests. Involving local communities in planning and decision-making can help companies

contribute to bene�cial social and economic growth, especially when their operations'

impacts are extensive. If on one hand, human interventions are important means in a
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socioeconomic perspective, on the other hand they threaten the surrounding populations'

environment, amenities and lifestyle, feeding protests and con�icts, and delays up to

projects' abandonment. Thus, looking at the scenery with the perspective of local people

is needed as productive and safe.

From a sustainable perspective, businesses' impact on state and local communities devel-

opment needs to be comprehensively evaluated; as required by the Equator Principles17

"projects a�ecting indigenous peoples will be subject to a process of Informed Consul-

tation and Participation [which] will need to comply with the rights and protections for

indigenous peoples". Therefore, highlighting the speci�cs of the company's interactions

with various political communities in the non-�nancial reporting provides an additional

chance to demonstrate a positive working relationship with them towards sustainability.

Key factor GRI Key Performance Indicator Category Unit measure

411-1

413-1

413-2

415-1

Incidents of violations involving rights of

indigenous people

Operations with local community en-

gagement, impact assessments, and de-

velopment programs

Operations with signi�cant actual and

potential negative impacts on local com-

munities

Political contributions

Quantitative

Quantitative

Qualitative

Quantitative

[#]

[%]

[�

[Me ]

Table 1.11: Communities KPIs.

1.2.6. Supplier social assessment

Over the years, rising public knowledge, stronger government regulations, and market

pressure have made it clear that the boundary of companies' responsibility often goes

beyond their direct control, up to providers' interdependent units. Arriving to the �-

nal product is a long task, passing through deliveries, manufacturing, packaging and

transportation issues. Hence, supply chain design is crucial to the success of industrial

concerns and its sustainable management is even more. It has been de�ned as "the strate-

gic, transparent integration and achievement of an organization's social, environmental,

and economic goals in the systemic coordination of key inter-organisational business pro-

cesses for improving the long-term economic performance of the individual company and

its supply chains"[29].

17The Equator Principles is a risk management framework, signed by numerous �nancial institutions,
used by �nancial institutions to identify, evaluate, and manage environmental and social risk when �-
nancing projects.
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Moreover, to properly handle its stability and e�ectiveness, companies are involved in

assessing supply chain management's risks linked with both internal and external vari-

ables. For example, if a supplier operations and production issues depends on water, and

it is located in a remote area characterised by water scarcity, this represents a supply

chain sustainability risk to the company. Thus, for an industry, controlling and managing

information, material and capital �ow along the supply chain, as well as the cooperation

among �rms, while taking into account the three dimensions of sustainable development

derived from customer and stakeholder requirements, have been recognised more and more

fundamental.

Key factor GRI Key Performance Indicator Category Unit measure

414-1

414-2

New suppliers that were screened using

social criteria

Negative social impacts in the supply

chain and actions taken

Quantitative

Quantitative

[%]

[#]

Table 1.12: Supplier social assessment KPIs.

1.2.7. Product responsibility

The opportunity to make informed decisions is necessary to act sustainably; product la-

belling is an e�cient mean for shaping public opinion, impacting consumers' assessments

and purchase decisions. Thanks to e�ective sustainability details on product packaging,

consumers can make choices analysing a brand's commitment to produce socially and

environmentally responsible items, keeping track of environment's protection, natural re-

sources' conservation and fairly treatment of labour workers.

The French government, for example, pursues laws promoting sustainability data on prod-

uct life cycle assessment, like production, transportation and packaging information. In

this way, at the point of purchase, consumers may consider the environmental impacts of

the product they are selecting, such as water consumption and energy-e�ciency. Paying

particular emphasis on circular economy, starting from April 2022, the country's new rules

enforce manufacturers and importers to provide detailed information about products' re-

cycled content, use of renewable resources, durability, compostability, possibility of repair

and reuse, recyclability, and presence of harmful substances, through the use of marking,

labelling and electronic format.

Over the last decades, stakeholders like investors, consumers, governments, and corporate

clients, have been putting more pressure on businesses to publish information about their

performance and to produce sustainable friendly goods. In this scenario, some producers
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have taken advantage of green marketing, making exaggerated and inaccurate environ-

mental claims about their goods, known as "greenwashing". Therefore it happens that

consumers do not receive consistent brand-level sustainability information. In this respect,

Coca Cola life is an e�ort to promote a fake environmental friendly product, strengthening

its sustainability care with the use of a natural sweetener and a green label. However, over

the last years, in order to accomplish people struggle to incorporate sustainable practises

into their consumption habits, governments and consumer advocates are more and more

focusing on sustainability labelling.

Key factor GRI Key Performance Indicator Category Unit measure

417-1

417-2

417-3

Requirements for product and service in-

formation and labeling

Incidents of non-compliance concerning

product and service information and la-

beling

Incidents of non-compliance concerning

marketing communications

Qualitative

Quantitative

Quantitative

[�

[#]

[#]

Table 1.13: Product responsibility KPIs.

1.2.8. Data privacy

Huge amounts of data from and about current and potential customers are collected to

obtain insights and improve o�erings and clients' experience across di�erent channels.

Although many people voluntarily disclose their personal information in exchange for ad-

vantages, like personalised online o�ers and greater convenience, more and more customers

concern about their privacy, mostly as a result of infamous accidents like Alibaba18's and

Sony19's data violations. In 2011 Sony PlayStation Network20 was hacked accounting

for about 77 million of stolen data, including personal and �nancial clients information.

Large volume of con�dential data were leaked including names, home addresses, emails,

birth dates, credit cards, passwords and security questions with relative answers.

Since data breaches and privacy issues are set to grow signi�cantly, worldwide govern-

ments are adopting tougher measures, such as the European General Data Protection

Regulation21. Furthermore, even companies are becoming more and more aware: there
18Alibaba is a Chinese multinational company composed of a series of companies involved in e-

commerce, retail, internet and technology.
19Sony is the short name for Sony Corporation, a multinational Japanese company mainly focusing on

consumer electronics, videogames and entertainment services.
20PlayStation Network is an online entertainment service by Sony.
21The General Data Protection Regulation (GDPR) is a European regulation on data protection and

privacy.
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is a pressing managerial requirement to create an intimate understanding of customer

privacy issues' commercial impact, as well as future mitigation solutions. The protection

of client privacy is a forward-looking and strategic imperative and �rms could adopt a

variety of strategies satisfying privacy requirements and using a range of data analytics

techniques.

Key factor GRI Key Performance Indicator Category Unit measure

418-1 Substantiated complaints concerning

breaches of costumer privacy and losses

of costumer data

Quantitative [#]

Table 1.14: Data privacy KPIs.
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1.3. Governance pillar and key factors

Manipulations and scams have a long history in the business world. Corporate frauds are

widespread, costly and multifaceted.

Maxwell Communications Corporation plc failed in 1991 in the UK, after the theft of

nearly 600 million dollars in pension funds. Its owner Robert Maxwell was entirely blamed

and he apparently committed suicide. The English Polly Peck International plc failed too

in 1991, after a serious debt situation. In this regard, its chief executive Asil Nadir has

been accused of fraud and theft. The corporate administrator David Pollock, has said:

"You have to come back to the role of the chief executive - the person who runs the

business as his own. That is a factor which in hindsight stands out very clearly. True,

accounting regulations need to be tightened but the area where one would be looking in

terms of predicting is the role played by Mr. Nadir - his dominance as the chief executive

and chairman and the lack of control exercised by the rest of the board is critical"[30].

These are very few examples involving highly successful companies run by a very powerful

individual, responsible for somehow criminal activities. Following each of these scandals,

policymakers questioned the e�ectiveness of the corporate governance mechanisms. In

the UK, their breakdown led to the publication of the Cadbury Report. Similarly, ten

years later, US corporate failures such as Enron in 2001 and WorlCom in 2002, led to the

�rst government response, known as the Sarbanes-Oxley Act. Corporate irresponsibil-

ity in the Enron Corporate scandal (2001) sparked multiple lawsuits and unprecedented

outrage from a wide range of stakeholders, claiming for democratising corporate power

structures, improving managerial accountability, and enacting regulatory reform. The cor-

porate governance was weak, people with poor moral character and willingness to commit

fraud constituted the board of directors. Furthermore, con�icts of interest harmed the

non-executive directors. It is signi�cant that the report on its bankruptcy was entitled "a

culture of greed and corruption"[31].

