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‘We have only one planet. There is no plan B because there is no planet B’.
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Preface

The increasing relevance of the debate on the future of our planet is witnessed by the 
high number of claims and speeches recently pronounced, among which the following 
seem to be p articularly meaningful:

In rising to the climate challenge, we can set the world on a sustainable footing 
for generations to come, and lay the foundation for prosperity and security for all… 
We have only one planet. There is no Plan B because there is no planet B.

Ban Ki Moon, United Nations General Secretary, on the first day of the final week 
of the 21st UN Climate Summit, December 7, 2015.

I urgently appeal, then, for a new dialogue about how we are shaping the future of 
our planet. We need a conversation which includes everyone, since the environmental 
challenge we are undergoing, and its human roots, concern and affect us all…. Some 
forms of pollution are part of people’s daily experience. Exposure to atmospheric 
pollutants produces a broad spectrum of health hazards, especially for the poor, and 
causes millions of premature deaths…. Technology, which, linked to business inter-
ests, is presented as the only way of solving these problems, in fact proves incapable 
of seeing the mysterious network of relations between things and so sometimes solves 
one problem only to create others.

Pope Francis, encyclical letter “Laudato Si’” On Care for our Common Home, 
May 24, 2015.

Unsafe and poor working conditions lead to significant social and economic losses 
and are linked to environmental damage. Given our prominent share in the globalisa-
tion process, G7 countries have an important role to play in promoting labour rights, 
decent working conditions and environmental protection in global supply chains. 
We will strive for better application of internationally recognised labour, social and 
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environmental standards, principles and commitments (in particular UN, OECD, 
ILO and applicable environmental agreements) in global supply chains. We will 
engage with other countries, for example within the G20, to that end.

G7 Leaders’ Declaration on Responsible Global Supply Chains, G7 Summit at 
Schloss Elmau, Germany, June 7–8, 2015.

We have a moral obligation to leave our children a planet that’s not polluted or dam-
aged. The effects of climate change are already being felt across the nation…. 
Extreme weather events –  from more severe droughts and wildfires in the West to 
record heat waves – and sea level rise are hitting communities across the country. 
In fact, 14 of the 15 warmest years on record have all occurred in the first 15 years 
of this century and last year was the warmest year ever. The most vulnerable among 
us – including children, older adults, people with heart or lung disease, and people 
living in poverty – are most at risk from the impacts of climate change. Taking action 
now is critical.

President Obama’s announcement on the Clean Power Plan, August 3, 2015.

…We will unwaveringly pursue a strategy of sustainable development and stay 
committed to green, low‐carbon and circular development and China’s 
fundamental policy of conserving resources and protecting the environment. 
In promoting green development, we also aim to address climate change and over-
capacity. …. We will meet the people’s aspirations for a better life, raise their 
living standards and the quality of their lives, improve the public services system 
and enlarge the middle‐income group…. With more attention paid to equity and 
fairness, we will make the pie bigger and ensure that people get a fair share of it. 
We will resolve the most pressing problems affecting the immediate interests of the 
people to their satisfaction.

H.E. Xi Jinping, President of the People’s Republic of China at the Opening 
Ceremony of the B20 Summit, Hangzhou, China, September 3, 2016.

As demonstrated by these quotes, the topic of sustainability is crucial for the well‐
being of populations and of their future generations but is complex to address. It can 
be analysed from several perspectives, as those of policymakers, companies and even 
individuals willing to undertake appropriate actions in this regard. Focusing on the 
enterprises, such a complexity is made even higher due to the numerous processes 
that can affect the sustainability of an organisation and to the wide range of choices 
to be made in each of them.

The perimeter of investigation of this book refers to operations and supply chain 
management processes carried out within companies, with the aim of identifying the 
principles, frameworks and managerial tools that can be adopted along the life cycle 
of the product to achieve a satisfactory overall performance, in accordance with the 
triple bottom line approach.

This book is the final output of an intense research effort, whose purpose was to 
provide a wide range of readers (entrepreneurs, managers, students) with a systematic 
and updated review of this topic, grounding it into the most consolidated knowledge 
in the field of operations and supply chain management.
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1
SuStainability and 
future trendS

1.1 introduction

The 70th session of the General Assembly has opened with a towering achieve-
ment: the adoption of the 2030 Agenda, including 17 inspiring Sustainable 
Development Goals, the SDGs.

Our aim is clear. Our mission is possible. And our destination is in our sights: 
an end to extreme poverty by 2030; a life of peace and dignity for all.

What counts now is translating promises on paper into change on the ground.
We owe this and much more to the vulnerable, the oppressed, the displaced and 

the forgotten people in our world.
We owe this to a world where inequality is growing, trust is fading, and impa-

tience with leadership can be seen and felt far and wide.
We owe this to ‘succeeding generations’, in the memorable words the Charter.
In this year in which we mark the 70th anniversary of the United Nations, we 

must heed the call of the Charter, and hear the voices of ‘we the peoples.’ That is 
how we can overcome the grim realities of the present and seize the remarkable 
opportunities of our era.

The Millennium Development Goals made poverty history for hundreds of 
millions of people.

Now we are poised to continue the job while reaching higher, broader and deeper.
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as highlighted in the speech of Secretary ban Ki‐moon, sustainability is a global 
goal, encompassing several different areas: environment protection, climate change, 
social inequality, human rights, poverty and nutrition.

in the first part of this Chapter, the definitions of sustainability and sustainable 
development are introduced, and the major issues related to the imperative of nutri-
tion are presented; in the second part of the Chapter, the impact of some mega‐trends 
on these phenomena is underlined, and the main pay‐offs and reasons why govern-
ments, institutions and companies are required to focus on sustainable objectives are 
pointed out. this Chapter aims at providing the general picture in which the main 
topics covered in this book – operations and supply chain management – have to be 
framed in the light of sustainability.

1.2 SuStainability before SuStainable operationS 
and Supply chain ManageMent

to speak of sustainability, even from the specific perspective of Operations and 
Supply Chain Management, means confronting the question of how to pursue the 
objectives of the present – whether they are those of a company, an institution or a 
wider socio‐economic system  –  while ensuring that adequate standards of 
development are also guaranteed in the future.

The new framework does not just add goals. It weaves the goals together, with 
human rights, the rule of law and women’s empowerment as crucial parts of an 
integrated whole.

The global goals are universal.
You, the world’s leaders, have committed to leave no one behind and to reach 

those farthest behind, first. We can build on the momentum this December in Paris 
with a robust agreement on climate change.

Remarkable changes are under way to reduce harmful greenhouse emissions. 
I  have seen and visited vast solar power installations bringing a new energy 
future into being. There is wind in the sails of climate action.

Yet it is clear that the national targets submitted by the member states will not 
be enough. We face a choice: either raise ambition or risk raising temperatures 
above the degree Celsius threshold, which science tells us we must not cross.

Reaching our sustainable development goals means organizing ourselves 
better. Let there be no more walls or boxes; no more ministries or agencies 
working at cross purposes. Let us move from silos to synergy, supported by data, 
long term planning and a will to do things differently…

Source: excerpt from speech by ban Ki‐moon at 70th un general assembly,  
28  September, 2015. available at http://gadebate.un.org/sites/default/files/gastate 
ments/70/70_Sg_en.pdf.
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the subject of sustainability is therefore intrinsically connected to a vision of the 
future that postulates intergenerational equity and it is for this reason that we have 
decided to start our discussion with an analysis – albeit brief – of several scenarios 
that, most probably, will form the backdrop for the choices to be made by those that 
must make governance decisions, such as managers, entrepreneurs or heads of 
government. the socio‐economic context in which future generations will live and 
companies and institutions will operate will largely be the result of the decisions made 
today and, in particular, of the actions to be taken due to these decisions. it is in the 
knowledge of this great responsibility, therefore, that it seems appropriate to rethink 
management choices, placing attention on a more extensive, complex, objective 
function than the one that traditionally characterises company operations, which is 
often summarised in the objective of value creation for shareholders. it involves, in 
fact, devising decision‐making processes based on the values of responsibility, ethics 
and sustainability, within a time frame that is consistent with the ability of the system 
to generate and regenerate adequate resources for sustaining its development. the 
subject is complex and has both micro‐ and macroeconomic implications. it tran-
scends the boundaries of a single discipline, encompassing aspects connected to the 
economy, management, economic policy, sociology, demographics and so on.

it therefore seems appropriate, right from the very beginning, to clearly define 
the  specific perimeter in which the considerations contained in this work will be 
developed. this book focuses on some of the most important managerial processes – 
Operations and Supply Chain Management – and in this regard we have decided to 
examine the subject of corporate sustainability as systematically as  possible. indeed, 
it is not the intention of this study to thoroughly analyse the subject of corporate 
sustainability as a whole, which is why reference is made to many of the literature 
contributions (benn et al., 2014; tencati and perini, 2011; Craig Smith and lenssen, 
2009), but rather to limit our analysis to the organisation and management of opera-
tions and supply chain processes, examined from a broad perspective (Cooper et al., 
1997), and their interaction with the imperative of sustainability.

it may appear strange to start the discussion that will lead us to the subject area of 
this book, namely the topic of Sustainable Operations and Supply Chain Management, 
by looking at two factors considered to be available commodities today, at least in 
one part – the most fortunate part – of our planet: food and water.

the decision to dwell upon the growing scarcity of food and water, which are 
essential for survival, is based on a threefold consideration:

 • First, because, however much it may appear obvious, these are two factors that are 
essential for the survival of the planet, the scarcity and unfair distribution of which 
already require an urgent response today in terms of global policies that guarantee 
the access and the availability of them to an increasing number of people.

 • Second, because these two elements, food and water, are intrinsically dependent 
on one another: to produce food, a large quantity of water is consumed, and 
therefore raising the quality and quantity of food offered to those who need it, 
given current technology and lifestyles, will lead to an rapid shortage of water 
resources.
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 • third, because the solutions that may be advised today to deal effectively with 
these problems concern the productivity of the agro‐food system, the tech-
nology required for increasing the aforesaid productivity, the fight against 
waste and the responsible management of the connected supply chains – the 
main topics of this work.

We will attempt to develop these three points briefly next.
the global food system today is capable of producing 2800 calories per day per 

person compared to an average daily requirement of approximately 2550 calories. 
this means that today the planet would be capable of feeding its population of 
approximate 7 billion and, according to some studies, of sustaining 9 and even 11 
billion people (Stuart, 2009; hanley, 2014).

nevertheless, about 2.5 billion people today live on less than $2 a day; the poorest 
families spend more than 70% of the their income on food (Wb, 2010); 36 million 
people die every year due to malnutrition and undernourishment; about 870 million 
people are hit by malnutrition, 852 million of whom live in developing countries; and 
approximately 1.1 billion people are undernourished (FaO, 2012). at the same time, 
in a dramatic food paradox, more than 1.5 billion people are obese or overweight, a 
problem that is increasingly widespread, and almost 30 million people die each year 
from diseases linked to excess food (bCFn, 2012).

according to reliable projections (unpd, 2015), demographic growth will drive 
the current 7.3 billion inhabitants on earth to 8.5 billion by 2030 and more than 9.5 
billion by 20501, meaning an increase of 30% in thirty-five years, who will have to 
be fed by extending agro‐food production. agriculture, however, is responsible today 
for 70–80% of the water consumption destined for food production and 33% of the 
global production of greenhouse gases  –  the main factors at the crux of climate 
change. Within the same time frame, it is estimated that arable land will be reduced 
by between 8% and 20% due to the effects of climate change, with the consequent 
modification of the geography of farming, which will lead to the conversion of 
tropical, subtropical and temperate forests into farmland. it is estimated that approx-
imately 45% of these forests will be lost. More than 240 million people (most of 
them in rural areas) are projected to lack access to an improved water source by 2050, 
and almost 1.4 billion people will not have access to basic sanitation (OeCd, 2012).

as already stated, there is a close interdependence between food production and 
water consumption. Currently 70% of freshwater withdrawals are destined for farm 
irrigation, whereas 22% are used by industry and the remaining 8% by domestic 
consumption (bCFn, 2012, p. 160)2. the consumption of freshwater is closely 

1 according to the most recent forecast, the world population will stabilise at around 11 billion people at 
the end of the century. the growth rate of the world population, which 10 years ago was 1.24% per year 
has dropped to 1.18% today; 83 countries, which represent 46% of the world population have a fertility 
rate lower than the rate of replacement, namely 2.1 children per woman, and in other countries, which 
represent a further 46% of the world population, births are slightly decreasing. half of the predicted 
growth by 2050 will be in only nine countries, the majority of which are extremely poor (unpd, 2015).
2 these percentages refer to average consumption; the impact of agriculture is significantly higher in low/
medium income countries or developing countries, where it may reach 95%, whereas in industrialised 
countries consumption linked to industry reaches 59% (bCFn, 2012).
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connected to the food production chain and consumption behaviours in the most 
populated areas of the planet. For instance, it is enough to recall the impact of the 
above in terms of Water Footprint (also known as Virtual Water Content), which 
analyses different types of food, measuring the consumption of water expressed in 
litres for each kilogram or litre of food produced (cultivated or raised), handled, 
packaged, transported and made suitable (e.g. cooked) for consumption (bCFn, 
2012). One kilogram of beef requires 15,500 litres of water, rice 3400, bread 1300, 
milk 1000, potatoes 900 and so on.

table 1.1 below contains a summary of the environmental impact of several foods, 
expressed in terms of their carbon, water and ecological footprints.

it appears obvious that the demand for food implied in the social imperative to 
reduce the problem of malnutrition, or more simply induced by the evolution of the 
quality of consumption models, combined with the demographic developments 
described previously and in the absence of appropriate action, will risk producing a 
disastrous impact on the availability of resources such as water, which are also being 
diminished due to the effects of climate change and the gradual pollution of the 
groundwater caused by the growth in population.

re‐examining the data stated before, the expectation that several million  consumers 
in other rapidly developing countries, in escaping situations of poverty, will gradually 
adopt ‘western’ eating patterns, translates into an easy prediction in terms of the 
Water  Footprint, which may lead first of all to an increase in the price of this 
fundamental element – the blue gold – and then to much more dramatic scenarios. 
in the last twenty years the consumption of meat in China has doubled, and it is esti-
mated to double again by 2030. giving up one kilogram of rice and replacing it with 
one kilogram of beef translates into a consumption of resources expressed in a Virtual 

table 1.1 carbon, water and ecological footprint of most common foodstuffs

Food
Carbon footprint
(gCO

2
 eq./kg or l)

Water footprint
(Water kg or l)

ecological footprint
(m2/kg or l)

beef 26,000 15,500 109
Cheese 9500 5000 93
butter 8600 5000 86
eggs 4540 3300 16
pork 4250 4800 28
Fish 3900 n.a. 71
rice 3850 3400 12
poultry 3600 3900 25
Oil 3200 5555 40
pasta 3000 1775 15
pulses 1600 3160 19
Milk 1300 1000 15
bread 900 1300 7
Fruit 670 930 4
Vegetables 665 240 3
potatoes 600 900 4

Source: reproduced with permission of barilla Center for Food & nutrition.
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Water Content  that is 4.5 times higher, a Carbon Footprint that is 6.7 times higher 
and an ecological Footprint that is a good nine times higher! by 2050, the need for 
water and its uneven distribution among countries will have dramatic effects on the 
9 plus billion inhabitants of the planet, located in concentrated areas due to the growing 
phenomenon of urbanisation. in fact, some estimates predict that of the 9.3 billion 
inhabitants on earth, 67% will live in cities and the remaining 33% in rural areas (Van 
audenhove et al., 2014).

Furthermore, it must be emphasised that, regardless of developments that will be 
introduced by technological innovation, current methods for managing production, 
distribution and food consumption processes hide enormous recovery margins and 
generate waste that, due to its extent, is extremely unacceptable, from an ethical point 
of view more so than an economic one. it is sufficient to quote the FaO: ‘the global 
volume of food wastage is estimated to be approximately 1.6 billion tonnes of 
 ‘primary products equivalent’ while the total wastage of edible part of food is 1.3 
billion tonnes’ (FaO, 2013, p. 6). this means that one third of global food production 
is lost, destroyed or wasted during conservation, transformation, distribution and 
consumption processes (FaO, 2011).

Once again, the unfair distribution of wealth and its connected models of production 
and consumption produce a clear difference between waste and scarcity. the waste pro-
duced along agro‐business supply chains is known as food loss when dealing with the 
losses that occur upstream, and as food waste when dealing with waste that takes place 
during the industrial processing, distribution and final consumption processes. Food 
losses, or spoiling, take place at production, postharvest and processing stages in the food 
supply chain. Food losses occurring at the end of the food chain (retail and final consump-
tion) are rather called ‘food waste’, which relates to retailers’ and consumers’ behaviour 
(grolleaud, 2002; parfitt et al., 20103). in this case the causes and the distribution of losses 
and waste also differ depending on the countries: food losses mainly occur in developing 
countries due to limits in their cultivation, harvesting and preservation  techniques and 
methods, or due to the lack of adequate transportation and storage infrastructures. Food 
waste, on the other hand, is more common in industrialised countries, notably during the 
final consumption phase (household consumption and catering), and in these countries 
there are significant wastes also during the production process (selection and packaging) 

3 a definition of food waste was given by the un Food and agriculture Organisation (FaO): ‘Food losses 
refer to the decrease in edible food mass throughout the part of the supply chain that specifically leads to 
edible food for human consumption. Food losses take place at production, post-harvest and processing 
stages in the food supply chain’ (parfitt et al., 2010). Food losses occurring at the end of the food chain 
(retail and final consumption) are rather called ‘food waste’, which relates to retailers’ and consumers’ 
behaviour (parfitt et al., 2010). ‘Food’ waste or loss is measured only for products that are directed to 
human consumption, excluding feed and parts of products that are not edible. as per the definition, food 
losses or waste are the masses of food lost or wasted in the part of food chains leading to ‘edible products 
going to human consumption’.

therefore, food that was originally meant for human consumption but which gets out of the human food 
chain is considered as food loss or waste, even if it is then directed to a non-food use (feed, bioenergy etc.). 
this approach distinguishes ‘planned’ non-food uses to ‘unplanned’ non-food uses, which are hereby 
accounted under losses (FaO, 2011, p. 2).
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phase, due to the assertion of questionable sizing and aesthetic standards, and  product 
quality or production surplus regulations. it has been estimated that europe and the 
united States consume an amount of food that is equal to double the nutritional require-
ment of their population and,  between food losses and food waste, approximately half of 
the food supplied is wasted along the cycle described previously (Stuart, 2009).

the quantity of food that is dumped in industrialised countries, estimated at 222 
million tonnes, matches the food production available in sub‐Saharan africa, which 
amounts to 230 million tonnes (FaO, 2011).

Much of this waste is the result of incorrect purchase and management models 
related to the consumer in terms of excess purchasing, excess portions prepared, 
errors in food storage, and so forth; but a good part is also linked to errors in ‘product 
planning stage’, such as in the case of oversizing portions that produces waste, or the 
assertion, as already mentioned, of sizing and aesthetic standards that cause high 
levels of waste upstream, or supply chain management in terms of conservation tech-
nology and methods, packaging, transportation and distribution – the main subject of 
the following pages. as summarised in table 1.2, in fact, of the 1.6 billion tonnes of 
primary products equivalent lost/wasted stated previously, more than 45% takes 
place during the stages linked to the Operations and Supply Chain Management, 
such as post‐harvesting and storage, industrial processing and distribution.

going back to the relationship between the consumption of water and food, it is 
sufficient to think, as effectively reported, that the quantity of water necessary to pro-
duce the quantity of food wasted every year on a global scale is estimated at 250,000 
billion litres, equivalent to the current domestic water requirement of a city like new 
york for 120 years (Segré, 2015). in addition to this, the food produced but wasted 
requires 1.4 billion hectares of land per year, the equivalent of about 30% of the world 
agricultural land area and generates a carbon footprint of 3.3 billion tonnes of carbon 
dioxide. if food waste was a country it would be the third top emitter after the united 
States and China (Segré, 2015; FaO, 2013).

1.3 the iMpact of cliMate change

the prospect of an increasing scarcity of resources, such as food, fuel, metals and 
farmland, and their unequal distribution throughout the world, will change the 

table 1.2 global food losses and waste along the supply chain

Supply chain stage Million tonnes of food %

agricultural production 510 32
post‐harvesting and storage 355 22
industrial processing 180 11
distribution 200 13
Consumer 345 22
tOtal 1590 100

Source: adapted from FaO, 2013, p. 13.
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geopolitics of the planet and is already forcing many countries to take action, such as 
China, which is taking the lead in investing in the areas richest in resources, as well 
as many areas of africa. For other needs the battle is well underway to gain the rights 
to exploit the resources preserved in the arctic areas.

according to some interpretations, most of the recent wars, as those in northern 
africa and in the Middle east, occurred also because of the extreme poverty of the 
local communities, which has been worsened by a severe drought caused in turn by 
climate change, as in the case of Syria. a similar interpretation can be given to the root 
causes of the exponential growth of migration flows from these countries, which are 
resulting in a huge humanitarian emergency. the impact of climate change has been 
deeply analysed in the last ten years and several studies have predicted the effects on 
our lives (lewis et al., 2001; rockström et al., 2009; Monastersky, 2015). a recent 
study, developed thanks to the contribution of several research centres, institutes and 
universities from all over the world (Steffen et al., 2015), highlighted the impact of 
human development on the earth System in terms of changes in biosphere integrity 
(ozone depletion, air pollution etc.), ocean acidification, biogeochemical flows 
(resources depletion, impact on biodiversity etc.), land‐system change (land degrada-
tion, solid waste impact etc.) and freshwater use (water pollution and scarcity).

as is well‐known, climate change is caused by the increase in the emissions of 
so‐called greenhouse gases linked to the use of fossil fuels, which have led to pro-
gressive global warming. in 650,000 years there have been seven ice ages, and the 
level of carbon dioxide has never exceeded 300 parts per million; since 1950 this 
threshold has been exceeded, reaching 400 parts per million in just a few years from 
now. global warming has increased significantly since the 1970s; this growth trend 
is dramatically demonstrated by the fact that the twenty hottest years ever recorded 
have occurred from 1981, ten of which in the last twelve years (naSa, 2015).

unless changes are made through the radical alteration of the lifestyles of the 
world’s population or through technological innovations capable of replacing the 
technologies that have the greatest impact or through policies aimed at limiting their 
use, it is estimated that emissions will double within fifty years, with irreversible 
consequences for the planet. Some scenarios (OeCd, 2012) estimate an increase in 
gas emissions that could reach a concentration of 685 ppm – parts of CO

2
- equivalent 

per million, which would cause an increase in the mean temperature of more than 
2.5 °C at the middle of the century and between 3 and 6 °C by 2100, with possible 
catastrophic consequences for many areas of the planet. if it were possible to sta-
bilise the concentration of gases below the threshold of 450 ppm, there would be a 
50% chance of limiting the increase in the average temperatures to 2 °C, producing 
significant, but manageable, effects in terms of climate change.

the impact of these changes, the majority of which are already visible, will manifest 
themselves in terms of the progressive desertification of large areas of the planet, con-
sequent deforestation, caused by the need to find new lands to cultivate, impact on 
biodiversity and the disappearance of many current species of flora and fauna.

Furthermore, the increase in the amount of polluting agents in the atmosphere, 
water and ground will have an increasing impact on the health of humans and  animals. 
Warming seas will also intensify extreme meteorological phenomena, such as 
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tornadoes and floods, the cost of which will be extremely high as measured in terms 
of human and animal lives, destruction of crops, impact on infrastructures and the 
flooding of extensive populated areas.

if most countries set themselves the objective of limiting the increase in average 
temperatures to 2 °C above the average temperatures registered in pre‐industrial 
times (unFCCC, 2010), current growth trends, although extenuated by the effects of 
the crisis, seem to exceed these values. the effects in terms of desertification, 
reduction of precipitation, increase in the number of hurricanes and other extreme 
meteorological phenomena would be felt more in the poorest areas of the world, 
which are located in the most exposed band of the planet, in medium and low lati-
tudes. the melting of the glaciers and the consequent raising of sea levels, would 
consume thousands of kilometres of coastline, atolls would disappear, and approxi-
mately 150,000,000 people living in cities and coastal settlements would be affected. 
according to some studies (Church and White, 2006), the sea level has already risen 
by about 17 cm in the last century, with an increase in the last decade of double the 
amount recorded in the previous hundred years.

the progressive deforestation of vast green areas and the increasing pollution of the 
soil and water resources, together with expected demographic changes, risk speeding up 
the evolution of the trends and the phenomena stated earlier and generating further imbal-
ances, which without widespread and decisive intervention, appear difficult to remedy.

the topics dealt with in this book, motivated by the knowledge that it is necessary 
to review operations and supply chain management processes in light of the impera-
tive of sustainability, constitute only one component of an ever more urgent and 
general need, which must be embraced and converted into coherent action, not only 
at the level of national and supranational policy, but also in the daily actions of com-
panies and their managers, and in the behaviour of consumers and all those that 
understand the importance of responsible behaviour.

1.4 Mega‐trendS and SuStainability

the scenarios and tendencies described previously may be accelerated or delayed 
and produce effects that are accentuated or mitigated by the parallel occurrence of 
other phenomena capable of significantly, if not radically, transforming the social, 
economic, political and cultural context in which people, companies and institutions 
will be forced to live and do business.

in particular, we are referring to trends and forces of change whose trajectory 
appears to be interconvertible  –  at least from the viewpoint of reliable fore-
casting – and capable of significantly modifying the framework of reference in which 
society develops. these trends, starting from the contribution of naisbitt, who 
defined a ‘megatrend as a general shift in thinking or approach affecting countries, 
industries and organisations’ (naisbitt, 1982, p. 3), have been given various names: 
Mega trends (naisbitt, 1982; naisbitt and aburdene, 1990; Singh, 2012), global 
Forces (McKinsey g.i., 2010), global Shift (dicken, 2003; 2012), global trends 
(Malnight and Keys, 2013), to name but a few contributions.
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regardless of the differing definitions offered, a common trait emerges: Megatrends 
are global, sustained and macroeconomic forces of development and transformation 
(Singh, 2012). in the pages that introduce the main theme of our work, by drawing 
attention to the most relevant ones, we will highlight how the aforesaid mega‐trends 
have a crucial impact on the topics described previously, as they are capable of aggra-
vating or extenuating the alarming trends of unsustainability we have summarised.

1.4.1 demographic evolution

as already mentioned, the current world population is estimated at approximately 7 
billion and is expected to grow to around 9.3 billion by 2050. according to recent 
estimations, the current population consumes approximately the equivalent of 
something between 1.5 and 1.8 planets of resources per year in terms of food, water, 
energy and other resources, and, given the current level of technological development 
and lifestyles, the destruction process of our natural resources will increase to two 
planets per year by 2030, growing to a little less than three planets by 2050. likewise, 
the impact on the planet in terms of pollution, waste and other negative effects will 
rise. the world’s population will grow (70% in less developed countries) at different 
rates depending on geographical area. in particular, it is estimated that China will 
remain almost stable, unless the effect of the recent abolishing the one child policy 
proves significant. europe and Japan will see reduction or stability in their popula-
tions, and there will be a significant increase in africa and india. the trends in terms 
of increases and decreases in population are linked, in addition to migratory 
 phenomena, to the fertility rate of the different countries. although different sources 
make forecasts that do not always coincide, the phenomenon of the progressive 
 ageing of the population in several countries, linked to the increase in life expectancy, 
shows incontrovertible trends. the number of people in the world aged over 60, is 
expected to rise from 510 million in 2011 to 1.6 billion by 2050 and to 2.4 billion by 
2100 (Malnight and Keys, 2013). the over‐65 population will double to 1 billion by 
2030, once again with a marked geographical difference. in european countries the 
phenomenon will be accentuated, increasing the problems of growth in labour pro-
ductivity and the sustainability of public spending linked to social welfare and health 
care. in general, in fact, older people save less, causing a decline in wealth 
accumulation and the consumption of more public spending. this fact, when faced 
with a progressive cut in public spending due to spending review policies, will offer 
many opportunities to private operators in many sectors linked to welfare that offer 
products and services dedicated to the ageing population. the working population, 
conventionally aged between fifteen and sixty‐five years old, started to shrink in 
europe and Japan in this decade, and it will shrink by 2020 in China too. by contrast, 
in some countries the number of young people will continue to grow. it is estimated 
in fact that, taking the global population into consideration, in 2015 there were 1.2 
billion youth (aged between 15 and 24); by 2030 the number of youth is projected to 
grow by 7%, to about 1.3 billion. nevertheless, even if asia remains the most rele-
vant region in terms of youth, the number of young people is projected to decline 
from 718 million in 2015 to 711 million in 2030 and 619 million in 2060. in contrast, 
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africa shows a strong trend: 226 million youth in 2015 (19% of the global population) 
with a projected increase of 42% in 2030 (undeSa, 2015). the impact of these 
trends on the capacity of the different countries to increase their growth rates is huge. 
it is enough to think that demographics alone explain 60% of gdp growth and 40% 
labour productivity growth (McKinsey g.i., 2010).

1.4.2 urbanisation

the demographic growth described previously is associated with other phenomena, 
namely growing urbanisation and migratory flows from rural areas to the global 
metropolises. Whereas at the beginning of the last century, a little more than 20% of 
the world population lived in cities and 30% in the 1950s, today this proportion has 
risen to more than 54%, and it is estimated that it could reach a level close to 60% by 
2030 and about 66% by 2050. Considering also that the total number of world inhab-
itants will grow by 30% between today and 2050, a total of approximately 6.5 billion 
people will be concentrated in vast urban areas (unpd, 2014). Some studies estimate 
a further acceleration of these trends, estimating urbanisation levels at 60% of the 
world population by 2025 (Singh, 2012).

this migratory flow, comparable to the urbanisation of the nineteenth century, but on 
a much larger scale, is leading to the creation and development of urban mega‐agglom-
erations, known as mega‐cities, and more extensive areas with high population density, 
creating mega‐regions and mega‐corridors. Mega‐cities, according to the definition of 
un habitat (2006), are urban agglomerations with more than 10 million inhabitants, 
such as tokyo, istanbul, Cairo, Mumbai, delhi, Mexico City, london, paris, Shanghai, 
peking, São paulo, rio de Janeiro, buenos aires, teheran, Calcutta, Jakarta, Manila, 
Moscow and Seoul. by 2025 there will be more than thirty‐five mega‐cities, the majority 
of which will be located in developing countries. it is also predicted that the first 
600 world cities will generate 60% of the world gdp growth by 2025 and the first 100 
approximately 35% of it. Of these 600, about 420 (about 70%) will be ‘emerging‐market 
mega‐ and middleweight cities’ that ‘together are likely to contribute more than 45 per-
cent of global growth from 2007 to 2025’ (McKinsey g.i., 2011). Mega‐cities like 
bogota and Seoul account for more than 50% of the gdp of their countries, and budapest 
and brussels for 45% (Singh, 2012). Mega‐regions with more than 50 million inhabitants 
are developing around these centres, consisting of a series of smaller cities and suburbs 
that are nonetheless strongly integrated with a mega‐city, such as those around pretoria, 
lagos or Kinshasa, or greater los angeles and new york City. in particular, the number 
of mega‐cities in old europe will remain very small, whereas its geographical 
concentration has produced areas that are characterised by high population density and 
the significant ability to produce wealth that may be compared to mega‐regions4.

4 this phenomenon has already been observed and analysed: for example, already at the beginning of the 
last century, amsterdam–rotterdam, ruhr–Cologne, brussels–antwerp and lille, with 59.2 million 
people and producing nearly $1.5 trillion in economic output or that of london–leeds–Manchester–
liverpool–birmingham combined, with about 50 million people and responsible for $1.2 trillion in 
economic output (Florida, 2008).
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Mega‐corridors are also being developed, or rather communication corridors  between 
mega‐cities, along which more than 25 million inhabitants settle, such as, for example, 
the hong Kong–Shenzhen–guangzhou corridors, which accounts for a population of 
120 million inhabitants within an area of 120 km, or the industrial delhi‐Mumbai cor-
ridor, which is estimated to reach more than 200 million inhabitants by the year 2025 
along its 1480 kilometres (Singh, 2012). these aggregates are the source of development 
of many nations, and will be even more so in the future, and at the same time they will 
be places of enormous and unacceptable inequality, with sections of the privileged 
population with immense wealth and much broader sections of the population seeking 
to survive, living within close proximity of one another. in many of these mega‐cities, 
between 20 and 70% of the population will live in slums, favelas and bidonvilles.

the described changes appear to be huge, as illustrated in the following examples 
(Sander, 2012).