WorldCom �led the largest bankruptcy in the US history in 2002, after several account-

ing frauds. This accounting scandal highlights the signi�cance of ethical standards and

internal checks in the workplace.

According to Cadbury Report by the Committee on the Financial Aspects of Corporate

Governance, "Corporate governance is the system by which companies are directed and

controlled". Corporate governance should be a balance between di�erent groups, up-

holding an atmosphere of trust, transparency and accountability, while strengthening the

relations between corporate leaders, their shareholders and stakeholders, including State,

�nancial institutions, employees, customers and community. The wave of company frauds
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shows that it is more and more fundamental for corporate governance to act sustainably

to build the corporate identity.

In this regard, the OECD Principles of Corporate Governance are worldwide considered a

benchmark for a sound governance, establishing advised practices with respect to share-

holders' rights, stakeholders' part, and board of directors responsibilities. The I principle

requires to promote transparent and fair markets, as well as an e�cient resource alloca-

tion, while in�uencing the overall economic performance.

Moreover, corporate governance should take care of the division of responsibilities between

di�erent authorities, to serve the public interest and to promote the active collaboration

between organisations and stakeholders in the creation of wealth and jobs.

For allowing investors to assess the relationship between businesses and the communi-

ties in which they operate, companies should disclose policies and performance related

to business ethics, social issues, human rights, and other public policy commitments (V

principle). Finally, board members should act in the best interests of the company and

its shareholders, and adhere to strict ethical guidelines. In this regard, jurisdictions are

increasingly requiring boards to oversee the �nance and tax planning strategies, while

discouraging practises such as aggressive tax avoidance that do not contribute to the

long-term interests of the company and its shareholders, with the possibility of resulting

in legal and reputational risks (VI principle).

In the sections below we structure our governance analysis into four key governance factors

with the corresponding key performance indicators. Coherently with the aforementioned

Principles of Corporate Governance, the metrics we introduce are: economic performance

and its impacts, market presence, business ethics, tax.
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1.3.1. Economic performance and its impacts

Value creation is the core of the business model. It should be addressed with and for

the stakeholders. The key factor focuses on the way the business serves its own strategic

interest and its stakeholders' societal interests. In this context, businesses could buy

raw materials locally, encouraging local suppliers and, furthermore, they could provide

communities with infrastructural investments, which are not necessarily related to the

business operations. An example of e�ective communities engagement is the Curibamba

project. It has been implemented by Enel Green Power22 in partnership with the rural

communities living around the area of the hydroelectric plant it constructed in the Comas,

Uchubamba, and Tulumayo rivers basins in Peru. Improvements in the roads, installation

of new sewage systems, funding for sports, culture, and education, as well as support for

the local farming industry, are necessary for the development of the communities living in

this region. The project has generated a number of positive outcomes. It has increased the

production on about 80 hectares of co�ee plantations and it has built locals' capacity in

co�ee growing methods via training and technical visits. Moreover, teams of professionals

with extensive knowledge of the care of crops and the methods used to produce co�ee,

periodically visit the farming families to provide them with support, advice, and ongoing

training.

Key factor GRI Key Performance Indicator Category Unit measure

201-1

201-2

201-3

201-4

203-1

203-2

204-1

Direct economic value generated and dis-

tributed

Financial implications and other risks

and opportunities due to climate change

De�ned bene�t plan obligations and

other retirement plans

Financial assistance received from gov-

ernment

Infrastructure investments and services

supported

Signi�cant indirect economic impacts

Proportion of spending on local suppliers

Quantitative

Qualitative

Quantitative

Quantitative

Quantitative

Qualitative

Quantitative

[Me ]23

[�

[Me ]

[Me ]

[Me ]

[�

[%]

Table 1.15: Economic performance and its impacts KPIs.

22Enel Green Power is an Italian international renewable energy company, subsidiary of Enel power
generation �rm.

23Me stands for million euro.
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1.3.2. Market presence

The key factor investigates to what extent the company communicates value back to the

community.

Worldwide, wages policies have always brought up several discussions to the table. There

have been several attempts in trying to correlate minimum wages with basic human ne-

cessities in order to ensure a decent standard of living for everyone. The International

Labour Organization refers to the minimum wage as "the minimum sum payable to a

worker for work performed or services rendered, within a given period, whether calcu-

lated on the basis of time or output, which may not be reduced either by individual or

collective agreement, which is guaranteed by law and which may be �xed in such a way

as to cover the minimum needs of the worker and his or her family, in the light of na-

tional economic and social conditions". The Article 23 of the Universal Declaration of

Human Rights says that "Everyone who works has the right to just and favourable remu-

neration ensuring for himself and his family an existence worthy of human dignity,[...]".

The International Covenant on Economic, Social and Cultural Rights provides for the

right of "Remuneration which provides all workers, as a minimum, with [...] A decent

living for themselves and their families in accordance with the provisions of the present

Covenant"[32].

The principle that work is the best way to �ght poverty and social inequality does not

apply to low-paying sectors. In this context, the ratio between company's and minimum

wage is understood as a measure of organisational competitiveness in labour market, say-

ing how the company contributes to the welfare of its employees. Market presence also

measures how the company values the local community. Any �rm can sustain the local

community by making available its skills and valuable resources for improving the popu-

lation living. Thus, it may contribute to a balanced territorial development, working in

partnership with locals and realising shared projects.

Key factor GRI Key Performance Indicator Category Unit measure

202-1

202-2

Ratios of standard entry level wage by

gender compared to local minimum wage

Proportion of senior management hired

from the local community

Quantitative

Quantitative

[�

[%]

Table 1.16: Market presence KPIs.
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1.3.3. Business ethics

Business ethics concerns policies and procedures against fraud, corruption and anti-

competitive behaviours, extremely important in shaping the business success. However,

in the business world, ethical issues have grown in complexity.

Throughout the late 1990s, the Enron Corporation was one of the world's leading electric-

ity, natural gas, communications and pulp and paper companies. Over a �ve years period,

its annual revenues increased from 9 billion dollars to more than 100 billion dollars, qual-

ifying in seventh place among the most important multinational enterprises in the USA.

Buying and selling gas and electricity by exploiting bank loans, it has become both an

industrial and a �nancial empire. It voluntarily disclosed �nancial statements that hid

certain types of information, which caused a �nancial stock price reaction. Suddenly and

without warning, in three months Enron stock price fell from about 90 dollars to less than

1 dollar, and the company went bankrupt in 2001. It has been one of the biggest �nancial

scams.

At a certain level, it hardly matters what the courts decide. No company engaging in

similar practises can take heart from any suits that may be dismissed in Enron's favour. A

negative perception of corporate ethics has already harmed the company's reputation[33].

Another case in point, is Google's. The United States Department of Justice, along with

the States of Arkansas, Florida, Georgia, Indiana, Kentucky, Louisiana, Mississippi, Mis-

souri, Montana, South Carolina, and Texas, �led an antitrust lawsuit against Google on

October 20, 2020, for using anti-competitive tactics in its "attempts to monopolise". In

favour of a healthy competitive free market, antitrust legislation limits anti-competitive

business practises. According to the complaint, Google has forced its users to accept its

search engine. This scenario includes agreements with Apple24 making Google the de-

fault search engine on the Safari browser, agreements with device manufacturers making

Google's search app preinstalled and unremovable, and agreements prohibiting the pre-

installation of other search engines[34].

The consequences of these immoral behaviours can have a wide-ranging impact, harming

a company's reputation, as well as undermining public trust in the markets. In this con-

text, business ethics may serve as a powerful mean to gain value between the company's

stakeholders inside and outside of the organisation.