 • São paolo–rio de Janeiro is a mega‐region with 43 million inhabitants.
 • new york has a gdp comparable to that of Spain and Canada.
 • ibadan–lagos–acra is an urban corridor extending for 600 km through nigeria, 

benin, togo and ghana, the economic engine of western africa.
 • Cape town is a 100 km large city‐region.
 • Mumbai‐delhi is an industrial corridor, which may reach 1500 km as it 

develops.
 • bangkok is a city region, which in 2020 is expected to expand for 200 km from 

its current centre, going beyond the current population of 17 million.
 • hong Kong–Shenzhen–guangzhou is a corridor hosting 120 million people.
 • tokyo alone represents almost 2% of the world gdp.
 • From beijing to tokyo, via pyongyang and Seoul, there is a 1150 km belt 

connecting at least 77 cities with a population of over 97 million people that 
actually merges four megalopolises of four different countries.

 • budapest represents almost half of hungary’s gdp.
 • brussels has a gdp percentage that is 4.4 times higher than the incidence of its 

population of belgium.
 • london has a gdp higher than that of Switzerland or Sweden.

1.4.3 emerging new consumers

the rise of developing countries (in asia, eastern europe and africa) is creating a 
new class of consumers, characterised by growing discretionary spending, but with 
different needs from consumers in the Western countries. this requires the ability 
to  adapt the offer and adopt lower‐cost business models. With reference to this 
phenomenon, several studies (McKinsey g.i., 2010) have already recently estimated 
the emergence of 300 million new middle‐class/upper middle‐class households, 
with a growth rate of 8% in ten years. in the upper‐middle category, which accounts 
for 40 million households, approximately 40% are from eastern european countries 
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and 20% from China. Within the range of a minimum annual income of $3200 
(lower‐middle‐class), and a maximum of $4400 (upper‐middle class), it is estimated 
that 864 million people, the equivalent of 62% of its population, will fall into this 
category in india alone by 2020, whereas China will see an increase in this band of 
the population from 65 million in 2005 to 949 million by 2020, russia will witness 
an increase of the middle‐class share of between 40 and 70% out of its population 
of 140 million by 2020 (Singh, 2012).

the increase in the number of these new consumers will have a significant 
influence on the offer models of all the companies involved in serving them (Court 
and narasimhan; 2010). it is not a simple case of adapting or localising products and 
services, but often a case of completely rethinking them, both from the point of view 
of their functional features, as well as their positioning and pricing in order to respond 
to an enormous demand, quantitatively speaking, with price/performance features, 
however, that differ greatly from those experienced by consumers in western coun-
tries. in low‐income markets it is therefore necessary to develop coherent product 
and distribution strategies that, for example, allow products also to be offered in rural 
areas with a modest population density and limited spending power. this, therefore, 
concerns making changes to product and distribution processes that may at times 
be radical, developing new business models, based on low prices, low margins and 
enormous volumes, aimed at the bottom of the pyramid (prahalad and hart, 2002; 
prahalad and hammond, 2002a; 2002). the development of these strategies makes it 
possible for economically sustainable results to be achieved only if a very high 
market penetration rate is reached. in many cases, distribution costs in rural areas are 
prohibitive and may counterbalance the margins generated by large economies of 
scale. in these situations, critical issues arise with regard to operating costs, distribu-
tion systems and the need to have local sales networks capable of developing the 
market through personal contact (Simanis, 2012). therefore, it seems that there are 
various options in terms of supply and distribution strategies: in the cases where a 
company has a pre‐existing logistics infrastructure that is designed to sustain other 
products aimed at richer market segments and where potential clients are aware of 
the purchase and usage models of the products and services offered, a distribution 
strategy based on low margins and high volumes may be sustainable. this possibility, 
together with the absence of costs for making customers aware of the product 
and teaching them how to use it, means that only the difference in costs linked to the 
distribution of the new products aimed at weaker segments of the market need to be 
covered. there are multiple examples of success stories, such as the Wheel deter-
gents distributed in india by unilever at a price that is 30% lower than the average 
price of its similar products or the case of Manila Water in the philippines. in contrast, 
if the company has to develop its own distribution logistics in rural areas, in which 
the scale is based on the individual village and it is necessary to educate the customer 
on the purchase and consumption process, it is often necessary to significantly 
change the company’s supply strategy. in this case a different option based on three 
elements is practicable, which are illustrated in detail by Simanis (2012), aimed at 
raising prices and margins and exploiting communication and training linked to the 
use of products. this option is based on:
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1. Localising and bundling base products, or rather creating products that can 
reduce variable costs through the options of postponement and increasing 
prices and margins thanks to a richer value proposition. On the one hand, 
this means offering a basic product whose final processing prior to sale is 
done as close to the target market as possible, such as in the cases of pack-
aging or bottling of detergents, the mixing of ingredients or the dilution of 
chemical elements for fertilisers, with the objective of exploiting low local 
labour costs. On the other hand, it involves proposing a sales bundle, 
offering more products, services and features in a single purchase, thus 
saving the consumer time and money, such as in the case of the sales bun-
dles of several personal hygiene products or home‐cleaning or multi‐
functional products. the idea of developing a family of products and 
reusing containers is the basis of the project developed in ghana by S.C. 
Johnson with the support of the bill & Melinda gates Foundation, which is 
aimed at low‐income consumers in two rural districts. On the one hand, the 
project focused on the concept of bundling, proposing several categories of 
products, such as insect control, home clearing and air care; on the other 
hand, it reduced distribution costs through the design of localised con-
tainers and filling systems.

2. Offering an enabling service, with the objective of sustaining pricing policies 
and higher margins and giving customers the knowledge and skills needed to 
maximise product features. Simanis (2012) quotes the case of Cemex, a 
Mexican company that supplies building materials to families, offering a ser-
vice that costs $14 a week to help them to maximise the use of the products and 
to build their own homes at a lower cost.

3. Cultivating customer peer groups, in order to reduce communication and 
training costs related to the use of the products, and even their design. the use 
of customers, located locally, who inform, demonstrate and sell is a practice 
that was successful during the 1960s and 1970s in europe and the united 
States. this policy is being successfully adapted and developed more and more 
often in emerging countries, allowing for low‐cost widespread market penetra-
tion based on direct contact among users, such as, for example, the case of 
p&g sanitary products in Mexico (hill, 2007) or the case of the distribution of 
pots and pans and kitchen utensils in india, or even the network of women that 
support the spread of grameen micro‐credit services in bangladesh (Simanis, 
2012). a different and more recent example is provided by the ChotuKool 
refrigerator, initially sold at less than $70 by the indian group godrej & boyce 
in Maharastra, co‐designed with the contribution of 600 women involved in 
different stages of its development, from concept development to the definition 
of its technical features and colour.

as clearly demonstrated in these brief notes, the development of these markets 
requires a complex rethinking of both the products and services on offer, as well as 
of underlying operations and supply chains.
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1.4.4 Smart technologies and the digital factory

it is estimated that by 2020 there will be more than 80 billion connected devices, 9 
billion mobile phones, 5 billion internet users and on average five connected devices 
for every individual, ten connected devices for every household and 500 devices with 
unique digital id per square kilometre (Singh, 2012). the incredible development of 
the connectivity phenomenon between different applications and devices – the result 
of the diffusion of the internet and new technology – will lead to the democratisation 
of information through collaborative platforms and knowledge‐sharing, based on 
already widely distributed social media. the new archetypes of co‐creation and 
knowledge‐sharing will have an impact on all sectors, expanding the potential of 
increasingly sophisticated but less expensive hardware. the arrival and incredible 
development of the internet has also led to the production and accumulation of enor-
mous quantities of data. it is estimated that 2.5 quintillion bytes are created every 
day, 90% of the total bytes have been created in the last two years, and that in the next 
decade the amount of information managed by companies will increase by a good 
fifty times (Malnight and Keys, 2013). the demand to acquire new ways of extract-
ing sophisticated information from this massive amount of data is leading to the 
development of new tools: analytics, capable of exploiting the information content of 
big data. at the same time, approaches concerning the co‐creation of information 
among consumers and making this information available through the development of 
knowledge‐sharing platforms in all fields will go through the roof.

the technological developments are also creating new waves of smart products5. 
think, for example, that ‘global smartphone penetration exploded from 5% of the 
global population in 2009, to 22% by the end of 2013. by 2017 more than a third of 
all people around the globe will be smartphone users’ (eagar et al., 2014, p. 15). take 
also, for example, the new solutions such as innovations in smart home products, the 
evolution of the first home automation projects, called domotica, based on sensors 
capable of setting and adapting room temperature and lighting depending on the 
presence of people in the building and external environmental conditions, or guiding 
the use of electrical appliances remotely; as well as devices that suggest diets or 
nutritional adjustments and sporting activities depending on the evolution of vital 
and biological parameters, using smart tracker bracelets or smartwatches or even a 
fork that controls the speed and pace with which we eat that vibrates if food habits 
are incorrect, sending data to a smartphone app in order to suggest corrective action. 
Smart technologies are starting to form a part of the everyday life of a growing 
number of people in many fields of application, from remote medical diagnostics to 
home automation and smart buildings, from electrical network control systems or 
new generations of automobiles to machine‐to‐machine control devices.

5 Smart products are products with an incorporated form of intelligence, made up of microprocessors, 
which allows them to connect to other devices, enabling two-way communication by transferring 
information in such a way as to allow them to modify their performance through corrective actions 
(Singh, 2012).
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the success of this technology has created an exponential increase in the demand 
for connectivity and integration between the operators and the various parties, ren-
dering the boundaries between competition and cooperation increasingly faint and 
stimulating the convergence of different industries.

With specific reference to the subject of this book, namely Operations and Supply 
Chain Management, the impact of iCt  –  information and Communication 
technologies on industrial processes has been translated into a series of revolutionary 
innovations that fall within what has been defined today as the ‘digital Factory’ 
or  ‘Manufacturing 4.0’ or ‘industry 4.0’ (lee et  al., 2013; brettel et  al., 2014). 
intelligence and connectivity, key features of the digital economy, are incorporated 
into equipments and machines defined as smart machines capable of interacting and 
cooperating with one another, producing and using a quantity of data and information 
flows that were unthinkable only a few years ago. according to a recent study 
(Manenti, 2014), new technologies supporting the digital factory are:

 • Systems capable of storing, computing and networking unstructured and 
 variable data, such as Cloud infrastructures, big data analytics, augmented 
reality software, a series of dedicated apps, for example 3d visualisation and 
simulation apps, which will enable business users to customise their business 
systems by downloading apps and integrating them in their it platforms.

 • Systems capable of enabling connections between objects, such as the internet 
of things (or cyber‐physical systems), or interconnecting devices equipped with 
intelligent systems, able to connect to the internet and to communicate with 
one another. this is a business area that is showing enormous growth potential: 
the worldwide market for internet of things is forecasted to grow from 1.9 trillion 
dollars in 2003 to 71 trillion by 2020 (eagar et al., 2014).

 • Systems capable of using the received information and processing it to produce 
goods, such as advanced robotics and additive manufacturing applications. 
the former are made up of machines capable of communicating and cooperat-
ing with other systems, and with one another, recognising parts, carrying out 
self‐maintenance and changeovers and so on, making optimised decisions 
thanks to embedded sensors and intelligent systems on‐board the machine. the 
latter, known as 3-d printers, are capable of producing complex pieces, with 
features that cannot be produced today, except for the assembly of components, 
such as, for example, pieces with internal cavities, thanks to stereolithography 
processes, laser sintering and coating processes applied to plastic materials and 
powdered metals.

 • Systems capable of guaranteeing the continuous traceability of data flows and 
data collection in real time, such as rFid applications  –  radio Frequency 
identification devices, mobile systems and the extensive use of well‐known 
technologies, such as 2-d barcodes.

another area that will certainly see very fast technological developments and 
applications that are useful to the farming, industry and service sectors is the use 
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of drones, which can be used for monitoring, mapping and analysing land and 
other areas, checking areas that otherwise are not easily accessible and possibly 
transporting light loads.

Furthermore, the innovations linked to autonomous Vehicles  –  also known as 
autonomous cars, self‐driving cars or robotic cars – may affect sectors like freight 
transport logistics and personal transportation in the future. the application areas of 
such technology are potentially enormous and are conditioned more by legal aspects 
linked to the safety of land and air transport and the requirement to think of compat-
ible infrastructures, than by the development of the underlying technology.

Moreover, from the perspective of consumer habits and purchasing patterns, 
models based on the so‐called Sharing economy are fast becoming more popular, 
such as the sharing of means of transport, holiday homes, or even actual produc-
tion structures. in this regard, take, for example, the popularity of the phenomenon 
of ‘makers’, based on sharing equipment, machineries and tools to produce 
 products, which are speeding up ‘servitisation’ processes (beuren et al., 2013; 
baglieri and Karmakar, 2014; lay, 2015), in which users substitute the purchase 
of goods with the purchase of their utility function. these trends have significant 
repercussions in terms of environmental and social impact, as they increase the 
rate of  saturation of the available  production capacities or the utilisation rate of 
existing goods,  limiting the creation of new ones and reinforcing sharing and 
solidarity phenomena.

1.5 Mega‐trendS, SuStainability and Supply 
chain ManageMent

the mega‐trends summarised here are only some of the most relevant examples of 
the many global forces that are remodelling the socio‐economic profile of our planet. 
these trends combine with one another, producing different effects: in some cases, 
the overlapping of these tendencies may generate an increase in the phenomena that 
threaten sustainability; in others they produce compensatory and mitigation effects 
that may minimise adverse impacts. it is enough to think that, as reported by bastein 
et al. (2013), it is estimated that the effects of urbanisation and changes in middle‐
class consumer habits, especially in developing countries, may lead to a tripling of 
consumption by 2050 (unep, 2011). take, for example, that in the twentieth century, 
due to the impact of population growth, the extraction of construction materials 
increased by a factor of 34, minerals by a factor of 27, fossil fuels by a factor of 12 
and biomass by a factor of 3.6 (unep, 2011). in contrast, it is to be highlighted that, 
as far as the quest for prosperity and the growth in population are concerned, these 
are inevitable trends that lead to an increase in consumption. however, technology 
and the growing attention paid to respecting natural resources have made great 
progress and will make even greater progress in future years. Just think, for example, 
that ‘the world economy used approximately 30% fewer resources in 2005 to pro-
duce one unit of gdp than it did in 1980’ (bastein et al., 2013, p. 4).
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limiting our discussion to the implications linked to Operations and Supply 
Chain Management, the subject of this book, the possible scenarios generated by the 
statements previously have been taken into consideration.

the combined effects of demographic growth, especially in developing countries, 
and the phenomenon of population concentration in mega‐cities, mega‐regions and 
mega‐corridors will give rise to a considerable increase in the demand for goods and 
services, starting from consumption goods, assessable in physical flows that have 
never been experienced before, with very important implications in terms of the 
supply chain, logistics and retailing. new procurement, transportation, storage and 
distribution models must be tested in order to be able to continuously and reliably 
feed the flow of goods from huge industrial areas to enormous consumption centres. 
likewise, it will be necessary to design sustainable solutions for efficiently supplying 
populations that live in scattered rural areas.

the effects of climate change, the progressive desertification of arable land and 
the simultaneous increase in the world’s population will strain the relationship 
 between the demand and supply of food, water, fuel and other materials, where only 
technological innovation, the dissemination of new methods for producing agro‐
foods and greater attention to conscious consumption will be able to achieve sustain-
ability. in this regard, investments in research and development and new technology 
aimed at increasing the productivity of agricultural cultivation and the reduction of 
waste in processing, preservation and distribution processes may be able to offset the 
deficit that is currently predicted.

the environmental impact caused by the growth in populations, their needs and 
their consumption, may be softened thanks to the development of clean technologies 
and the issuing of new environmental standards by supranational regulatory bodies. 
as far as the main subjects of this book are concerned, this will lead to the drafting 
of new methods for measuring the value created, or destroyed, by companies, sectors 
and nations, through the identification of metrics and key performance indicators 
(Kpis) capable of rating not only economic performance, but also the social and 
environmental impact of the managed processes.

new generations, called Z generations or digital natives, will partially make up for 
the loss in traditional occupations, thanks to the new opportunities offered by 
 connectivity, which will enable alternative forms of employment and lifestyles to be 
developed, compensating for the difficulties of inter‐urban mobility in mega‐cities. 
the pressure of the regulators and the increased sensitivity of the new generations 
towards the subjects of sustainability will lead to an increase in low‐impact urban 
mobility initiatives, such as the use of fleets of mini electric cars, car‐sharing plat-
forms, the tendency to purchase and consume green products and greater attention to 
more environmentally and social‐conscious behaviour. this will lead to an increase 
in waste separation systems and implicit requirements during product design and 
two‐way (forward and back) logistics flows (see Chapter 7).

the development of new technologies and the progression of connectivity trends 
will greatly increase the effectiveness and potential of instruments that have already 
been used today with success. in order to limit ourselves once again to the field of 
investigation of this book, take, for example, the potential of rFid – radio Frequency 
identification technology and satellite geolocation systems already in use today to 
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optimise the routing, tracking and tracing of transport and logistics flows, and their 
possible integration with information, which is becoming increasingly sophisticated, 
accessible with ease and cost‐effective. Or even the impact of 3-d printing, nowadays 
widely used for prototyping and also the production of parts in many sectors, such as 
aeronautics, which shows huge potential also from the perspective of economic and 
environmental sustainability; the use of additive manufacturing logics that makes it 
possible for waste and production leftovers to be minimised as only the material 
necessary for the manufacture of the product is used; the possibility of building spare 
parts on demand, for example, which reduces investments in stock and related risks of 
obsolescence and overproduction; the use of printed material in the proximity of users, 
which may contain the transportation costs of goods, reducing the connected environ-
mental impact; and the production of complex, lighter parts and cables that will  simplify 
several industrial processes, containing maintenance and production costs.

another area in which new technology will produce considerable increases in 
productivity that can contribute to reducing environmental impact is defined as 
precision Farming (Stafford, 2000; auernhammer, 2001; phillips et al., 2014). take, 
for example, the studies underway using machine‐to‐machine protocols for inter-
facing drones that use specific sensors to assess the areas on agricultural land that 
require more water or fertiliser. this information can be transmitted to tractors and 
farming machinery that can plough, water and fertilise the same field using satellite 
navigators and digital maps, optimising the use of scarce resources such as water, as 
well as minimising the use of fertilisers and consequently producing a higher level of 
efficiency and lower environmental impact. the use of drones with cameras or 
infrared optical tools also makes it possible today to map forest areas and to detect 
fires or areas susceptible to landslides or, with the use of computer tools, the levels 
of atmospheric pollution and air quality.

the growing complexity linked to globalisation, together with a greater under-
standing of the finiteness of the resources guaranteed by our planet, may lead to 
increasing conflict or, hopefully, forms of international cooperation between differ-
ent public and private stakeholders, as is already happening in many cases between 
consumer associations, producers and distributors, regulatory bodies and so on, such 
as, for example, the multiple local production and consumption initiatives, those 
linked to the recovery and redistribution of unsold products or, again, those linked to 
the minimisation of the environmental impact of waste and packaging. in this regard, 
efforts focusing on the design of reverse logistics systems, the recovery and use of 
products and their components to the end of their life cycle and design for environ-
ment logics, that is, products designed to have minimum environmental impact, will 
be intensified.

1.6 SuStainable developMent and corporate 
Social reSponSibility

the picture described here highlights how the topic of sustainability will be of 
increasing importance on all levels: in the choice of government policies and national 
and supranational regulatory bodies, in the managerial decisions of public and private 
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companies, in the actions of many not‐for‐profit organisations, in purchase and 
 consumption patterns and in people’s lifestyles.

the development of awareness in this important field has led, mainly, to the 
 different origin of the concepts of Sustainable development, which for the most 
part refer to environmental impact and attention to the ecosystem, and Corporate 
Social responsibility, which concerns guidelines on social matters for business 
managers. the two tendencies, however, have found elements of convergence 
and  integration over time, in the sense that CSr is becoming an important tool 
that  public actors and companies can use to pursue sustainable development 
objectives.

the most widespread definition of Sustainable development is, in fact, the one 
that refers to the possibility of promoting development by looking not only at 
current needs, but also future ones. More precisely, Sustainable development is 
defined as the:

‘development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs’ (brundtland, 1987, p. 54).

according to the Commission work, this definition contains within it two key 
concepts:

• the concept of needs, in particular the essential needs of the world’s poor, to which 
overriding priority should be given; and

• the idea of limitations imposed by the state of technology and social organization on 
the environment’s ability to meet present and future needs (brundtland, 1987, p. 54).

With reference to the ‘needs’ component, apart from increasing awareness of the 
topic of waste, consumer choices and methods for the use of goods, specifically in 
relation to food (food and water), which companies can certainly contribute to in 
terms of awareness and communication, little can presumably be done from a corpo-
rate perspective. With regard, on the other hand, to the subject of limitations, namely 
the development of technology, processes, products and practices that enable current 
limitations to be overcome, the responsibility of companies and institutions seems 
paramount. nevertheless, it is important to emphasise how empirical evidence has 
shown that the greatest environmental impact, and also social impact, occurs upstream, 
along the stages of the supply chain and during consumption, depending on the more 
or less conscious behaviour of the consumer/user. this evidence, within the context 
of this work, clarifies why, in addition to internal or ‘end‐of‐pipe’ checks carried out 
by the focal company dominating a supply chain, performing checks inside the entire 
supply chain becomes important, which, in general, occurs less and less frequently as 
one moves slowly upstream towards the extraction or cultivation of raw materials 
(tencati and pogutz, 2015).

in this regard, the role that the company ought to promote responsibly is that of 
developing business strategies, technology innovations and practices that enable 
business and sustainability objectives to be pursued together from a dual social and 
environmental perspective, in the interest of all stakeholders, in a broad sense and in 
the long term.



SuStainability and Future trendS 21

the increasing attention of society to the subjects of sustainability and sustainable 
development has led to progressive attention, also on the part of companies, to the 
integration of CSr – Corporate Social responsibility – objectives and practices in 
the formulation of their development strategies and their pursuit of objectives. the 
literature has coined several definitions of CSr, and there are numerous studies that 
have analysed the origins and evolution of the concept of sustainability over time and 
its implications on a corporate and public policy level (perrini et al., 2006). From 
among the many, keeping the aims of this book in mind, we will only dwell upon on 
a few, focusing on their basic elements, to be considered as an overall framework, 
within which the subjects of Sustainable Operations and Supply Chain Management 
can be developed.

• CSR is a concept whereby companies integrate social and environmental concerns 
in their business operations and in their interaction with their stakeholders on 
voluntary basis (eC, 2001, p. 6).

• CSR is the continuing commitment by business to behave ethically and contribute to 
economic development while improving the quality of life of the workforce and their 
families as well as of the local community and society at large (WbCSd, 1999, p. 3).

Whereas initial definitions, such as the one developed by the World business 
Council for Sustainable development (1999) or the one drawn up by the european 
Commission following the lisbon Summit of 2000, focused on clarifying the con-
cept of CSr, over time attempts have been made to place greater emphasis on its 
strategic implications and clear methods for the implementation of CSr practices. 
From the point of view of the policy maker, this translates into the possibility of 
pursuing three  priorities, namely the promotion of best CSr practices, giving 
credibility to CSr claims and the development of coherent public policies (perrini 
et al., 2006). From a corporate point of view, on the other hand, this translates into 
the imperative to integrate socially responsible objectives and conduct into the for-
mulation and implementation of business strategies and consequent business choices.

More recently the european Commission (2011) produced a new definition of 
CSr, as the responsibility of enterprises for their impacts on society. in the same 
document the Commission specifies:

Respect for applicable legislation, and for collective agreements between social part-
ners, is a prerequisite for meeting that responsibility. To fully meet their corporate 
social responsibility, enterprises should have in place a process to integrate social, 
environmental, ethical, human rights and consumer concerns into their business oper-
ations and core strategy in close collaboration with their stakeholders, with the aim of:

• maximising the creation of shared value for their owners/shareholders and for their 
other stakeholders and society at large.

• identifying, preventing and mitigating their possible adverse impacts’ (eC, 2011).

it is within the framework of this definition that the interaction between business, 
environmental and social objectives is discussed next, with specific reference to the 
role played by Operations and Supply Chain Management.
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1.7 the developMent of SuStainable objectiveS 
froM the triple bottoM line perSpective

Sustainability objectives therefore refer to three performance levels, defined as the 
triple bottom line (elkington, 1994; 1997; Kleindorfer et al, 2005; pagell and Wu, 
2009; pagell, Wu, Wasserman, 2010; gimenez et al., 2012), or the 3p, illustrated in 
Figure 1.1, which each company must try to jointly maximise:

 • Profit: expression of the performances that lead to economic and financial 
 sustainability and its development prospects in the medium to long‐term.

 • Planet: refers to the performances that guarantee environmental sustainability, 
in terms of environmental protection and the overall impact of the business on 
the environment.

 • People: connected to the performances that measure the social impact of the 
business, in terms of social equity and cohesion, economic prosperity and the 
protection and promotion of fundamental rights.

unfortunately a deep‐rooted vision in several business contexts may be in contrast 
with these objectives, a vision that presumes that the maximisation of profit may 
justify paying less attention to the subjects of environmental and social sustainability, 
as well as to conduct that does not respect these imperatives. the trade‐off between 

P
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figure 1.1 3ps and triple bottom line.



SuStainability and Future trendS 23

these objectives must, however, be rejected, first of all for ethical grounds and, 
 second, by extending the scope of the analysis of the results attainable by each 
company, with reference to both the time frame of the aforesaid results subsequent to 
managerial or public policy decisions and the type of stakeholders that the achieved 
results are measured against.

if economic and financial sustainability is the main objective of value creation and 
it is connected to the interest of shareholders, the support of the other two sets of 
performances, linked to environmental and social sustainability, extend the ultimate 
purpose of the company to all stakeholders, be they current or future, with the objective 
of guaranteeing an overall quality of life on the planet and fairness in standards of 
living in terms of time and space:

 • In space, in terms of the better distribution of the value created between more 
fortunate populations, located in the areas that, although representing a minority 
(20%) of the world population, absorb far greater wealth (80%) and the remain-
ing part that find it hard in many cases to reach the threshold of survival.

 • In time, with reference to the need to guarantee intergenerational equity, 
offering future generations the same opportunities that are offered to those of 
today’s generations and progressively encouraging balance in all forms of 
growth and development.

in this regard, economic and financial sustainability must not only refer to the 
economic entity capable of producing it, that is, the company, but to society as a 
whole, which, by hosting and interacting with it, contributes to its creation and must 
therefore benefit from it. the concept of the triple bottom line therefore refers to 
broad objectives, which must be summarised nevertheless using performance, metrics 
and specific indicators, as will be described in Chapter 8. From this point of view, the 
interdependence of the economic and financial, environmental and social profiles of 
sustainable development recurs in many models and guidelines developed to support 
companies and institutions in the implementation of best sustainability practices.

1.8 SuStainability: the reaSonS why

the main advantages of an approach oriented towards sustainability are ascribable to 
Sanders (2012):

 • Financial pay‐offs, connected to the possibility on the one hand of reducing 
business costs, administrative costs and invested capital and, on the other hand, 
increasing returns and market appreciation.

 • Consumer‐related pay‐offs, linked to the ability to increase customer satisfac-
tion, market share and the reputation of the company, as well as developing 
product innovation and new business development.

 • Operational pay‐offs, connected to process innovation, aimed at increasing 
 productivity and the yield of the used resources, reducing process times and 
minimising waste.
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 • Organisational pay‐offs, deriving from increased employee satisfaction, better 
relationships with stakeholders, the reduction of risk and interventions of 
regulatory bodies, and an increase in organisational learning.

the possibility of obtaining these benefits depends on the ability to jointly and 
deliberately pursue economic, environmental and social sustainability objectives, 
as   mentioned in reference to the triple bottom line. the drivers that may lead a 
company to increase its compliance with the principles of sustainability differ from 
one another, even if overlaps among them can be found. in particular, a distinction 
can be made between the various reasons, examples of which are given next in 
 reference to the area being examined in this book (Fiksel, 2012; Sanders, 2012):

 • Legal reasons: in many national and supranational contexts, laws and regula-
tions that impose consistent behaviour and that sanction elusive or illegal 
behaviour are drafted. For example, with regard to environmental impact, there 
are regulations that impose the use of systems to reduce polluting emissions, 
such as filters, catalysers and other equipment or those that prohibit the use of 
materials that are toxic and dangerous for health and the environment, such as 
asbestos, Freon gas and plastic packaging waste. Similarly, with regard to 
social impact, there are laws that are aimed at resisting forms of social dumping 
and child labour, those that impose the installation of protective systems for 
accident prevention in the workplace or alarm and isolation systems in the 
event of toxic gas leaks or leaks of radioactive substances. these regulations 
are mainly aimed at preventing the risk of occurrences that may cause damage 
to people or the environment or that may create situations of social injustice 
during the design of a production and logistics system (industrial assets used, 
such as buildings, systems, machinery, storage and transportation systems) 
and  the processes and practices that may be adopted within them (safety 
 procedures, accident prevention regulations, laws that protect workers etc.). 
alongside these are the laws and regulations aimed at guaranteeing the moni-
toring of system performance (measurement of polluting emissions, character-
istics of waste water etc.), the use of appropriate input (materials, energy, 
labour etc.), the maintenance and adaptation to new system standards, as well 
as the communication of these regulations and training of workers. Over time, 
the regulatory bodies have progressively acknowledged the urgency of respon-
sible behaviour and have expanded the regulatory framework regulations and 
inspections in this field.

 • Compliance reasons with regard to specific certifications and accreditations: 
a second reason originates from the will of the company of its own accord to 
respect the regulations issued by certification or accreditation bodies, such as 
iSO standards. in this case the choice to adapt behaviour and internal processes 
to the regulations of the aforesaid systems may be due to competitive opportu-
nities, such as the need to possess certain certificates in order to be admitted to 
the supplier portfolio of certain clients, or to participate in tenders or, even, to 
obtain licences in order to set up business in certain areas or countries. in other 
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cases, it concerns adapting to industry practices or using the visibility linked to 
certifications and accreditations for internal and external communication 
 purposes, the revision of internal processes aimed at improving quality or recov-
ering efficiency, or for the actual practical implementation of boosting values 
and ethical motivations. in these cases, the compliance choices are used to pursue 
objectives that can be classified in one of the three categories stated next:

 ⚬ Reasons connected to relationships: with particular reference to the 
community of stakeholders. the need to maintain high levels of reputation in 
the markets, to encourage dialogue with local governments or the workers’ 
or consumers’ representatives, especially in the case of companies exposed 
to greater environmental and social risk, may force the top management of 
the company to set up sustainability projects. From this point of view, many 
companies develop codes of conduct and systems for measuring and report-
ing their sustainability performance, inspired by the principles of transpar-
ency and accountability. this the case, for example, of the Sustainability 
reporting guidelines released by the gri – global responsible initiative, 
or, in the field of education the prMe  –  principles of responsible 
Management education.

 ⚬ Reasons linked to profitability opportunities: in many cases setting up sus-
tainability projects is accompanied by clear objectives to increase economic 
and financial performance, through actions that may reduce costs or increase 
returns, such as, for example, investments in clean technology that reduces 
energy consumption or replaces conventional energy sources with renewable 
sources or has low environmental impact, or design for logistics and design 
for packaging choices, aimed at minimising or rationalising packaging in 
order to increase the value density of transported goods and consequently 
reducing transport flows.