24Apple is an American multinational technology company.
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Key factor GRI Key Performance Indicator Category Unit measure

205-1

205-2

205-3

206-1

Operations assessed for risks related to

corruption

Communication and training about

anti-corruption policies and procedures

Con�rmed incidents of corruption and

actions taken

Legal actions for anti-competitive be-

havior, anti-trust, and monopoly prac-

tices

Quantitative

Quantitative

Quantitative

Quantitative

[#] and [%]

[#] and [%]

[#]

[#]

Table 1.17: Business ethics KPIs.

1.3.4. Tax

The key factor deals with the company's tax administration and compliance issues.

Key factor GRI Key Performance Indicator Category Unit measure

207-1

207-2

207-3

207-4

Approach to tax

Tax governance, control, and risk man-

agement

Stakeholder engagement and manage-

ment of concerns related to tax

Country-by-country reporting

Qualitative

Qualitative

Qualitative

Qualitative

[�

[�

[�

[�

Table 1.18: Tax KPIs.
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We develop an objective rating methodology which takes shape and signi�cance from

businesses sustainable disclosures to think in a benchmarking scenario. It assesses only

quantitative information, neglecting unmeasurable qualitative descriptions of impressions

and personal point of views, to generate a judgement which is as tangible as possible.

When building �nancial portfolios, asset allocation centers on the identi�cation of strategic

choices meeting investors' demands to select the best assets and investment opportuni-

ties. At this stage, isolating the �nest option of all the possible ones could help to make

a well-planned choice. Thus, the algorithm evaluates a comprehensive ESG information

assigning a score between zero and one, which comes down to merely show a company

ESG performance in relation with the ongoing industrial scenario.

The algorithm is primarily focused on key performance indicators to grasp how the com-

pany manages practices and strategies which govern its sustainable commitment, evalu-

ating either plain indicators or the ratio of di�erent KPIs. Throughout the discussion,

depending on its usage, indicator denotes the KPI or its transformed version. For devel-

oping the measurement tool, the algorithm learns the global environmental, social and

corporate policies status employing a training dataset. Thus, it processes a general rule

for each indicator which is consistent with the current scenario. One at a time, it es-

timates the cumulative distribution function (CDF) which has generated each indicator

sample points, by computing the corresponding empirical cumulative distribution function

(eCDF) which acts as a tool measuring the company relative performance.

Measurement tool we denote with K a generic indicator taking values inDK and with

m its sample size. To ease the notation, in the following its realisations(ki ) i 2f 1;2;:::;m g are

assumed to be in ascending order. Since the set could have repetitions, to indicate the

highest number of recurrent elements we introduce the following quantity:

n = max
i 2f 1;2;:::;m g

ni (2.1)

where ni = # f j : kj = ki g. Finally, we de�ne the eCDF FK : DK ! [0; 1] as a step
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function jumping high by at most n
m at each observed point:

FK (k) = P(K � k) =
1
m

mX

i =1

1(k i � k) =
# f i : ki � kg

m
; k 2 DK (2.2)

We are modelling the cumulative distribution function of a discrete random variable, since

our training dataset is a �nite collection of real data. However, since most of the variables

take values in intervals of real numbers, we might model them as continuous random vari-

ables. Nevertheless, the di�erence between the step-wise cumulative distribution function

and any CDF f K , obtained through a continuous interpolation, is at most equal to:

� = kf K � FK k1 = max
k2 DK

jf K (k) � FK (k)j =
n
m

(2.3)

Indeed, assumingm su�ciently large and being n � m reasonably, we get:

lim
m!1

� = 0

Thus, as the sample size increases, the di�erence between the proposed solution and

whatever kind of continuous CDF is negligible.

ESG score the company ESG rating is calculated as the fair weighted sum of the three

environmental, social and corporate governance evaluations:

' =
X

i 2f e;s;gg

�p i (2.4)

where:

ˆ e, s, g are the environmental, social and governance pillars, respectively

ˆ � = 1
3 is each pillar's weight

ˆ pi is the score of pillari

The algorithm implements a nested structure where each pillar contribute is a convex

linear combination, arranging the corresponding key factors scores with sector-speci�c

weights, as follows:

pi =
n iX

j =1

wj &j (2.5)

where:

ˆ ni is the number of key factors associated with pillari , i 2 f e; s; gg
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ˆ (wj ) j 2f 1;2;:::;n i g is the set of weights associated with the key factors of pillari (see

Tables 3.1, 3.8, 3.9)

ˆ (&j ) j 2f 1;2;:::;n i g is the set of scores associated with the key factors of pillari

In the guidelines of the section below, each key factorj is matched to the score&j via

customised procedures handling its own indicators. Even if grouped in di�erent key factors

with di�erent scoring procedures, each indicator K is mapped with a scoresK obtained

through the evaluation of its eCDF at the company registered valuek. The procedure

manages the indicator basing on its de�nition in this way:

ˆ if K assesses any sustainable business practice moving the company long-term for-

ward, then sK = FK (k)

ˆ if K assesses a business practice somehow harming environmental protection, social

justice or corporate accountability, thensK = 1 � FK (k)

By de�nition, the CDF is a non-decreasing and non-negative function assuming values

in [0,1]. Either way the algorithm values a non-negative contribute di�ering in the size

of the recognised score. Since ratings have a meaning in comparison with the others,

the contribute of a good indicator in a sustainable perspective is grasped in such a way

that greater values correspond to greater scores, exploiting the CDF as a non-decreasing

function. On the contrary, the procedure penalises misconducts delivering a grade which

is worth the less the more the size of the danger, being the opposite of the CDF a non-

increasing function. In the following each indicator is accurately analysed to get its own

assessment, whether positive or negative.

To conclude, being a fair weighted sum of convex linear combinations, the comprehensive

ESG score falls in [0,1], where 1 and 0 indicate excellent and laggard capacity to ful�ll

sustainable commitments, respectively.

The grading scale is divided into four ranges from the highest to the lowest values, fol-

lowing the procedure in Table 2.1.

Training dataset aiming to construct a fair and relative ESG rating, for powering the

overall assessment it is better to provide a sectorial training dataset. We group the com-

panies into 11 di�erent sectors by relying on the Global Industry Classi�cation Standard.

Our classi�cation consists on these industrial sectors: Energy, Materials, Industrials, Con-

sumer Discretionary, Consumer Staples, Healthcare, Financials, Information Technology,

Communication Services, Utilities, and Real Estate.

Data transformation before proceeding, it is necessary to point out some kind of

transformations performed on the dataset.



38 2| Constructing the rating

The industry was born to meet humans needs for goods and services while providing

income, guaranteeing an adequate way of living. Natural resources processing and con-

sumption have always supported the industrial production, however, in the current sce-

nario of environmental degradation, economic e�ciency cannot ignore supply �ow insofar

as its interruption could lead to sectors shutdown. As the strict connection between raw

materials, industrial products and byproducts stands up from the resources consumption

up to the waste generated by the industrial activity, information coming from key perfor-

mance indicators is more meaningful when linked to the value of the production. Indeed,

for carrying out an assessment with respect to the wealth created, before starting, the

algorithm performs a transformation both in the training dataset and in the dataset to be

evaluated of the environmental pillar. Precisely, it divides the datum by its corresponding

economic value generated. The transformation is performed only when the KPI is used

as a plain indicator, since the fraction makes it useless.

The transformation is carried out also in the governance pillar to discuss the size of an

investment with respect to the company dimension. In the following sections, this trans-

formation is denoted with a tilde.

CDF critical analysis it is not enough to compute the CDF corresponding to the

available training dataset. Indeed, it is necessary to make sure that CDF attributes

correct and accurate results, assigning reliable scores whose variation is consistent with

corporate long-term performances. Indeed, we should depict whether the training data

distribution is reliable for the purpose of our usage. Consider, for example, a bimodal

distribution, which is �at in the middle of the interval and exhibits two distinct peaks at

its extremes. Exploiting its CDF, the algorithm correctly matches values placed in the

two peaks to increasing scores, but it associates almost constant rates to central values.