 ⚬ Ethical or values‐based reasons: these concern initiatives that start ‘from the 
bottom up’, that is, from the community of employees or the sensitivity of 
top management. they often involve projects that are created from the will of 
enlightened entrepreneurs and managers, aware that success also comes from 
the opportunities offered by the community and who want to give something 
back. the cases of companies that invest in company welfare through the 
setting up of day‐care facilities for the children of their employees, the distri-
bution of incentives and bonuses (e.g. practices of matching funds) linked to 
sustainability projects, the financing of works and promotion of donations 
for the local community, the creation of foundations for social or cultural 
purposes or environmental recovery, the involvement of employees in philan-
thropic projects, or the provision of their know‐how in kind for not‐for‐profit 
organisation initiatives, are become increasingly frequent.

it goes without saying that the reasons stated here, far from being secluded, often 
mix, overlap and reinforce one another, resulting in sustainability projects and 
models each with their own unique character and effectiveness.
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in summary, the adoption of sustainability models in corporate environments may 
therefore be due to voluntary compliance or compulsory obligations and may have 
internal or external origins, as illustrated in Figure 1.2.

 • the first case – Enforcement –  refers to an external and binding obligations 
linked to laws and regulatory requirements on environmental and social respon-
sibility imposed by regulatory bodies or national or supranational governments, 
such as, for example, the eu 2001 polluter pays principle asserting that who 
pollutes pay (OeCd, 2002), the extended producer responsibility, affirming 
that the producer is responsible for the product throughout its entire life cycle 
(OeCd, 2001), the Weee directive  –  Waste electrical and electronic 
equipment (goodship and Stevels, 2012), which requires each nation to set 
collection, recycling and recovery targets for electronic products or the rohS, 
restriction on hazardous Substances, to phase out the use of lead, mercury, 
cadmium, hexavalent chromium and other toxic materials, as well as the related 
variations to these regulations in the different countries of the european union. 
With reference to social sustainability, the labour standards and the legislative 
body promoted by ilO – international labour Organisation – on the prevention 
of child labour and all forms of discrimination is a prominent example.

 • the second case – Compliance – originates from the voluntary choice of a 
company to comply with practices and models generally linked to sector cer-
tifications or accreditations with bodies that propose environmental and social 
responsibility systems, such as, for example, voluntary compliance with the 
family of iSO 14000 standards and the eMaS certification – eco‐Management 
and audit Scheme regarding the requirements for appropriate environmental 
management, or the Sa 8000 certification concerning the voluntary universal 
standard for companies interested in auditing and certifying social performance, 
or even the ghg – greenhouse gas reporting program created by the u.S. 
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figure 1.2 Origins and approaches in the development of sustainability projects. Source: 
Sanders 2012. reproduced with permission of John Wiley & Sons.
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epa – environmental protection agency – and so on. as already mentioned, 
more and more  frequently companies are undertaking to develop codes of 
conduct inspired by the guidelines of third parties, such as, for example, the 
gri – global reporting initiative – which has developed guidelines relative 
to labour rights and decent work practices, human rights, society and product 
responsibilities, or the standards promoted by the united nations and the 
CedaW  –  Convention on the elimination of all Forms of discrimination 
against Women.

 • the third case – Innovation and Values – is based on a voluntary choice of the 
company and is inspired by internal reasons linked to improvement objectives 
in terms of internal efficiency or external visibility and presence on the market, 
or again, as has already been stated, by choices based on basic ethical values. 
this is the case in companies that set up process innovations aimed at reducing 
polluting emissions or energy consumption, or product innovations to reduce 
the use of toxic materials, or management innovations, such as, for example, 
vendor selection methods that take the environmental and social practices of its 
suppliers into account, or projects linked to company welfare or philanthropic 
investments.
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2
SuStainable operationS 
and Supply chain management 
aS competitive factorS

2.1 introduction

Barilla is an international Group that operates in the food sector. It is a world 
leader in the markets of pasta and ready‐to‐use sauces in continental Europe, 
bakery products in Italy and crispbread in Scandinavia. Respect for princi-
ples and values that are consolidated but that can be renewed over time, HR 
management as a key asset, and production systems that are cutting‐edge in 
terms of output and sustainability have made Barilla one of the world’s most 
highly respected food producers, a byword for Italian knowhow. In 2014, with 
more than 8130 employees worldwide and investments amounting to 155 million 
euros, the Group has reached a turnover of 3254 million euros, selling 1821 
thousand tonnes of product. Barilla has a global presence attested by 26 head-
quarters and 30 production sites. Approximately 50% of its sales are in Italy; 
almost 30% in Europe; 17% in the Americas and approximately 5% in Asia, 
Africa and Australia.

Barilla Group has an ambitious aspiration: to double its business while con-
tinuously reducing its footprint on the planet and promoting wholesome and joy-
ful food habits. To this end, it has chosen five strategies to ensure success:

1. Be the number one choice of brand and product: Nurture people’s taste, 
mind and heart; Build iconic brands that create meaning and sense of 
belonging; Commit to product quality, sustainability and safety from field to 
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consumption; Innovate towards further accessibility, convenience, afford-
ability, local adaptation and better nutrition.

2. Win in the marketplace: Persistently foster expansion in the emerging markets 
through a winning and adaptive model; Achieve a ruthless in‐market execu-
tion, putting customers, shoppers and consumers first; Build win‐win part-
nerships with our current and future customers to better serve our shoppers; 
Simplify the business for the customer and the choice for the shopper.

3. Drive continuous improvement: Relentlessly enhance our competitiveness, 
with increasing levels of efficiency, simplification and agility; Be recognized 
as preferred supplier by our customers.

4. Only one way of doing business ‘Good for You, Good for the Planet’: 
Care for the present and future wellbeing of people, the Planet and 
the company in everything Barilla does, from field to consumption; 
Encourage open, transparent and caring partnerships with the commu-
nities in which Barilla operates.

5. Proudly be the Barilla people: Be the ambassadors of Barilla’s identity, 
values and food culture; Be a great company to work for, promoting diver-
sity and a balanced sustainable lifestyle; Foster empowerment, commit-
ment, results‐oriented leadership and accountability.

What the world calls ‘sustainability’ is for Barilla a unique way of doing business: 
‘Good for You, Good for the Planet’.

Several of the 2020 goals defined by the Barilla Group are:

‘Good for You’

 • 100% of Barilla’s product volume aligned to the most up‐to‐date standards 
for quality and food safety proven by external certification bodies (currently 
98.5% of Barilla’s product volume).

 • Raise the global volume of products in line with Barilla’s Nutritional 
Guidelines from 70% to 90% (currently 85.5% product volume sold).

 • Offer people scientifically relevant information on food and nutrition 
through brand activities (currently 80% of websites contain nutritional 
facts and 53% of websites presenting Barilla products provide suggestions 
for a healthy lifestyle.

‘Good for the Planet’

 • 100% of Barilla products in the lower section of the environmental pyramid 
(currently 93% of Barilla products).

 • Reduce CO
2
 emissions and water consumption in the production process 

by 30% per ton of finished product compared to 2010 values (currently 
reduction of CO

2
 emissions and water consumption by 20% per ton).

 • 100% of strategic raw materials purchased responsibly (currently 6% of 
strategic raw materials).
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the case in the introduction illustrates how the barilla group, in the creation of its 
vision and development strategy, integrates ambitious business goals and sustain
ability goals, reflected in the values of the company and its characteristics. the 
motto ‘good for you, good for the planet’, which has been accompanied in recent 
years with ‘good for the communities’, aims to convey both within and outside the 
company that its growth and profitability goals are strictly interdependent on the 
goals of attention to the individual and the planet, in line with the orientations cited 
in the triple bottom line. in a manufacturing company like barilla, these objec
tives are found in all company processes and, in particular, in operations and supply 
chain management. it is evident how the values linked to sustainability translate 
into goals and performance targets that take on the same importance as those of 
profit and business, and how the choices linked to company processes are always 
made taking the environment, people and the community of stakeholders into 
consideration.

this chapter, therefore, will start with the analysis of relevant scientific literature, 
first of all it will illustrate the traits qualifying and differentiating the areas investi
gated here – operations, logistics and Supply chain, their management profile and 
the elements that characterise their role in the pursuit of sustainability goals. then, it 
describes the crucial subject of the strategic alignment of corporate and functional 
strategies, the decision‐making process arising from strategic choices, the concepts of 
order qualifiers and order winners and the role of management in controlling opera
tions and supply performance in the creation of competitive advantage. in the second 
part of the chapter, we will go into more detail on several relevant aspects of 
Sustainable operations and Supply chain management, proposing a framework of 
analysis that enables the impact of economic, environmental and social sustainability 
profiles of the decision‐making process made along the phases of an ideal product life 
cycle and the role of the players inside and outside the supply chain involved in these 
phases. the chapter concludes by illustrating how each of the different components 
of the proposed framework are expressed and analysed in detail in the following 
chapters of this book.

‘Good for the Communities’

 • By 2020 Barilla will promote the inclusion of people through programs for 
access to food, educational projects and the promotion of diversity.

 • Increase the number of farms involved in projects that improve the 
 competitiveness of local agriculture (currently about 1000 farms).

 • Promote the social inclusion of people in need through food donations, 
social projects and support in the event of emergencies (Currently more than 
2000 tons of products have been donated in the world).

Source: barilla group, 2015, www.buonopertebuonoperilpianeta.com, accessed 
10 august 2015.
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2.2 operationS, logiSticS and Supply chain management 
in manufacturing and Service induStrieS

as introduced in the previous chapter, the pursuit of sustainability goals means that 
decisions must be made on both a macro level, in terms of policies and regulations, 
as well as on a corporate level, from the perspective of strategy and management 
choices. in this book, we have decided to take a corporate view in order to offer 
 useful reflections aimed at the promotion of responsible choices, by designing 
and managing systems capable of jointly pursuing the economic, environmental and 
social sustainability goals.

Special attention in particular is paid here to the areas most closely connected to 
operations management, namely the company processes that govern the design, pro
duction and distribution of goods and services. From this perspective, the activities 
carried out within each individual company become relevant, as well as those 
connected to interaction with any other companies involved, through different levels 
of cooperation, collaboration and partnership (Secchi, 2012) with the aim of satisfying 
the final customer. this goal is pursued by different functions and processes linked to 
the management of the physical flow: by operations in the management of intra‐
company processes and by logistics or the Supply chain in inter‐company relations.

even if the topics of operations, logistics and supply chain have become increas
ingly relevant in the current economic environment, it is widely believed both in 
practice and in literature that there are multiple interpretations and definitions of 
these concepts (monczka et  al., 1998; cox et  al., 2001; mentzer et  al., 2001, 
Kathawala and abdou, 2003; Quayle, 2003; Simchi‐levi et al., 2003; mentzer, 2004; 
chopra and meindl, 2007; Sanders, 2012). although it is not the aim of this work to 
go into the details of this debate, it is necessary to explain the standpoints from which 
the subjects dealt with in the following chapters have been arranged and analysed. 
to this end, it is appropriate to make some preliminary remarks on how the different 
definitions found in literature do not always coincide. Without being exhaustive, first 
of all we will examine some of the most relevant definitions of Operations, Logistics 
and Supply Chain, and then we will take a closer look at the main implications of 
these definitions in terms of management, including those linked to the subject of 
sustainability, which will be dealt with next. Figure  2.1 shows the proposed path 
of analysis presented in the following pages.

Operations is the business function responsible for producing a company’s goods and 
services in an efficient and cost‐effective way. It is the function responsible for trans-
forming a company’s inputs, obtained by sourcing function, into finished goods and 
services, which marketing sells to final customers (Sanders, 2012, p. 123).

this function oversees a complex system of means, labour, machineries, resources 
and knowledge defined as the operations System, which exchanges information 
physical and financial flows, interacting with other business units.

Operations Management, according to several well‐known definitions, ‘is the 
activity of managing the resources which are devoted to the production and delivery 
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of products and services’ (Slack et al., 2007, p. 4) or ‘the management of the processes 
that produce or deliver goods and services’ (greasley, 2006, p. 5), or, even,

is responsible for planning, organizing, and managing all the resources needed to 
 produce a company’s goods and services. This includes people, equipment, technology, 
materials and information (Sanders, 2012, p. 123).

in other words, the main task of operations management lies in the organisation 
and management of processes that guarantee the transformation of input – resources 
made up of materials and information, as well as, in the case of services, the cus
tomers themselves (input to be transformed), and machines, personnel and methods 
(input for transformation) – into output consisting of goods, services and operating 
conditions. transforming input into output does not simply mean transforming 
leather into shoes, cotton into shirts, metal into pans or, in the case of services, a 
patient into a healthy person or, even, a hungry customer into a satisfied one; it also 
means doing this by offering the market goods and services using processes that 
enable them to be purchased and consumed efficiently and effectively. Such condi
tions refer to time, cost, quality and other performances that accompany the manu
facturing of a good or the provision of a service that are an integral part of the value 
transferred to the customer. Furthermore, positive or negative outcomes generated by 
a production system, often overlooked or defined as an ‘externality’, are associated 
with the product or service offered: for example, employment, creation of wealth, 
reuse of recyclable materials and reduction of environmental impact among the 
positive ones; unemployment, pollution and destruction of resources and practices 
that are disrespectful to the rights of workers among the negative ones. this book, 
although focusing on operations and Supply chain management choices, will also 
look at the need to integrate these fundamental aspects into the set of corporate goals.

the more a company has to increase the level of collaboration with other players 
located upstream and downstream in managing its business, the greater is the need to 
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figure 2.1 the proposed path of analysis.
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extend responsibility and coordination along the supply chain and its main actors, 
which contribute to the value creation for the final customer. these actors can be 
suppliers, subcontractors or other manufacturing, commercial and services‐providing 
companies, which operate by exchanging physical, information and financial flows, 
interwoven with the different players belonging to several supply chains.

as mentioned, not all companies need to design units to oversee these inter‐
organisational processes, even if the growing technological complexity, as well as 
the increasing variety and variability of the products, the vertical disintegration of 
processes and the globalisation of markets today lead the majority of companies to 
review and extend their collaborative networks. in some cases, in fact, where the 
level of integration with upstream suppliers and the downstream companies is limited 
and relatively straightforward, it is often sufficient to set up the supervision of an 
Operations Management Function, focused on the coordination of internal processes, 
and of some logistics responsibilities interacting upstream and downstream. on the 
other hand, if the level of integration between the players placed upstream and down
stream is high and is characterised by close coordination or collaboration, frequently 
a Supply Chain Management Function is set up to oversee inter‐company processes. 
therefore, in some cases, characterised by a low level of integration with upstream 
and downstream partners, the goal of sustainability, like other specific company 
goals, is mainly an internal concern and can have a significant impact on the choices 
to be made by operations. this can be the case of a steelworks that needs to guar
antee the safety of workers and to keep harmful emissions within legal limits – it can 
manage these problems by focusing mainly on its internal operations. in other com
panies, where the level of integration with external players is more complex, 
operations become an element constituting the most extensive Supply chain, which 
must be managed with a view to coordination and unity, also in the light of the imper
ative of sustainability. this is the case, for example, in companies that operate in 
manufacturing sectors, such as in the clothing, footwear or mechanical industries, in 
which outsourcing choices expose the companies to the risks of social dumping by 
suppliers and subcontractors and of environmentally unfriendly practices to be dealt 
with responsibly by the focal company.

as already mentioned, companies that extend the scope of management influence 
to other upstream and/or downstream players along the supply chain, through the 
orchestration of inter‐company processes and with the goal of creating value for 
the final customer, generally define the responsibilities for the coordination of the 
entire network of players underlying the supply chain concept. by analysing some of 
the many definitions given in literature, it is possible to understand the scope of the 
concept of supply chain and, consequently, the extension of the responsibilities 
assigned to Supply chain management. in fact, Supply Chain means ‘the network of 
organizations that are involved, through upstream and downstream linkages, in the 
different processes and activities that produce value in the form of products and ser
vices in the hands of the ultimate consumer’ (christopher, 1998, p. 15). consequently,

Supply Chain Management is the integration of key business processes from end user 
through original suppliers that provides products, services, and information that add 
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value for customers and other stakeholders (cooper et al., 1997, p. 2; lambert et al. 
2006, p. 21).

it is also defined as

The management of a network of relationships within a firm and between interdependent 
organizations and business units consisting of material suppliers, purchasing, produc-
tion facilities, logistics, marketing, and related systems that facilitate the forward and 
reverse flow of materials, services, finances and information from the original producer 
to final customer with the benefits of adding value, maximizing profitability through 
efficiencies, and achieving customer satisfaction (Stock and boyer 2009, p. 706).

having clarified the difference between operations and Supply chain 
management, it is now necessary to define Logistics and Logistics Management, 
which are often used as synonyms of Supply chain and Supply chain management. 
in business practices, in fact, there is not always a clear distinction between the 
Supply chain management and logistics management functions. Since different 
interpretations are given also in literature (naslund and Williamson, 2010), in the 
following we have adopted the view of those who have emphasised the differences 
between logistics and the supply chain, among whom Sanders (2012), who states:

 • Supply chain is the network of all entities involved in producing and delivering 
a finished product to the final customer. This includes sourcing raw materials 
and parts, manufacturing, producing and assembling the products, storing 
goods in the warehouses, order entry and tracking, distribution and delivery to 
the final customer (p. 3); and that

 • Logistics is the business function responsible for transporting and delivering 
products to the right place at the right time throughout the supply chain. In 
essence it is about movement and storage of product inventories throughout the 
chain (p. 179).

because there are various opinions on the differences or overlaps between the 
concepts of logistics and the Supply chain, a debate on the differences or overlaps 
 between the concepts of logistics management and Supply chain management has 
emerged from an organisational and management perspective. over time, however, 
the prevailing opinion has agreed that logistics is a relevant component of the broader 
concept of the supply chain. in particular, Logistics Management refers to activities 
carried out in a single company, from our perspective the focal organisation, and the 
management of its inbound and outbound flows of goods, services and related 
information. these flows are managed so as to create value for the dominant player, 
or rather, as expressed by mentzer (2004, p. 4) are ‘focused on what we call the focal 
organization…’. in  contrast, Supply Chain Management pursues goals from the 
 perspective of all the players involved in the supply chain, or rather,

1this definition is taken from the one developed by the study coordinated by lambert (1994), at the 
international center for competitive excellence, university of north Florida, which then transferred to 
ohio State university with the new name the global Supply chain Forum.
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‘Supply chain management is the systematic, strategic coordination of the traditional 
business functions and the tactics across these business functions within a particular 
company and across businesses within the supply chain, for the purposes of improving 
the long‐term performance of the individual companies and the supply chain as a 
whole’ (mentzer et al., 2001, p. 22).

another element that distinguishes the two concepts is the heterogeneity of the 
business processes embedded in the concept of supply chain management, including 
those most specifically assigned to logistics functions. in this regard, in our opinion, 
the analysis proposed by cooper et al. (1997) is still convincing; in their review of 
specialist literature they observed that ‘it is unclear what specific characteristics 
 differentiate the two disciplines’ and again ‘for many the contemporary under
standing of Scm is not appreciably different from the understanding of integrated 
logistics management, however broadly logistics is defined’ (p. 4). Starting with the 
consideration of the weakening of the functional differences, to the advantage of 
organisations that are becoming more and more oriented towards processes, and the 
increasing importance of all the business processes that go beyond intra‐ and inter‐
company confines, cooper et al. stated: ‘the new vision of Supply chain management 
ideally embraces all business processes cutting across all organizations within the 
supply chain, from initial point of supply to the ultimate point of consumption’ (p. 5). 
in the proposed framework of Supply chain management, several logistics activities, 
such as order fulfilment, manufacturing flow management and procurement, are 
either business processes or components of the more extensive concept of Supply 
chain management, which also includes other relevant business processes, such as 
customer relationship management, customer service management and product 
development and commercialisation.

in order to explain the differences between the two definitions and the scope of 
each one of them, a useful contribution was recently offered by the cScmp – council 
of Supply chain management professionals, according to which:

• Logistics Management is that part of supply chain management that plans, imple-
ments and controls the efficient, effective forward and reverse flow and storage of 
goods, services and related information between the point of origin and the point of 
consumption in order to meet the customers’ requirements (cScmp, 2012).

• Supply Chain Management encompasses the planning and management of all activ-
ities involved in sourcing and procurement, conversion, and all logistics management 
activities. Importantly, it also includes coordination and collaboration with channel 
partners, which can be suppliers, intermediaries, third‐party service providers, and 
customers. In essence, supply chain management integrates supply and demand 
management within and across companies (cScmp, 2012).

in brief, and this is the view taken later in this book, it can be said that logistics 
management is to be understood as a subset of Supply chain management, in three 
different respects:

1. the horizontal extension of the sub‐processes controlled by the function, 
which, in the case of logistics management, include mainly the effective 
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and  efficient management of physical flows and the related information 
flows between the individual players, both upstream and downstream, that 
interact with the focal company. in the case of Supply chain management, 
on  the other hand, this is extended beyond, connecting all the possible 
players  involved along the supply chain and improving their long‐term 
performances.

2. the uniqueness or the variety of players in the interest of whom goals are 
pursued, be they cost or profit goals or even others. in the first case the choices 
to optimise the objective function refer to the focal company, whereas in the 
case of Supply chain management the pursuit of goals refers to all the players 
involved in the supply chain.

3. the structure and complexity of the business processes underlying the area of 
responsibility, which in the case of logistics management refers mainly to 
forward and reverse flows in terms of transportation, storage and the other 
activities closely linked to these, such as handling or some logistics post
ponement operations, and so on. in contrast, in the case of Supply chain 
management, other key processes, such as new product development or 
 customer relationship management, are also included.

therefore, with reference to both operations, logistics and Supply chain 
processes, and to reverse flows, which are just as important from a sustainability 
perspective (namely reverse logistics and the closed‐loop Supply chain  –  see 
chapter 7), we will adopt the distinction explained earlier, which defines operations 
management as activities referring to intra‐company flows, and Supply chain 
management as those referring to inter‐company exchanges, within which the sub
ject of logistics management is found, as a specific subset, mainly dealing with 
transportation and storage activities. With reference, in particular, to the management 
of physical flows and the connected information flows, the relation between the three 
concepts – operations, logistics and Supply chain management – is exemplified in 
Figure 2.2.
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figure  2.2 Fgc operations, logistics and Supply chain management and the 
development of the management of physical flows.
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2.3 operationS, Supply chain management 
and competitive advantage

2.3.1 Strategic alignment

operations and Supply chain management decisions must be aligned with strategic 
business choices, which represent ‘the direction and scope of an organization over 
the long term: ideally, which matches its resources to its changing environment, and, 
in particular, its markets, customers or clients so as to meet stakeholder expectation’ 
(Johnson et al., 2008 p. 3). the process of strategy formulation generally goes in a 
top‐down direction and is carried out along three levels – corporate, business and 
function – where goals become more and more specific (greasley, 2006, p. 27):

1. on the first level, corporate, the long‐term goals and guidelines for the entire 
organisation, frequently summarised in the company vision, are developed.

2. on the second level, business, the different plans for each Strategic business 
unit are developed in order to define the elements underlying the creation of 
competitive advantage, for the products and services offered to specific mar
kets, or for each business area defined on a corporate level.

3. on the third level, function, the long‐term plans to be assigned to the 
functions – operations, marketing, finance and so on – or to any other selected 
organisational unit, are developed, so that these can support the creation of 
competitive advantage, defined on a business level.

the hierarchical process described here, although mainly based on a top‐down 
approach, imposes a two‐way interaction, where choices to be made on a functional 
level can contribute to the definition of goals on a business level and so on, going in 
a bottom‐up direction. indeed, the decisions taken at the functional level can have 
significant implications, as highlighted by the theories of the emergent strategies 
(mintzberg and Waters, 1985), according to which a strategy can also emerge from 
everyday operating experience, rather than from a long‐term hierarchical planning 
approach.

the operations and Supply chain Strategy is therefore found on the third level of 
the process described earlier, like all other functional strategies, such as marketing 
and finance, and so on, and can be implemented according to two different perspec
tives (greasley, 2006, p. 39):

1. the first, defined market‐based strategy (hines, 2004), according to which 
corporate choices are derived from positioning goals in target markets and is 
followed by appropriate approaches of organisation, management and control 
of operating processes. take, for example, the case of some fast‐food chains 
that try to achieve a high market share through a business model characterised 
by an acceptable level of food quality, low costs, quick service, and a clean 
environment and so on. these restaurants pursue performance goals related to 
quality, speed of service and cost‐effectiveness, based on the design and 
management of highly standardised processes, the use of properly trained staff, 
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ad hoc technologies and ergonomic infrastructures, and the careful selection of 
suppliers, selected on the basis of their capabilities and performance.

2. the second, defined resource‐based strategy (grant, 1991), according to which 
business choices must be taken leveraging the internal competences, on the 
basis of which a set of operating capabilities (operations and supply chain 
management capabilities) necessary for pursuing competitive success in the 
target markets can be set up. this is the case, for example, of the 3m corporation, 
which, thanks to its competence in the field of adhesive materials technology, 
continues to develop successful products, or the recent cases of several web 
application design companies that, thanks to the competences of their researchers 
and designers and the availability of laboratories and technology, develop capa
bilities to create and customise wide ranges of products and services.

the two approaches may find appropriate integration methods, as illustrated in 
Figure 2.3. over time, there may be cases in which one approach prevails over the 
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other; in other cases there can be little movement or, on the contrary, a high 
acceleration due to the dynamic nature of markets and the necessity to develop new 
competences.

in order for a company to compete effectively in its competitive arena, it must 
identify differentiators, or rather, attributes linked to its core competences, capable of 
providing a long‐lasting competitive advantage and enabling successful product 
offerings (grant, 2013). in this regard, it is necessary to look at the competitive 
factors in Figure 2.3 and the performance goals to be reached, which may be divided 
into two categories, defined as order qualifiers and order winners (hill, 2005). order 
qualifiers are made up of all the performance profiles characteristic of a product or 
service that are required in order for the product/service to even be considered by a 
customer; these are minimum levels of performance and define the short list of com
petitors playing in the same competitive arena. order winners are the specific ele
ments and performances that make a company win the order, outperforming the other 
shortlisted companies. guaranteeing performance that qualifies the company to be in 
a certain market segment does not necessarily lead to competitive success, but simply 
enables the company to participate in the competition in the first place. a minimum 
threshold, such as, for example, a level of reliability or quality considered acceptable, 
must be reached within these performance profiles (order qualifiers), and conse
quently within the underlying priorities of operations and supply chain management, 
under penalty of exclusion from the competition. once this threshold has been 
reached, improvements to the performance profiles, however, guarantee only a 
limited increase in sales. on the contrary and only after having offered adequate 
qualifying levels of performance (order qualifiers), competitive advantage lies in the 
ability to offer distinctiveness in the performance profiles that customers consider to 
be winners (order winners). all the automobile manufacturers that compete within a 
specific segment offer products and related services, guaranteeing performance in 
terms of quality, cost, delivery and after‐sales services that is often comparable, but 
in the end customers choose the set of performances that best satisfies their needs, 
and the order is collected by just one of the competitors.

2.3.2 operations, Supply chain management and decision making

in order to achieve adequate performance levels, and thus create value, it is necessary 
to design the operations and Supply chain system managing a number of ‘levers’, 
which may be grouped into hardware levers and Software levers.

these design levers cannot be used without identifying the primary goals of the 
operations and Supply chain management system, which in turn are derived, as 
already stated, by the Vision, mission and Strategy of the company. the latter per
meate the entire activity of the company and, in indicating the areas where the 
management team ought to concentrate its improvement efforts, define strategic 
goals and, then, functional sub‐goals. as illustrated in Figure  2.3, and within the 
perimeter of the processes discussed in this book, there may be a large number of 
sub‐goals, which are often antithetical. take, for example, a logistics system that 
attempts to jointly pursue limited investments in stocks and a high service level, or a 
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production process that requires maximum saturation and production flexibility. the 
traditional approach towards operations and Supply chain management choices is 
therefore based on the concept of focalisation (Skinner, 1974): in the presence of 
diverging goals (trade‐offs), it is necessary to focus on priorities and to consider the 
others to be secondary, just like dependent variables. competing on cost, for example, 
may involve good, but not excellent, quality and service; a high service level can be 
achieved thanks to high investment in stock.

once the set of goals assigned to the operations and Supply chain management 
System has been defined, it is necessary to shape the organisation that has to pursue 
these goals, which must be capable of providing an adequate response to the identi
fied needs, through the use and consistent integration of all its components, or design 
levers. the design levers available to managers can be grouped according to the 
degree of irreversibility of the choices that characterise them (grando, 1995).

Hardware Levers – also called configuration levers – can therefore be defined as 
the choices concerning infrastructure, the type of systems and technology adopted, 
the installed production capacity, the degree of vertical integration and the possible 
off‐shoring or outsourcing of production processes. the decisions concerning these 
issues are taken for medium‐ to long‐term periods and shape the permanent features 
of the production system. Software Levers – or management levers – on the other 
hand, are those regarding the planning and control systems of the core operations and 
supply chain management processes, such as materials management, transportation 
and shipments, quality control, maintenance activities, the management of produc
tion‐related employees and so forth. these decisions can be changed more frequently 
and affect the production system over the short/medium term.

Software levers are generally embedded in a defined hardware system, bringing it 
to life and guaranteeing its optimal performance. this means that decisions concerning 
hardware and Software levers must be consistent and share the same visions and 
goals. Frequent negative behaviour arises from inconsistencies between the choices 
concerning the production system and its management processes. this is the case in 
situations where the hardware levers have been managed so as to achieve specific 
competitive goals, which over time have changed due to market pressures. in these 
cases, in order to cope with such variability in the competitive arena, the company may 
need to manage its Software levers accordingly, in an attempt to adapt its production 
system to the new challenges. however, these incremental adjustments can result in an 
inconsistency between the structural and managerial aspects of the production system. 
take, for example, the case of a company that, having chosen to outsource its produc
tion to a low‐labour‐cost country (hardware choice), finds out that it is difficult to 
establish an appropriate local supply base and that, consequently, it is not possible to 
keep using Justintime principles in procurement processes (software choice).

2.3.3 operations and Supply chain performance management and control

the performance goals pursued by the operations and Supply chain management 
units are, as illustrated in Figure  2.3, the basis for the creation of competitive 
advantage, as they support the positioning of a company in its market. these units, as 
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already stated, must organise resources and processes in order to guarantee levels of 
corporate performance that meet the needs of its target customers.

the need for the performance goals to have a unique and systematic framework 
has inspired countless studies on the subject, which will be discussed later, in 
chapter 8. in terms of implications for management, it is necessary first and foremost 
to make a distinction between the performances outside the production system 
(external performances or performances stricto sensu), that is, the performances that 
can be measured directly by the customer or by the top management of the company 
(at business unit or corporate level), and the performances within the production 
system (internal performances, also called operating conditions or configuration 
parameters), namely those features that characterise the productive factors and the 
activities of the operations and Supply chain processes (bartezzaghi and turco, 1989).

the latter lead to the determination of the former, as they are the features that 
make the system work, as illustrated in Figure 2.4.

External performance typically derives from the goals assigned to the operations 
and Supply chain units and expresses the degree with which these goals are achieved: 
it concerns, for example, measures, such as the level of service provided in terms of 
delivery dependability or speed, the product quality, the factors productivity and the 
level of emissions, and so on. Internal performance, on the other hand, is derived 
from the design choices of the system and the set of constraints it is subjected to and 
refers to elements such as process lead times (gallmann and belvedere, 2011), plant 
utilisation and efficiency (grando and turco, 2005; cigolini and grando, 2009), 
scrap rates (crosby, 1979; 1984a; 1984b; Flynn et al., 1994), and health and safety 
at the shop‐floor level (Silvestri et al., 2012; alston and millikin, 2015) and so on. 
operations and Supply chain managers, in fact, have to undertake actions to modify 
operating conditions in order to improve external performance. in this regard, in 
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highly competitive situations, since the customer is able to make a selection by com
paring the performance offered by several competitors, according to the order qual
ifiers and the order winners described above, measuring and managing the final 
performances offered to the market (i.e. quality, time, flexibility and cost etc.) 
become crucial.

it is to be noted that the performance attributes indicated above are closely inter
dependent, and have an influence on one another. take, for example, the case of a 
production system that generates defective output due to insufficient levels of reli
ability in its manufacturing process. if the defect is detected and corrected prior to 
the delivery of the products to customer (in‐house defect), the need to carry out 
recovery and correction activities will lead to higher costs; even if the customer will 
receive a good quality product, a higher price will be charged (or a lower margin 
earned by the manufacturer). on the other hand, in the case where the defective 
product enters the market (in‐field defect), the possibility of limiting the negative 
impact of such an event is linked to the opportunity of offering appropriate in‐field 
services (such as repairs under warranty), which will affect company margins.