In situations like this, it is required to proceed cautiously. For addressing the right cause,

we must understand whether the presence of a hole in the dataset is due to an incomplete

collection of information or not. If re�ning the dataset, the situation does not change,

the hole is simply a representation of the ongoing industrial scenario. Thus, when dealing

with CDFs, we should proceed step by step carefully analysing their distributions. In case

of small training dataset, it is even the more necessary. Particularly, it is suggested to

gather as much information as possible, for avoiding ending up with warped and worthless

evaluations.



2| Constructing the rating 39

Figure 2.1: Bimodal distribution mixture of X1 � N (4; 1) and X2 � N (14; 1).

Values pts. Letter rating Rating category Description

(0.9166, 1] A+ Excellent

(0.8333, 0.9166] A+ Excellent

(0.7500, 0.8333] A�. Excellent

�A� score indicates excellent capacity to

ful�ll sustainable commitments

(0.6666, 0.7500] B+ Good

(0.5833, 0.6666] B+ Good

(0.5000, 0.5833] B�. Good

�B� score indicates good capacity to

ful�ll sustainable commitments

(0.4166, 0.5000] C+ Satisfactory

(0.3333, 0.4166] C+ Satisfactory

(0.2500, 0.3333] C�. Satisfactory

�C� score indicates satisfactory capacity

to ful�ll sustainable commitments

(0.1666, 0.2500] D+ Laggard

(0.0833, 0.1666] D+ Laggard

[0.0, 0.0833] D�. Laggard

�D� score indicates laggard capacity to

ful�ll sustainable commitments

Table 2.1: ESG Score Range Chart
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2.1. Key factor-speci�c analysis

We discuss the speci�c rating methodology adopted for each key factor, reviewing and

reasoning, one at a time, its key performance indicators. At the end of each section, it is

presented the �nal list of all the indicators used in the key factor analysis, to be reported

in the company sustainable disclosure. Exploiting the GRI documentation, we mark with

a "r" the indicators which have been somehow revised, that is "revised Key Performance

Indicators". Finally, it is provided step by step the algorithm which computes the speci�c

key factor's score.

We examine separately in Section 2.2 all KPIs tracking qualitative information or infor-

mation ine�ective for the purposes of the analysis.

Throughout the discussion we have:

ˆ K i is the i-th indicator

ˆ (k ij ) j 2f 1;2;:::;m i g is the training dataset for Ki

ˆ mi is the number of Ki 's observations in the training dataset

ˆ ni is the highest number of recurrent elements in (k ij ) j 2f 1;2;:::;m i g

ˆ ki is the value of Ki recorded by the company to be evaluated

2.1.1. Environmental pillar

The environmental pillar consists of 6 key factors, which are examined in the following.

Greenhouse Gas (GHG), Ozone-Depleting substances

(ODS) and other signi�cant emissions

For weighting together emissions coming from di�erent gases with di�erent climate-

changing e�ects, we exploit the Global Warming Potential.

De�nition 2.1. The Global Warming Potential (GWP) quanti�es the energy that 1 tonne

of a generic gas will absorb over a certain amount of time (generally 20, 100 or 500 years)

compared with the energy absorbed by 1 tonne of carbon dioxide. In the following we use

GWP:x
t to indicate the GWP of gas x over time t.

To allow comparisons between the e�ects of various gases on global warming, we use as

unit measure the tonnes of carbon dioxide equivalent.

De�nition 2.2. The tonnes of carbone dioxide equivalent (tCO2eq) are obtained multi-
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plying the tonnes of gas in a polluting emission with its GWP:

mx:[tCO2eq] = GWP.x
t � mx:[tCFC-11eq]

where mx is the mass of gas x. In this way, one unit of each gas, trapping the same

amount of heat in the atmosphere as carbon dioxide, has the same polluting potential.

We concentrate on KPIs 305-1a, 305-2a, 305-3a, 305-5a and 305-6a. The GRI documen-

tation measures all of them in tCO2eq but 305-6a, which is quanti�ed in tCFC-11eq, i.e.

tonnes of trichloro�uoromethane equivalent. We use GWP:CFC-11
100 = 4660[35], thus

mCFC-11 :[tCO2eq] = 4660 � mCFC-11 :[tCFC-11eq]

To ease the notation in the following we adopt this convention:

rGRI revised Key Performance Indicator Notation

305-1a Direct (Scope 1) GHG emissions x1

305-2a Energy indirect (Scope 2) GHG emissions x2

305-3a Other indirect (Scope 3) GHG emissions x3

305-5a Reduction of GHG emissions r

305-6ar Emissions of ozone-depleting substances (ODS) y

For discussing emissions impacts, we perform a two layers analysis distinguishing the

emissions the company has actually performed in the reporting period, from those it

has avoided, since an objective assessment should recognise the e�orts done to make

improvements.

Once applied the training dataset transformation, we evaluateScope 1, Scope 2, Scope 3

and ODS emissions:

K1 = ~x1

K2 = ~x2

K3 = ~x3

K4 = ~y

(2.6)

(2.7)

(2.8)

(2.9)

Since the releases of these harmful chemicals threaten the planet, higher values are pe-

nalised. Exploiting the global warming potential, these indicators represent gases with

the same power climate-alterating, thus we recognise them the same materiality with a

fair distribution of weights: wi = 1=4, 8i 2 f 1; 2; 3; 4g. We conclude the �rst phase of the

study by computing the weighted sum of these contributions, acting as the score for the
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e�ective emissions.

The second stage focuses onGHG emissions reductionvaluing:

K5 = ~r (2.10)

after having computed the training dataset transformation. To classify the size of emis-

sions cuts, we de�ne the quantile functionQK 5 : [0; 1] ! DK 5 which takes the value of the

probability p and assignsx such that:

QK 5 (p) = max f x 2 DK 5 : P(K5 � x) � pg

More precisely, the function selects the maximum value ofx leaving at mostp probability

to the left and at least 1� p probability to the right. We compute the quantilesQK 5 (1=3)

and QK 5 (2=3) to organise the reduction into the three di�erent awarding categories pre-

sented in Table A1. Taking the valuek5 registered by the company in the reporting period,

it falls into one of these three ranges. Thus, we apply a continuous and increasing reward

function f r to the computed rating, of the formf r (x) = (1 + r )x. Precisely,r 2 [0; 1] is

the reward rate and it amounts to 0, 1/20 or 1/10, basing on the selected interval. Finally,

we get the adjusted score functionf a : [0; 1] ! [0; 1] of the form f a(x) = min ( f r (x); 1)

which takes the value of the score calculated in the �rst phase and returns the �nal one,

stopping f r 's growth at 1.

Algorithm

0. Training dataset

â Take the training dataset and select indicators in Table 2.2:

â x1 = 305-1a

â x2 = 305-2a

â x3 = 305-3a

â r = 305-5a

â y = 305-6ar

â Run the training dataset transformation getting: ~x1, ~x2, ~x3, ~r and ~y
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1. Emissions generated

â Fix Scope 1, Scope 2, Scope 3and ODS emissions:

K1 = ~x1

K2 = ~x2

K3 = ~x3

K4 = ~y

â Compute the eCDFs associated with Ki , denotedFK i 8i 2 f 1; 2; 3; 4g

â Take the corresponding values registered by the company, denotedki

8i 2 f 1; 2; 3; 4g

â Compute the scores:

s1:1:i = 1 � FK i (ki ) 8i 2 f 1; 2; 3; 4g

â Fix:

wi =
1
4

8i 2 f 1; 2; 3; 4g

â Compute the score:

s1:1 =
4X

i =1

wi s1:1:i

2. Emissions reduction

â Fix GHG emissions reduction:

K5 = ~r

â Compute the eCDF associated withK 5 and exploiting Table A1:

â computeQK 5 (1=3) and QK 5 (2=3)

â construct the three awarding intervals I1, I2 and I3
â take the value k5 registered by the company and select the proper ad-

justed score function basing on the range to which it belongs

â Compute the Greenhouse Gas (GHG), Ozone-Depleting substances (ODS)

and other signi�cant emissions score:

s1 = f a(s1:1)
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Key factor rGRI revised Key Performance Indicator Unit measure

305-1a

305-2a

305-3a

305-5a

305-6ar

Direct (Scope 1) GHG emissions

Energy indirect (Scope 2) GHG emissions

Other indirect (Scope 3) GHG emissions

Reduction of GHG emissions

Emissions of ozone-depleting substances (ODS)

[tCO2eq]

[tCO2eq]

[tCO2eq]

[tCO2eq]

[tCO2eq]

Table 2.2: GHG, ODS and other signi�cant emissions rKPIs.
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Water

We concentrate on KPIs 303-3a, 303-4a, 303-5a. The GRI documentation measures all of

them in Ml, i.e. megaliters, we convert Ml in m3, i.e. cubic meters, in this way:

m:[Ml ] �
1

1000
: = :m:[m3]

wherem is the body of water.