Similarly, the use of non‐conformant materials or an excessive emphasis on produc
tivity and production rates can cause an increase in accidents involving workers or lead 
to the manufacturing of products that are harmful to consumer health. the performance 
delivered by an operations system is therefore characterised by close interdependence 
and mutual conditioning: in fact, several internal performance levels –  the result of 
choices made during the design and management of the operations System – con
tribute to the achievement of certain external performance levels. the increasing need 
expressed by many companies to have efficient and comprehensive systems to control 
the performance of their processes, both internally and externally, has led to the design 
of ‘dashboards’ or ‘tableaux de bord’ suitable for measuring the manufacturing and 
logistic performance of the company, for identifying improvement areas and support
ing the management decision‐making process through the analysis of a few relevant 
indicators (belvedere, 2015).

the discovery of any variations between expected performance and actual 
performance is the start of the process that leads to the design and implementation of 
corrective action to improve the system. this process can be observed at different 
levels of the decision‐making hierarchy of the company.

to properly design an effective performance measurement system, a dual approach 
is required: feed‐back control and feed‐forward control (da Villa, 2000). Feed‐back 
control, or reactive control, means a simple ex post assessment, aimed at assessing 
the gap that may be observed between estimated, target or standard values and actual 
values. in addition, a performance measurement system must also enable a feed‐ 
forward process, strongly inspired by interpretative or diagnostic objectives, aimed 
at explaining the deviations of past phenomena and therefore at providing instruc
tions to improve the operations system.

the measurement of appropriate Kpi – Key performance indicators – is therefore 
a fundamental pre‐requisite for the correct management of the levers that can be 
managed in order to achieve goals.
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2.4 performance and trade‐off management

operations and Supply chain management therefore consists of the set of decision‐
making processes that enable a manufacturing or services company to create a com
petitive advantage by offering products, services and performance whose value, in 
the perspective of the customer, is perceived to be at least equal to that of competitors 
(order qualifier) and, if possible, higher (order winner).

the main task of operations and Supply chain management is to deliver perfor
mances that comply with internal and external requirements; these performances are 
conventionally summarised in four categories (Slack et al., 2007):

1. Cost, linked to overall efficiency and productivity of the factors employed. in 
this regard, the total productivity, an expression of the relationship between 
output evaluated at standard manufacturing cost and the value of the set of 
production factors, can be broken down into several partial productivities, with 
reference to the individual factors employed, mainly: capital, labour, materials 
and energy (grando and turco, 2005; cigolini and grando, 2009).

2. Quality, mainly assessed from two different perspectives, represented by design 
quality and conformance quality. design quality is generally measured with 
specific indicators, depending on the features of the product or service and the 
technology incorporated therein, such as, for example, the toughness and resil
ience of a metal, the elasticity of a fibre, the power of an electric motor or the 
viscosity of a lubricant set in the design stage. conformance quality, on the other 
hand, is defined as the correspondence of the product or service to design speci
fications. in the analysis of a production and logistics system, the measurement 
of conformance quality, which is assessed at different times and points of the 
manufacturing process, becomes particularly relevant: internally or in‐house, that 
is, prior to the delivery to the customer, and externally, or in‐field, that is, when 
the product is available at the site of the customer. in the former case, the most 
common indicators aim to measure the impact of scraps and defective volumes 
compared to the total volumes produced, as well as the costs incurred to repair 
non‐conformant items. in the latter case, the most recurrent Kpis refer to the 
number of hours or assistance provided under warranty, compared to the number 
of units sold, the frequency of complaints and so on (Feigembaum, 1991).

3. Flexibility, observable from many perspectives, all linked to the ability to deal 
with the variety and variability of requests and their impact on the production 
system. therefore, the general concept of flexibility is often broken down into 
several elementary types of flexibility, such as, for example, mix flexibility (ability 
to vary the range of products manufactured in a cost‐effective manner in a given 
amount of time), product flexibility (ability to engineer and launch new products 
in a limited period of time, referred to as ‘time to market’), plan flexibility (ability 
to accept order variations, also with short notice periods) and volume flexibility 
(or elasticity, which is the ability to change production volumes cost‐effectively 
and in a limited period of time) (gerwin, 1987; beamon, 1999; Slack, 2005).
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4. Time, in terms of the speed of introduction of new products and delivery speed 
and dependability. the former aims at promptly meeting new customer’s needs 
with adequate products, while the latter refer to the ability to deliver items in a 
timely manner and to comply with the promised delivery dates (beamon, 1998; 
reichhart and holweg, 2007).

the pursuit of these performances is functional to the achievement of a sustain
able competitive advantage, either through choices to differentiate and enhance the 
goods and services offered, or through the reduction of costs and consequently price‐
based competition. more recently, due to the pressures from consumers, the diffusion 
of corporate Social responsibility (cSr) principles among companies, as well as 
more stringent limitations imposed by the regulator or different forms of certification, 
social and environmental sustainability goals, which have already been described, 
are to be added to the main goal of economic sustainability. all companies, in the 
continuous process of value creation for their stakeholders, must integrate the goals 
linked to environmental and social sustainability into the set of goals pursued. as 
stated by Sanders and Wood, in fact,

in pursuit of social and environmental improvements, OM [Operations Management] 
strategy still should be based on a company’s unique core competencies, resources, 
technologies and supply network. Sustainable OM strategy includes value creation for 
social and environmental stakeholders as a competitive priority. Together these ele-
ments create the building blocks of a firm’s unique strategic sustainability architecture 
or sustainable operating system (Sanders and Wood, 2015, p. 264).

in many companies, therefore, the types of performance identified here have also 
been expressed in light of environmental and social sustainability goals, without nec
essarily being detrimental to the goal of economic sustainability. take, for example, 
the decision to select suppliers that hold an environmental certification iSo 14001 
or emaS registration, or the reduction of costs by choosing to use materials origi
nating from recycling processes and not only virgin raw materials, or the development 
of energy recovery systems, the decisions to develop products and industrial processes 
aimed at reducing the consumption of scarce resources, like water, the creation of 
working environments that are respectful of the needs of workers, investments in 
gyms and areas for employees to socialise, or day‐care facilities for their children, 
and other policies that are becoming increasingly widespread in companies that take 
care of the welfare of their employees.

2.5 SuStainable operationS and Supply chain 
management: a reference framework

the need to combine the subjects of operations and Supply chain management 
(which includes logistics management, as mentioned) with new sustainability and 
sustainable development demands has gradually encouraged the development of 
defin itions and models that aim to integrate sustainability goals within the framework 
of the processes governed by these functions.
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With regard to the definitions of Sustainable operations and Supply chain 
management, the following are considered to be among the most recent contribu
tions of literature: Kleindorfer et al. (2005); linton et al. (2007); carter and rogers 
(2008); pagell and Wu (2009); cetinkaya et al. (2011); Stroufe and melnyk (2013); 
Sanders and Wood (2015):

 • Sustainable OM [is] the set of skills and concepts that allow a company to 
structure and manage its business processes to obtain competitive returns on its 
capital assets without sacrificing the legitimate needs of internal and external 
stakeholders and with due regard for the impact of its operations on people and 
environment (Kleindorfer et al., 2005, p. 489).

 • Sustainable Operations Management is the management of the transformational 
process to reduce resource consumption, pollution and waste while benefiting 
employees, customers and communities in order to reduce short‐term risks and 
shore‐up long‐term cash flows (Sanders and Wood, 2015, p. 261).

 • Sustainable Supply Chain is the strategic, transparent integration and achieve-
ment of an organization’s social, environmental and economic goals in the 
systemic coordination of key interorganizational business processes for 
improving the long‐term economic performance of the individual company and 
its supply chains (carter and rogers, 2008, p. 368).

 • Sustainable Supply Chain Management practices include stakeholder engage-
ment, product/process design, life cycle assessment (LCA), materials selection 
and sourcing, manufacturing processes, waste transportation of final products 
and services to consumers as well as end‐of‐life management of products, and 
closed‐loop systems (Stroufe and melnyk, 2013, p. 7).

in accordance with these statements regarding the difference between operations 
management and Supply chain management, where the former focuses on intra‐
company processes and the latter embraces the widest spectrum of inter‐company 
processes, also in terms of sustainability, we will maintain the same distinction. as sug
gested in the framework for a sustainable supply chain proposed by mollenkopf (2006), 
Internal Operations is a component of a broader system made up also of ‘upstream 
suppliers, downstream customers and product development and stewardship’.

With reference to the subject under analysis and its management choices  – 
Sustainable operations and Supply chain management – several building blocks can 
be found in the definitions previously, which can be used to develop the topics dealt 
with later in this book:

 • the strategic intention to clearly integrate the profiles summarised previously 
with the 3Ps – profit, planet, people – of economic, environmental and social 
sustainability, included in a wider objective of competitiveness, into the set of 
pursued goals.

 • the pressure to achieve sustainable goals that create long‐term value for the 
individual company and for the other players in the supply chain that it belongs 
to, through collaboration and value‐sharing practices.
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 • the involvement and accountability not only of shareholders, but of all stake-
holders, along the entire life cycle of the product or service offered.

 • the extension of the framework to all relevant inter‐ and intra‐company business 
processes, in accordance with the meaning of operations and Supply chain 
illustrated earlier.

the need to design and manage Sustainable Supply chains has therefore led some 
authors to look more closely at the areas that companies have to manage in relation 
to sustainability goals. as illustrated in the framework set out in Figure  2.5, the 
design of Sustainable Supply chains must be based on a more articulated and stronger 
company orientation to be transferred into strategic and management choices (carter 
and rogers, 2008).

carter and rogers (2008), on the one hand, highlight many elements that must to be 
taken into consideration by any organisation that is about to embed sustainability into 
its corporate goals, in terms of strategy, organisational culture, risk management and 
transparency requirements. on the other hand, they emphasise how ‘the social and 
environmental dimensions of Sccm (Sustainable Supply chain management) … must 
be undertaken with a clear and explicit recognition of the economics goals of the firm’ 
(p. 369). this is the reason why they place a question mark over the term ‘good’, where 
the intersection is limited to environmental and social performance, without consi
dering these objectives within the broadest strategic and financial goals of a company.

consistently, since they have witnessed a broad debate regarding the possibility of 
applying win‐win goals among the components of the triple bottom line, they 
emphasise that ‘there are a variety of environmental and social issues that a firm can 
undertake which can both improve as well as harm the economic bottom line’, and 
conclude by speculating: ‘the proportion of environmental and social initiatives 
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figure 2.5 Sustainable Supply chain management. Source: carter 2008. reproduced 
with permission of emerald group publishing ltd.
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which result in enhanced economic performance is relatively large’ and ‘the highest 
level of economic performance will occur at the intersection of environmental, social 
and economic performance’ (p. 370).

although there is a debate on the existence of trade‐offs between sustainability 
and economic competitiveness, a growing number of authors have produced evidence 
that goes beyond this position, putting forward analyses that are built on broader 
horizons and wider ranges of assessment (mcWilliams and Siegel, 2000; porter and 
Kramer, 2002, 2006, 2011; Salzmann et al., 2005). For example, at the beginning of 
the 1990s, porter (1991, p. 96) stated ‘the conflict between environmental protection 
and economic competitiveness is a false dichotomy based on a narrow view of the 
sources of prosperity and a static view of competition’. in order to understand how to 
reconcile the possible trade‐offs among sustainability elements, and to express these 
concepts within the scope of operations and the supply chain, it is necessary to iden
tify the stages in which management decisions have to be taken to jointly achieve not 
only economic, but also environmental and social sustainability

it is, therefore, useful to propose a reference framework, which makes it possible 
to show the possible integration of the triple goal of sustainability with the stages that 
make up the life cycle associated with a product, from a cradle‐to‐cradle perspective 
(braungart et  al., 2007; linton et  al., 2007). this framework is also suitable for 
explaining the structure of this book and introducing its chapters.

in this regard, we build on the proposal contained in the seminal work of corbett 
(2009), which puts forward an effective approach for outlining the areas of possible 
interaction between the business processes developed during the lifetime of a product 
and their implications in terms of sustainability. For our purposes, the original model 
has been modified and integrated with the goal of emphasising the link between the 
stages of the life cycle of the product and the players along an ideal supply chain 
involved in their management. as illustrated in Figure 2.6, and as already stated in 
the previous paragraphs, the goals assigned to the departments and managers of the 
different phases of a product life cycle must necessarily derive from broader strategic 
goals, typically linked to positioning choices of the focal company that governs the 
supply chain, and shared, although through mediation processes, with other players. 
the consistency between higher‐ranking corporate goals and sub‐goals pursued on a 
functional level or in a subset of the supply chain must emerge in the medium to long 
term, guaranteeing, as mentioned earlier, strategic alignment (also defined strategic 
fit) and a focus on defined priorities.

the central part of the diagram compares, on the one hand, the three components 
of sustainability, previously summarised in the Triple Bottom Line concept (elkington, 
1998), and, on the other hand, the typical phases along which the lca – Life Cycle 
Analysis – of a product is developed, according to the cradle‐to‐cradle approach, 
assuming a circular life cycle of the product (see chapter 3).

this perspective is based on the development of products and processes designed 
so as to generate (or save) value in several life cycles through the reuse of their parts 
(or at least some of them) at the end of their lifetime.

in order to integrate the proposal of corbett (2009) based on life cycle analysis 
with the need to give evidence to all the main players in the supply chain and 
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accountable for its management, the figure also illustrates the sequence of internal 
and external players and departments involved in each stage of the product life cycle. 
in this regard, the main phases can be summarised as follows:

 • Design and pre‐production, which, based on principles of design for 
environment (see chapter  3), are crucial in determining the possibility of 
recovering value along the life cycle of a product and, in particular, at the end 
of its lifetime.

 • Production of the product, which, in terms of the organisation of the players 
involved along the supply chain, can be divided into two stages, involving the 
supply system (see chapter 4), which is increasingly relevant in an environ
ment dominated by outsourcing choices, and the production activity carried out 
by the focal company (see chapter 5).

 • Packaging and distribution of the product (see chapter 6), crucial in terms of 
sustainability due to the impact of primary and secondary transportation, and 
the possibility of minimising and reusing packaging; also in this case, the focal 
company can use third‐party logistics providers for the activities necessary 
to  reach the final customer, especially for consumer goods in business‐to‐
consumer (b2c) systems.

 • Use of the product by customers, who play an increasingly relevant role in 
directing corporate choices through their preference for products that respect 
environmental and social sustainability principles, and in the development and 
diffusion of a culture of accountability that is implemented through specific 
actions, such as the tendency to save energy, to focus on the reduction of waste 
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and to separate recyclable waste and so on. this stage, however, is beyond the 
scope of this book.