To ease the notation in the following we adopt this convention:

rGRI revised Key Performance Indicator Notation

303-3ar Water withdrawal x

303-4ar Water discharge y

303-5ar Water consumption z

We conduct a two layers analysis focusing on the size of the water supply and water

management procedures. For measuring the resource supply, once applied the training

dataset transformation, we assess thetotal water withdrawn:

K1 = ~x (2.11)

In order to reduce risks of water shortages, higher values of K1 are penalised.

GRI 303 de�nes:
z = x � y

To discuss a company water handling, we focus on resource consumption and discharge

with respect to the global withdrawn. Indeed, considering them in a broad sense could

be misleading since their volumes have a meaning when compared. Even if the GRI

documentation simply focuses on the water discharge, not claiming an explicit declaration

of its composition into pure and contaminated, the procedure wants them for a further

discussion. Thus, we require the cubic meters of pure or puri�ed water discharge and the

cubic meters of contaminated water discharge. In the following we call them yp and yc

respectively.

We evaluate thewater consumption over the total withdrawn:

K2 =
z
x

(2.12)

Since the total amount of water consumed is no more available for the ecosystem and the

local community in the reporting period, higher values need to be penalised.
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We discuss the fraction of water discharge over the total withdrawn to detect its impact on

the receiving waterbody. An increased release does not necessarily bene�t the environment

insofar as hazardous substances could damage the surroundings. Indeed, water discharge

is classi�ed basing on whether it is contaminated or not and, if needed, on the application

of treatment techniques. We assess thepure or puri�ed water discharge over the total

withdrawn:

K3 =
yp

x
(2.13)

and the contaminated water discharge over the total withdrawn:

K4 =
yc

x
(2.14)

Processing before releasing is rated positively as well as pure water and unlike contami-

nated discharge.

We combine K2, K3 and K4 scores via their relative composition:wi = ki , 8i 2 f 2; 3; 4g.

Finally, the obtained score and the evaluation of K1 (Equation 2.11) are fairly weighted.

The company withdrawn is further assessed in connection with the resource availability

in the a�ected area. Thus, the impact of water procurement is not only con�ned to its

volume but it also deals with water security. We make use of the Aqueduct Water Risk

Atlas by the World Resources Institute1 as a mapping tool for inspecting water risk zone

by zone all over the world, classifying water stress into �ve di�erent levels including low,

low-medium, medium-high, high and extremely high. We quantify the severity of the

water stress in the zone impacted by the company activity, applying a continuous and

increasing penalty functionf p to the computed rating of the form f p(x) = ax + b, with

a; b2 R. In this way, the function is capable of modulating the reduction basing on the

previously assigned score. Since scores are non-negative,f p maps 0 in 0. Denoting with

p 2 [0; 1] the penalty rate, i.e. the size of the reduction associated to a before-penalty

score of 1,a and b are the solutions of this system of two equations in two variables:

8
<

:
f p(0) = 0 ! b= 0

f p(1) = p ! a = p

Thus, the penalty curve becomesf p(x) = px. Finally, we introduce the adjusted score

function f a : [0; 1] ! [0; 1] which receives the old score and returns the �nal one in this

way: f a(x) = x � f p(x) = (1 � p)x.

1The World Resources Institute is a global research organisation which focuses on seven main topics
including cities, climate, energy, food, forests, ocean and water, by committing developing analysis tools
to explain current and future risks and improve lifestyle.
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We select three di�erent penalty rates to generate di�erent levels of downgrading matched

to the severity of the water stress, as classi�ed by the World Resources Institute (see Table

A2). We reason as follows:

� the penalty rate of extremely high water stress zones is chosen to prevent a com-

pany withdrawing there to get an overall water score classi�ed in A and B rating

categories. We selectp = 1=2 matching a previous score of 1 to an adjusted 1/2,

via a double downgrading (from A+ to C+).

� The penalty rate of high water stress zones is chosen to prevent a company with-

drawing there to get an overall water score classi�ed in A category. We select

p = 1=4 matching a previous score of 1 to an adjusted 3/4, via a single downgrading

(from A+ to B+).

� The penalty rate of medium-high water stress zones is chosen to prevent a company

withdrawing there to get an overall water score classi�ed in A+ category. We select

p = 1=8 matching a previous score of 1 to an adjusted 7/8 (from A+ to A).

� Low and low-medium water stress zones are not penalised.

Algorithm

0. Training dataset

â Take the training dataset and select indicators in Table 2.3:

â x = 303-3ar.i

â yp = 303-4ar.i

â yc = 303-4ar.ii

â z = 303-5ar

â Run the training dataset transformation getting ~x

1. Water

1. a. Water withdrawal

â Compute the total water withdrawn:

K1 = ~x

â Compute the eCDF associated with K1, denotedFK 1

â Take the corresponding value registered by the company, denotedk1
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â Compute the score:

s2:1:a = 1 � FK 1 (k1)

1. b. Water consumption and discharge

â Compute the water consumption over the total withdrawn:

K2 =
z
x

the pure or puri�ed water discharge over the total withdrawn:

K3 =
yp

x

and the contaminated water discharge over the total withdrawn:

K4 =
yc

x

â Compute the eCDFs associated with Ki , denotedFK i 8i 2 {2,3,4}

â Take the corresponding values registered by the company, denotedki

8i 2 {2,3,4}

â Compute the scores:

s2:1:b:i = 1 � FK i (ki ) 8i 2 {2,4}

s2:1:b:3 = FK 3 (k3)

â Fix:

wi = ki 8i 2 f 2; 3; 4g

â Compute the score:

s2:1:b =
4X

i =2

wi s2:1:b:i

â Fix:

wi =
1
2

8i 2 f a; bg

â Compute the score:
s2:1 =

X

i 2f a;bg

wi s2:1:i
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0. 2. Water stress

â Get the zone impacted by the company water withdrawal (303-3ar.ii) and use

the Aqueduct Water Risk Atlas to detect the severity of the water stress

â Exploit Table A2 to select the proper adjusted score function basing on the

the water stress

â Compute the water score:

s2 = f a(s2:1)

Key factor rGRI 2 revised Key Performance Indicator Unit measure

303-3ar

303-4ar

303-5ar

ii Water withdrawal

ii Area impacted by the water withdrawal

ii Pure or puri�ed water discharge

ii Contaminated water discharge

ii Water consumption

[m3]

[�

[m3]

[m3]

[m3]

Table 2.3: Water rKPIs.



50 2| Constructing the rating

Land use and biodiversity

GRI 304-4 considers animals, plants and fungi species in the IUCN Red List and national

conservation list, living in areas a�ected by industrial activities. The Red List status

indicates the likelihood that the considered specie will go extinct in the near future, basing

on the current information of population patterns and potential threats. To evaluate the

extinction risk based on a specie population size or trends, the GRI indicator classi�es

the species threatened with extinction into least concern, near threatened, vulnerable,

endangered and critically endangered categories, exploiting the IUCN Red List mapping

tool. For completeness and consistency with the Red List, we also consider the data

de�cient category when data are missing. The impact the company has on threatened

biodiversity is assessed by demanding all the jeopardized species so that one can classify

each reported animal life into its corresponding category. Indicating with(yi) i2f 1;2:::;5g

the number of species belonging to the i-th Red List category, we translate the given

taxonomy into a multiplying system exacerbating the value of yi in accordance with the

severity of the extinction threat. More precisely, we introduce the penalty rate� which

is an integer number greater or equal than one, such that� 2 f 1; 2; 3; 4; 5g is matched to

an increasing serious extinction risk, as indicated in Table A3. We evaluate thenumber

of IUCN Red List species and national conservation list species with habitats in areas

a�ected by operations multiplied by the penalty rate� communicating the corresponding

extinction risk:

K1 =
5X

i=1

� iyi (2.15)

Since each natural resource has a key role in maintaining the balance of the ecosystem,

the conservation of animal, plant and fungi species is critical for humans survival. Thus,

we implement an evaluation procedure penalising higher values of threat.

Algorithm

0. Training dataset

â Take the training dataset and select indicators in Table 2.4:

â x = 304-4r

1. Species threatened with extinction

â Compute thenumber of IUCN Red List species and national conservation list

species with habitats in areas a�ected by operations multiplied by the rate�

communicating the corresponding extinction risk: (see Table A3)
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â

K1 =
5X

i=1

� iyi

â Compute the eCDF associated with K1, denotedFK 1

â Take the corresponding value registered by the company, denotedk1

â Compute the score:

s3 = 1 � FK 1 (k1)

Key factor rGRI revised Key Performance Indicator Unit measure

304-4r Total number of IUCN Red List species and national

conservation list species with habitats in areas af-

fected by the operations of the organization, by level

of extinction risk

[#]

Table 2.4: Land use and biodiversity rKPIs.
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Raw materials sourcing

To ease the notation in the following we adopt this convention:

GRI Key Performance Indicator Notation

301-1 Materials used by weight or volume x

301-1a.i Non renewable materials used y

301-1a.ii Renewable materials used z

301-2 Recycled input materials used r

We �rst measure the total materials used, once applied the training dataset transforma-

tion:

K1 = ~x (2.16)

Given the global nature of resources exploitation, higher values of K1 are penalised.

Obviously:
x = y + z

thus we assess therenewable materials used over the total materials used:

K2 =
z
x

(2.17)

and the non renewable materials used over the total materials used:

K3 =
y
x

(2.18)

Renewable materials are constituted by natural resources which are spontaneously re-

plenished on a human time scale. Contrary to K3, K2 is positively rated since, even if

consumed, this type of materials results in sustainable strategies. We discuss materials

stewardship practices by combining the weighted evaluations associated with each of the

two compositions with respect to the total materials used, denoteds.

We have:

s = k2(FK 2 (k2) + k3 (1 � FK 3 (k3))

Since K2 + K3 = 1, we get:

FK 2 (k2) ' 1 � FK 3 (k3) (2.19)
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More precisely, we can write:

FK 2 (k2) = P(K2 � k2) = 1 � P(K2 > k 2)

= 1 � P(1 � K3 > 1 � k3)

= 1 � P(K3 < k 3)

thus, we conclude thatFK 2 (k2) = 1 � FK 3 (k3) holds in all points but on the training

dataset (k 3j ) j 2f 1;2;:::;m 3g where the di�erence is at most n3
m3

.

Reasonably, we can write:

s = k2(FK 2 (k2) + k3(FK 2 (k2) = FK 2 (k2)

Thus, it is enough to assess the proportion of renewable materials to the overall materials

used of any business, regardless of the non renewables.

The procedure also addresses the employment of recycled materials reasoning thefraction

of recycled input materials used over the total materials used:

K4 = r (2.20)

Finally, GRI 301-3 claims the percentage of reclaimed products and their packaging mate-

rials over the total products sold. Since materials assessment uses as measuring meter the

total materials used, computing the impact of each variable with respect to it, we need the

percentage of reclaimed products with respect to the total materials used. Thus, rather

than its percentage with respect to the total products sold, we require the total amount

of reclaimed products expressed in tonnes. In the following we call it p. Indeed, we can

indicate the reclaimed products and their packaging materials over the total materials used

as:

K5 =
p
x

(2.21)

Note that K 5 is derived exploiting only the total amount of reclaimed products and their

packaging materials, the amount of recycled materials instead is preserved in K4.

While diverting from waste, the employment of recycled and recovered materials lower

raw and virgin materials' use in products manufacturing, hence they are appreciated.

Considering that renewable, recycled and recovered materials are not necessarily mutually

exclusive and that no one is universally recognised to be more advantageous in a sustain-

able perspective, we exploit a fair weighting system as follows:wi = 1=3, 8i 2 f 2; 4; 5g.

Finally, the obtained score and the evaluation of K1 (Equation 2.16) are fairly weighted.
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Algorithm

0. Training dataset

â Take the training dataset and select indicators in Table 2.5:

â x = 301-1

â y = 301-1a.i

â z = 301-1a.ii

â r = 301-2

â p = 301-3ar

â Run the training dataset transformation getting ~x

1. Raw Materials

1. a. Materials used

â Fix the total materials used:

K1 = ~x

â Compute the eCDF associated with K1, denotedFK 1

â Take the corresponding value registered by the company, denotedk1

â Compute the score:

s4:1:a = 1 � FK 1 (k1)

1. b. Renewable, recycled and recovered materials used

â Compute the renewable materials used over the total materials used:

K2 =
z
x

�x the recycled input materials used over the total materials used:

K4 = r

and compute thereclaimed products and their packaging materials over the

total materials used:

K5 =
p
x

c

â Compute the eCDFs associated with Ki , denotedFK i 8i 2 {2,4,5}
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â Take the corresponding values registered by the company, denotedki

8i 2 {2,4,5}

â Compute the scores:

s4:1:b:i = FK i (ki ) 8i 2 f 2; 4; 5g

â Fix:

wi =
1
3

8i 2 f 2; 4; 5g

â Compute the score:
s4:1:b =

X

i 2f 2;4;5g

wi s4:1:b:i

â Fix:

wi =
1
2

8i 2 f a; bg

â Compute the score:
s4 =

X

i 2f a;bg

wi s4:1:i

Key factor rGRI revised Key Performance Indicator Unit measure

301-1

301-1a.i

301-1a.ii

301-2

301-3ar

Materials used

Non renewable materials used

Renewable materials used

Recycled input materials used

Reclaimed products and their packaging materials

[t]

[t]

[t]

[%]

[t]

Table 2.5: Raw materials sourcing rKPIs.



56 2| Constructing the rating

Waste and pollution

To ease the notation in the following we adopt this convention:

GRI Key Performance Indicator Notation

306-3a Waste generated x

306-4a Waste diverted from disposal y

306-5a Waste directed to disposal z

Since a consumer society produces wastes, destabilising the terrestrial biodiversity and

polluting air, soil and water, it cannot help but focus on the waste management. Firstly,

we evaluate thetotal waste generated, once applied the training dataset transformation:

K1 = ~x (2.22)

In this way we get a metric for the total waste produced by the industrial activity; it is

negatively assessed. Following the same way of reasoning as in the discussion on emis-

sions, we proceed the analysis by distinguishing two separate levels, concerning the wastes

actually generated in the reporting period from those avoided. The GRI documentation

di�erentiates the total amount of waste generated into directed to and diverted from

disposal. The �rst category mainly refers to the simplest but also the most dangerous

remedies of land�lling and incineration. They directly a�ect humans, ecosystems and

species through methane releases and waste burning, respectively, while also interrupting

materials life cycle. A careful and e�ective management of the problem deals with the

waste diverted from disposal, involving the development of a circular industrial system

cutting the goods directed towards disposal solutions to the advantage of their enhance-

ment through recovery and recycling, in a way that the scraps of a process could become

the inputs of another.

We have:
x = y + z

We indicate the waste diverted from disposal over the waste generatedas:

K2 =
y
x

(2.23)

and the waste directed to disposal over the waste generatedas:

K3 =
z
x

(2.24)
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The European Union Waste Framework Directive, basing on the implications these pro-

cesses have on environment and society, de�nes good practice guidelines for handling

components end of life, calling for a hierarchical system of preference including preven-

tion, diversion from disposal and then disposal[36]. As a result, only K2 is positively

rated. We propose the same way of reasoning as the raw materials sourcing key factor

(see Equation 2.19), arranging the two types of waste generated with their relative com-

position obtaining the scores = FK 2 (k2). Thus, s and the evaluation of K1 (Equation

2.22) are fairly weighted.

Finally, we concentrate on waste generation reduction e�orts. In this regard, GRI 306-2a

is limited to a discussion about the actions taken to prevent waste generation, starting

from the �rst stages of the production to end of life measures, passing through the value

chain. To measure these cuts brought on by circularity measures, we demand its quan-

ti�cation. In the following we call it r. Once applied the training dataset transformation,

we discuss thewaste prevention:

K4 = ~r (2.25)

Following the same approach as the GHG emissions reduction, we apply an adjusted

score function to the computed rating, which accounts for the size of the waste prevented

making use of the quantile function QK 4
(see Table A4).

Algorithm

0. Training dataset

â Take the training dataset and select indicators as in Table 2.6:

â r = 306-2ar

â x = 306-3a

â y = 306-4a

â z = 306-5a

â Run the training dataset transformation getting ~x and ~r

1. Waste

1. a. Waste generated

â Fix the total waste generated:

K1 = ~x

â Compute the eCDF associated with K1, denotedFK 1
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â Take the corresponding value registered by the company, denotedk1

â Compute the score:

s5:1:a = 1 � FK 1 (k1)

1. b. Waste generated diverted from and directed to disposal

â Compute the waste diverted from disposal over the waste generated:

K2 =
z
x

â Compute the eCDF associated with K2, denotedFK 2

â Take the corresponding value registered by the company, denotedk2

â Compute the score:

s5:1:b = FK 2 (k2)

â Fix:

wi =
1
2

8i 2 f a; bg

â Compute the score:
s5:1 =

X

i 2f a;bg

wi s5:1:i

2. Waste prevention

â Fix the waste prevention:

K4 = ~r

â Compute the eCDF associated withK 4 and exploiting Table A4:

â computeQK 4 (1=3) and QK 4 (2=3)

â construct the three awarding intervals I1, I2 and I3
â take the value k4 registered by the company and select the proper ad-

justed score function basing on the range to which it belongs

â Compute the waste and pollution score:

s5 = f a(s5:1)
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Key factor rGRI revised Key Performance Indicator Unit measure

306-2ar

306-3a

306-4a

306-5a

Waste prevention

Waste generated

Waste diverted from disposal

Waste directed to disposal

[t]

[t]

[t]

[t]

Table 2.6: Waste and pollution rKPIs.
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Clean-tech and renewables

To ease the notation in the following we adopt this convention:

rGRI revised Key Performance Indicator Notation

302-1a Energy consumption within the organization from non renewable sources xn

302-1b Energy consumption within the organization from renewable sources xr

302-1e Energy consumption within the organization x

302-2a Energy consumption outside of the organization y

302-4a Reduction of energy consumption r1

302-5a Reductions in energy requirements of products and services r2

305-5a Reduction of GHG emissions r3

301-1a.ii Renewable materials used r4

301-2 Recycled input materials used r5

306-2ar Waste prevention r6

The analysis is structured in two independent parts focusing on the energy consumption of

the company's industrial activity and its clean-tech e�orts. We deal with them separately,

evaluating their own contribute, then we get the �nal clean-tech and renewables score as

the fair weighted sum.

We �rst discuss the total energy consumption within and outside the organisation, once

applied the training dataset transformation:

K1 = ~x + ~y (2.26)

Being consumption, it is negatively assessed. Then, for valuing the company's sustainable

management of the energy resources, we separate the energy consumption from its reduc-

tion, as in emissions and waste discussions. More precisely, we demand the quanti�cation

of the total energy consumed outside of the organisation, exactly as GRIs 302-1a and 302-

1b, i.e. di�erentiating the type of source between renewable and non renewable. In the

following we call them yn and yr respectively. The total energy consumed is made up by

a positive and a negative part in a sustainable perspective. Thus, adopting the same way

of reasoning as materials and waste key factors, we only assess the good renewable parts,

omitting their complementary. We simply compute therenewable energy consumption

within the organisation over the total energy consumption within the organisation:

K2 =
xr

x
(2.27)
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and the renewable energy consumption outside of the organisation over the total energy

consumption outside of the organisation:

K3 =
yr

y
(2.28)

We get the scores for the type of energy used, as the fair convex linear combination of

the two contributes FK 2 (k2) and FK 3 (k3). Thus, s and the evaluation of K1 (Equation

2.26) are fairly combined.

To conclude the energy part, we focus on the e�orts concerning energy reduction, by

discussing measures of energy saving and e�ciency, and cuts in the energy requirements

of sold products and services. Once applied the training dataset transformation, we

introduce the reduction of energy consumption:

K4 = ~r1 (2.29)

and the reductions in energy requirements of products and services:

K5 = ~r2 (2.30)

We use a waterfall model getting the �nal score via two consecutive steps. These exploit

the quantile functions QK 4
and QK 5

to construct two adjusted score functions which

measure the size of the two reductions (see Tables A5, A6).

The second part of the analysis assesses the company's e�orts to adopt solutions reducing

or eliminating the environmental impacts of a production process, by improving energy

e�ciency, making more rational use of natural resources, reducing waste generation and

polluting emissions. Hence, we resume KPIs already analysed to measure the company

clean-tech attempts. More precisely, we make use of the already de�ned K4 and K5,

together with the reduction of GHG emissions:

K6 = ~r3 (2.31)

the renewable materials used:

K7 = ~r4 (2.32)

the recycled input materials used:

K8 = r5 (2.33)
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and the waste prevention:

K9 = ~r6 (2.34)

Obviously, these indicators are all positively rated. Since there is no reason to believe

that some are more important than others, being all clean-tech struggles, we all recognise

the same materiality, concluding with a fair distribution of weights: wi = 1/6, 8i 2

f 4; 5; 6; 7; 8; 9g. We end the subsection by computing the clean-tech and renewables score

as the fair weighted sum of the two parts' score.
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Algorithm

0. Training dataset

â Take the training dataset and select indicators in Table 2.7:

â xn = 302-1a

â xr = 302-1b

â x = 302-1e

â y = 302-2ar

â yn = 302-2ar.i

â yr = 302-2ar.ii

â r1 = 302-4a

â r2 = 302-5a

â r3 = 305-5a

â r4 = 301-1a.ii

â r5 = 301-2

â r6 = 306-2ar

â Run the training dataset transformation getting~r1, ~r2, ~r3, ~r4, ~r6

1. Renewables

1.a. Energy consumption

1.a..aa. Energy

â Compute the total energy consumption within and outside the organisa-

tion :

K1 = ~x + ~y

â Compute the eCDF associated with K1, denotedFK 1

â Take the corresponding value registered by the company, denotedk1

â Compute the score:

s6:1:a:aa = 1 � FK 1 (k1)
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1.a..ab. Energy types

â Compute therenewable energy consumption within the organisation over

the total energy consumption within the organisation:

K2 =
xr

x

and the renewable energy consumption outside of the organisation over

the total energy consumption outside of the organisation:

K3 =
yr

y

â Compute the eCDFs associated with Ki , denotedFK i 8i 2 {2,3}

â Take the corresponding values registered by the company, denotedki

8i 2 {2,3}

â Compute the scores:

s6:1:a:ab:i = FK i (ki ) 8i 2 f 2; 3g

â Fix:

wi =
1
2

8i 2 f 2; 3g

â Compute the score:

s6:1:a:ab =
3X

i =2

wi s6:1:a:ab:i

â Fix:

wi =
1
2

8i 2 f aa; abg

â Compute the score:
s6:1:a =

X

i 2f aa;abg

wi s6:1:a:i

1.b. Energy reduction

â Fix the reduction of energy consumption:

K4 = ~r1

â and the reductions in energy requirements of products and services:
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â

K5 = ~r2

â Compute the eCDF associated withK 3 and exploiting Table A5:

â computeQK 3 (1=3) and QK 3 (2=3)

â construct the three awarding intervals I1, I2 and I3
â take the value k3 registered by the company and select the proper ad-

justed score function basing on the range to which it belongs

â Compute the score:

s(1)
6:1:b = f a(s6:1:a)

â Compute the eCDF associated withK 4 and exploiting Table A6:

â computeQK 4 (1=3) and QK 4 (2=3)

â construct the three awarding intervals I1, I2 and I3
â take the value k4 registered by the company and select the proper ad-

justed score function basing on the range to which it belongs

â Compute the score:

s6:1 = f a
�
s(1)

6:1:b

�

2. Clean-tech

â Fix the reduction of GHG emissions:

K6 = ~r3

the renewable materials used:

K7 = ~r4

the recycled input materials used:

K8 = r5

and the waste prevention:

K9 = ~r6

â Compute the eCDFs associated with Ki , denotedFK i 8i 2 {6,7,8,9}

â Take the corresponding values registered by the company, denotedki

8i 2 {4,5,6,7,8,9}
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â Compute the scores:

s6:2:i = FK i (ki ) 8i 2 f 3; 4; 5; 6; 7; 8g

â Fix:

wi =
1
6

8i 2 f 3; 4; 5; 6; 7; 8g

â Compute the clean-tech score:

s6:2 =
8X

i =3

wi s6:2:i

3. Clean tech and renewables

â Fix:

wi =
1
2

8i 2 f 1; 2g

â Compute the clean-tech and renewables score:

s6 =
2X

i =1

wi s6:i
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Key factor rGRI 2 revised Key Performance Indicator Unit measure

302-1a

302-1b

302-1e

302-2ar

302-4a

302-5a

305-5a

301-1a

301-2

306-2ar

ii Non renewable energy consumption within the or-ii

ii ganization

ii Renewable energy consumption within the organi-i

ii zation

iiiTotal energy consumption within the organization

ii Energy consumption outside of the organization

ii Renewable energy consumption outside of the orga-

ii nization

ii Non renewable energy consumption outside of thea-

ii organization

ii Reduction of energy consumption

ii Reductions in energy requirements of products�an

ii and services

ii Reduction of GHG emissions

ii Renewable materials used

ii Recycled input materials used

ii Waste prevention

[GJ]

[GJ]

[GJ]

[GJ]

[GJ]

[GJ]

[GJ]

[GJ]

[tCO2eq]

[t]

[%]

[t]

Table 2.7: Clean-tech and renewables rKPIs.
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2.1.2. Social pillar

The social pillar consists of 8 key factors, which are examined in the following. Pre-

cisely, the sixth, i.e. supplier social assessment, analysing only qualitative KPIs, is not

considered.

Employment

To measure the company's level of diversity and inclusiveness favouring equal opportuni-

ties, we examine both the composition of the workforce by age and gender, and his pay.

The GRI documentation requires a detailed workforce reporting, by distinguishing be-

tween governance body and employee categories (GRI 405-1), hiring and turnover (GRI

401-1), both by gender and age groups. We summarise this information by discussing the

overall balance of the personnel composition, whether at the beginning or at the end of

the reporting period, to evaluate the change plans implemented and the achieved �nal

structure. Recalling GRI 405-1, both at the beginning and at the end of the reporting

period, we require data concerning the total number of individuals within the organisa-

tion's governance body and the total number of employees, by gender and age groups. To

ease the notation in the following we adopt this convention:

Indicator Notation

#individuals in the organisation's governance body g

#employees x

age group under 30 years old (30)

age group between 30 and 50 years old (30-50)

age group over 50 years old (50)

men category m

women category w

beginning of the reporting period b

end of the reporting period e

We de�ne the absolute value of the di�erence between men and women in the organisa-

tion's governance body over the total number of individuals in the organisation's gover-

nance body, at time t:

� g,t =
jgm,t � gw,t j
gm,t + gw,t

and the absolute value of the di�erence between male and female employees over the total
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number of employees, at time t:

� x,t =
jxm,t � xw,t j
xm,t + xw,t

to obtain two ratios pointing out the gender composition asymmetry in the company's

team at time t.

In the following we discuss the adopted procedure while considering the composition of

the governance body; the same reasoning is assumed for the group of the employees. We

focus on age and gender distinctions, creating two evaluations, each time putting together

the assessments on the adopted change plans and the embraced �nal structure.

Concerning the gender distinction, we assess� g at the end of the reporting period:

K1 = � g,e (2.35)

and the variation in the gender composition of the governance body during the reporting

period:

K2 =
� g,b � � g,e

� g,b1(� g,b > � g,e ) + (1 � � g,b)1(� g,b � � g,e )

=

8
<

:

� g,b � � g,e

� g,b
� g,b > � g,e

� g,b � � g,e

1� � g,b
� g,b � � g,e

(2.36)

We elaborate assessments encouraging activities aimed at equal chances, protection of

diversity and inclusion. For this reason, we penalise high values of K1 denoting gender

disparity. Moreover, we recognise a positive contribute to the company re-balancing e�orts

in the personnel composition during the considered time frame, favouring large values of

K2. More precisely, K2 quanti�es the change plans implemented, reasoning as follows:

� if � g,b > � g,e the gender composition of the governance body is somehow unbalanced

at the beginning of the reporting period, but it is getting more gender balanced.

This scenario is matched to the size of the variation over the maximum achievable

improvement.

� If � g,b < � g,e the gender composition of the governance body is getting more gender

unbalanced during the reporting period. This scenario is matched to the size of the

variation over the maximum possible worsening.

� If � g,b = � g,e the gender composition of the governance body remains unchanged in

the reporting period. This scenario is matched to zero to identify a middle situation
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in which neither an improvement nor a worsening has been made.

We conclude the governance body analysis by gender, matching K1 to a continuous and

decreasing weight functionw1 : [0; 1]2 ! [1=2; 1] of this form:

w1(x; y) =
1
2

(e� �
p

x2+ y2
+ 1) (2.37)

wherex = � g,b, y = j� g,b � � g,ej and � 2 R+ . Indeed, basing on the initial composition,

as well as on the size of the variation in the reporting period, we aim to recognise a

di�erent relevance to K1 and K2 scores. In the following, we translate our reasoning into

inequalities de�ning half-planes. Thus, we choose the parameter� in the interval of values

satisfying the system of de�ned inequalities. Precisely, we reason as follows:

� if x ' 0 ^ y ' 0 the initial and the end compositions are close to the perfect

balance. We prevent underestimating changes in the right neighborhood of zero, by

strengthening the �nal composition rather than the variation e�orts. We force the

threshold to be equal to 0.9:

w1(x; y) > 0:9 8x � 0:05^ 8 y � 0:05 (2.38)

� if x � 0 the initial composition is strongly unbalanced, making change plans desir-

able. Since there is no reason to increase one or other of the indicators, we fairly

weight them. Precisely, we force:

w1(x; y) < 0:55 8x � 0:55^ 8 y 2 [0; 1] (2.39)

To get a set of values satisfying Eqs.2.38 and 2.39, the mathematical model requires

at least an upper bound of 0.55. Note that the Equation 2.37 never assumes exactly

1/2, but it approaches the value at the extremes of the domain.

We attain � 2 [3:16; 4:19], and we choose� = 4. Combining the two evaluations, weight-

ing them w1 and w2 respectively, we get the scores1.

A second analysis mirrors the previous one while focusing on the distinction by age. To

investigate the distribution of the governance body individuals in the three di�erent cat-

egories, including under 30 years old, 30-50 years old and over 50 years old, we introduce

two quantities resembling the unbiased estimators of a population mean and variance.

Firstly, we imagine of fairly dividing the total number of individuals in the organisation's
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