 • End‐of‐life management of a product, through reverse logistics and the adop
tion of different recovery options (see chapter  7), which, if planned and 
managed properly, can offer the possibility of extracting residual value, through 
processes that range from high‐impact choices, such as reuse, remanufacture 
and recycle processes, to low‐potential processes like the choice to dispose the 
exhausted products or send them to incineration plants.

the proposed model is completed with the analysis of performance measurement 
and reporting systems. in all systems that are geared towards on‐going improvement 
it is, in fact, necessary to monitor the performance of the processes under analysis, 
designing Kpis suitable for measuring targets and achievements (see chapter 8). in 
this regard, as previously mentioned, it is worth highlighting how these measures 
should have a double purpose: on the one hand, in accordance with feed‐back control 
logics, to highlight any variance between target values and actual ones; and on the 
other hand, following the principles of feed‐forward control, to be a diagnostic tool, 
able not only to express the size of the gap, but also, if possible, to highlight the main 
causes behind it and, thus, to lead to the implementation of appropriate improvement 
measures. take, for example, a company that has consumed more energy than its 
target values or has used lower volumes of recycled materials than expected. the 
usefulness of a deviation analysis as an end in itself appears to be limited to an ex 
post assessment of the increased cost, or lower saving, obtained through a comparison 
with the expected values. a reporting system that enables an in‐depth analysis of 
these deviations, such as, for example, a deployment of the energy losses or of the 
materials wasted in the various phases of the production process, will make it pos
sible to reconsider previous choices and to implement appropriate corrective actions.

as highlighted by the references to the following chapters, the previously proposed 
framework is central to our entire work, and therefore will be taken up and detailed 
later, in terms of the organisation of relevant business processes and players involved 
along the supply chain.

as suggested by corbett (2009), the general table in Figure 2.6 offers various 
layers of analysis of both the dimensions observed. on the one hand, in fact, it is 
possible to deploy the general goals of sustainability, summarised in the triple 
bottom line, into more detailed ones, until the single measures to be set as targets in 
the control and reporting system are reached. on the other hand, the life cycle phases, 
overseen by various links in the Supply chain, underlie the business processes that 
can be broken down until their specific activities, roles and responsibilities can be 
identified. it is evident, in organisational terms, that the development of Kpis aimed 
at measuring the performance of the players involved in these processes can be 
implemented with different levels of detail and reliability, for both internal organisa
tion units (business divisions and departments involved) and external ones (suppliers, 
subcontractors, distributors and service providers).

at the bottom of the framework represented in Figure 2.7 there is an example 
of the sustainability goals that become increasingly detailed until the point of their 
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deployment into environmental sustainability Kpis peculiar to a specific stage of the 
entire life cycle, namely product manufacture.

in the introductory chapter of this book, reference was made to the mega‐trends 
that are shaping the socio‐economic environment in which companies operate. these 
forces will also have an impact on supply chain flows, changing their characteristics 
and generating needs to which companies must provide adequate responses. take, 
for example, new urbanism phenomena, which, on the one hand, will create the need 
to guarantee the uninterrupted flow of products in densely populated areas and, on 
the other hand, the need to devise distribution models for populations in rural areas 
with a low population density; or even the impact of new technologies, such as the 
revolutionary applications of 3‐d printing and additive manufacturing that may, in a 
growing number of sectors, do away with or reduce storage requirements and guar
antee outsourced build‐to‐order operations, impacting on stock and transportation 
costs. or even the undisputed dynamics of demographic trends, which will cause 
significant changes to the range of products and services on offer in countries where 
the subject of aging is emerging dramatically and those where the driving force of 
younger generations will become more intense.

it is therefore evident that operations and supply chain management will have to 
change and will also become more and more important in the future. For example, 
according to a recent survey, the production of internationally traded goods accounts 
for approximately 30% of global co

2
, while agriculture is responsible for the con

sumption of about 70% of worldwide freshwater resources (unep, 2010). the glo
balisation of trade increases the need for companies to pay attention also to the 
environmental and social impact of their choices, especially for those that act as the 
focal companies of their supply chains. recalling one of the scenarios illustrated in 
the first chapter, regarding the increasing scarcity of water on earth, it is worth 
drawing attention to several actions undertaken by leading global industrial groups, 
which have been described in a recent report (gasson, 2014): coca cola has spent 
almost 2 billion dollars since 2003 in order to reduce water consumption in its 
863 production plants, and more than 1 billion dollars for the development of water 
treatment systems and recycling processes. nestlé, another food and beverage giant, 
spent 31 million euros on the introduction of new water treatment technology in 
2013. in its Spanish factory, it managed to reduce the consumption of water per tonne 
of product by 60% with an investment of 1 million euros. google is experimenting 
with the use of sea water to cool its digital archive in Finland and is testing the use of 
rainwater for another factory in South carolina, whereas it is using water from the 
sewerage network in a uS factory in georgia. in 2014, barilla, the italian leader in 
the production of pasta, reduced the consumption of water for each tonne of finished 
product by 20% compared to 2010, in addition to cutting co

2
 emissions by 20%, and 

has set forth the goal of reducing both by 30% by 2020 (barilla, 2015).
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3
SuStainability and new 
product deSign

3.1 introduction

Ricoh, with a turnover of almost 2232 billion yen developed in approximately 
200 countries and regions worldwide, approximately 110,000 employees, 229 
consolidated companies (as of March 31, 2015), produces a wide range of prod-
ucts for different segments:

 • Office Imaging: MFPs (multifunctional printers), copiers, laser printers, 
digital duplicators, facsimile, scanners, related parts and supplies, services, 
support and software.

 • Production Printing: cut sheet printer, continuous feed printer, related parts 
and supplies, services, support and software.

 • Network System Solutions: personal computers, servers, network equipment, 
related services, support and software.

 • Industrial Products: thermal media, optical equipment, semiconductor 
devices and electronic components, and ‐digital cameras.

The Ricoh Group develops products that  –  throughout their life cycles  – will 
keep their environmental impact below the limit at which the global environment 
becomes unsustainable. First, Eco Balance data on the environmental impact 
caused by overall business activities are identified, and, based on the results, tar-
gets for products covered by the action plans are set (Plan). LCA‐based designs 
are then drawn up, and production process technologies are developed to achieve 
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Ricoh is one of the many multinational groups that has set sustainability goals that it 
pursues through continuing innovation in technology, products with, operations and 
supply chain management processes. In order to effectively pursue these goals it is 
fundamental right from the beginning, during the concept design phase, to create 

the targets (Do). Results from these designs and process technologies are again 
reviewed alongside the Eco Balance data (Check) before being reflected in the 
next targets (Act). In addition to technological development directly related 
to products, we also work on technological development that will help reduce 
the  environmental impact of society as a whole. We are  promoting various 
activities –  such as the development of new/alternative materials, creation of 
a paperless environment through information technologies, and introduction of 
reuse/rewritable technologies to replace paper – to further evolve Ricoh’s core 
 technologies into environmental technologies that can be applied in a wider 
variety of areas.

In addition to energy saving, global warming prevention, resource preser-
vation, recycling and pollution avoidance, Ricoh design proposes methods of 
easing human participation in ecological activity, and thereby contributes to the 
realization of a society that is sustainable.

According to the Ricoh Group CEO

The Ricoh Group is in a position to make tremendous contributions to protecting the 
global environment by implementing measures against climate change and improving 
resource productivity through its business activities. In order to enhance our 
 sustainable environmental management, which means making the growth of our 
business compatible with environmental conservation, we are actively developing 
environmentally oriented businesses. As part of this effort, we will launch the new 
RICOH Eco Business Development Center in Gotemba City, Shizuoka, in 2015, 
thereby further accelerating the development of our environmental technologies and 
 businesses. At the development center, we will conduct trial studies of environmental 
technologies, develop reuse and recycling technologies, and implement and opti-
mize these technologies to create new businesses that extend beyond the boundaries 
of our conventional business domains. By developing businesses in the energy and 
other sectors to help our customers implement their own environmental measures, 
we will contribute to the creation of a sustainable society.

Our efforts at sustainable environmental management are supported by four pil-
lars. Three of them – conserving energy and preventing global warming; conserving 
natural resources and encouraging recycling; and preventing pollution – support 
reduced environmental impact from our own business pursuits, and the fourth – 
protecting biodiversity – is vital for the planet to raise its capacity for self‐recovery. 
These pillars are built upon a basis for sustainable environmental management, 
forming an infrastructure for effective and efficient activities across the board.

Source: Ricoh Group Sustainability Report, 2014, www.ricoh.com; consulted on 
24 August, 2015.
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products and technology taking sustainability into consideration. The ability to 
develop the Research & Development processes of new products and to innovate 
underlying technology with a view to the Triple Bottom Line therefore plays a central 
role. In this Chapter, we will first of all illustrate the evolutionary path followed by 
many companies that have tackled the subject of sustainability, starting with a reac-
tive orientation to the search for external bodies (compliance or enforcement), then 
to the triggering of more proactive processes; the latter are linked to the knowledge 
of the environmental impact of a product along its life cycle and the possibility of 
implementing innovative processes based on DFE  –  Design for Environment. 
Therefore, in the first part of the Chapter the concepts of LCA  –  Life Cycle 
Assessment – and Cradle‐to‐Cradle will be introduced and analysed, in contrast to the 
outdated Cradle‐to‐Grave design approaches. Subsequently, a distinction will be 
made between logics oriented at eco‐efficiency and those oriented at eco‐effective-
ness. In the second part of the Chapter, we will go into more detail on the design 
philosophies defined as Design for X, with particular attention to DFE – Design for 
Environment – and its founding principles.

3.2 the environmental orientation path

As illustrated in the previous Chapter, in the search for higher levels of performance 
companies are constantly trying to align higher corporate goals, which are linked to 
competitive long‐term challanges, with the sub‐goals assigned to the specific depart-
ments involved in company management. In this regard, new product development 
departments, such as Research & Development and Engineering in particular, play a 
vital role.

For the reasons illustrated in Chapter 2, from among the many goals pursued by 
companies, in recent years respect for the environment has emerged with increasing 
intensity, which is translated in the Environmental Management Orientation, defined 
as ‘the set of objectives, plans and mechanisms that determine the responsiveness of 
operations to environmental issues’ (Klassen and Johnson, 2004, p. 230; see also 
Klassen, 2001; Klassen and Whybark, 1999; Klassen and McLaughlin, 1996). In the 
framework proposed by Klassen and Johnson (2004), this orientation can have differ-
ent stages of maturity, starting from a basic reactive orientation to a more complex 
and sophisticated pro‐active orientation, meaning the evolutionary process, which 
can be summarised in the following steps:

 • Actions motivated by reactive choices made in response to pressure from 
 regulators, the market or value‐based choices, which in turn mean compliance 
choices, such as certifications or the participation in voluntary improvement 
programmes related to environmental impact.

 • Actions involving end‐of‐pipe pollution control, aimed at capturing pollutants 
and wastes, or limiting their impact, through the improvement of production 
processes and investments in technology. These actions generally affect pro-
duction processes within and along the supply chain, especially upstream, 
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through the introduction of further phases in the operations and end‐of‐cycle 
stages, without significantly modifying the products and the supply chain itself.

 • Actions connected to the design and management of reverse flows, developed 
downstream, to capture end‐of‐life products’ value, by leveraging any possible 
recovery options, such as remanufacturing, part harvesting, recycling and so on 
(see Chapter 7).

 • Actions more oriented at pro‐active choices (Leong et al., 1990), such as those 
linked to pollution prevention and the analysis of environmental impact along 
the product life cycle, through the development of techniques such as the 
LFA  –  Life Cycle Assessment  –  and product design choices oriented at 
respecting the environment, like DFE – Design for Environment. These actions, 
in contrast with pollution control, mostly involve product design, internal man-
ufacturing processes, and those managed along the supply chain.

The impact of these actions is witnessed in the areas dominated by Operations and 
Supply Chain Management, progressively involving all the players located up and 
downstream of the focal company, requiring a coherent Supply Chain Orientation 
(Shin et al., 2000), which is characterised by a wide range of competences, such as 
purely transactional skills, the ability to structure partnerships with suppliers and 
customers, or to coordinate the entire supply chain network. If, for example, 
certification or pollution control interventions may demand a supply chain orienta-
tion that is limited to the management of internal operations or relations with sup-
pliers, using transactional processes that may at times be irregular and oriented at the 
short term, the most evolved pollution prevention, reverse flow management 
and Design For Environment choices require a supply chain orientation capable of 
closely coordinating the behaviour of upstream and downstream players through the 
definition of long‐term partnerships and network orientation, whose supply chain 
management assumes a fundamental role in the creation of competitive advantage. 
The relation between Environmental Orientation and Supply Chain Orientation is 
shown in Figure 3.1.

As illustrated earlier, the most evolved interventions in terms of company envi-
ronmental orientation, which play a fundamental role in supply chain management 
from the perspective of the creation of competitive advantage, refer to the approaches 
linked to product design in compliance with the principles of respect for the envi-
ronment along its entire life cycle. These design and management approaches are 
summarised by DFE – Design For Environment.

DFE, as a fundamental lever, can be placed within the broadest set of actions and 
approaches that attempt to provide an answer to the dilemma linked to the trade‐off 
between population growth and its aspirations to prosper and the requirement to 
reduce the pressure on the environment and to preserve the planet’s resources. The 
need to provide clear answers to this dilemma, defined as ‘absolute coupling’ at both 
macro‐level (in the drafting of consistent policies) and at micro‐level (influencing the 
conduct of companies and supply chains) has led to the development of the approach 
known as the Circular Economy (Ellen MacArthur Foundation, 2012; 2013), under-
stood in this Chapter as the arrival point of the evolution summarised before.
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This approach sets forth the need to base the development of an economy and its 
industrial system on the reuse of products and raw materials, and, as far as  possible, 
the need to replenish natural resources. As will be described in detail next, the 
principles underlying the Circular Economy are based on (Ellen MacArthur  
Foundation, 2012; 2013):

 • A circular vision of the life cycle of manufactured goods, which must be created 
and designed for multiple life cycles, according to cradle‐to‐cradle logics.

 • The need to implement up‐cycling logics, namely the creation – and not the 
reduction (down‐cycling) – of value, through processes aimed at reusing prod-
ucts and materials that create new products and materials of a higher quality 
and with improved features.

 • The need to think of the relationship with natural resources in terms of resource 
effectiveness and not resource efficiency, taking into consideration the require-
ment to re‐insert natural resources so far as possible into the biological cycle 
that transforms waste into food.

 • The incentive to use renewable resources and to take strict action against all 
forms of the depletion of natural resources, the use of hazardous materials and 
greenhouse emissions and so on.

In fact the Circular Economy is essentially based on the possibility of intentionally 
contemplating an industrial and economic system in which all waste streams 
and  emissions can be a source of value creation, limiting environmental impact 
and  moving towards the search for decoupling forms that allow for sustainable 
development and the restorative capacity of natural resources.
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Figure 3.1 Aligning Environmental and Supply Chain Orientation. Source: Klassen 2004. 
Reproduced with permission of Oxford University Press.
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As shown in Figure 3.2, the traditional development of an industrial cycle, shown 
in the centre of the diagram, proceeds according to a linear logic that starts with the 
extraction of raw materials and moves towards production, consumption and the 
destruction of value though waste disposal. On the contrary, sustainable development 
must be based on circular cycles, shown along the sides, which differ due to the 
nature – that is, the ‘biological and technical nutrients’, respectively – of the reusable 
materials and products concerned: the former are non‐toxic and can be composted, 
hence guaranteeing the restorative capacity of natural resources, and the latter must 
be designed to have multiple life cycles from a perspective of cradle‐to‐cradle, 
achieved through their reuse with the aim of minimising the impact on environmental 
resources.

In particular:

 • As far as Biological Nutrients are concerned, the cycles shown in the diagram 
demonstrate how biomasses and biotic waste streams ought to return to the soil 
as nutrients, once their capacity to create value has been exhausted. Prior to 
this, however, the value of these nutrients may be increased through cycles 
based on the Cascade of Processes in which valuable feedstocks can be 
extracted and put back into circulation through composting or biorefining 
processes, aimed at extracting high quality materials such as biofuel and bio-
gases from the biomasses, which are useful for the production of energy, such 
as methane, or even fertiliser for farming.
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Figure  3.2 The Circular Economy. Source: Reproduced with permission of Ellen 
MacArthur Foundation.
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 • As far as Technical Nutrients are concerned, on the other hand, the feedback 
loops shown in the diagram are based on the possible lengthening of the life 
cycle of products through design choices and the improvement of maintenance 
and repair methods or through recovery options that range from the reuse and 
reselling of products on secondary markets to the refurbishing and remanufac-
turing of parts and components that can re‐enter industrial processes and the 
recycling of reusable raw materials. These subjects will be discussed in more 
depth in Chapter 7.

The study promoted by the Ellen MacArthur Foundation (2012) offers much 
insight, as well as operating instructions that are useful from both a macro and a micro 
perspectives. With reference to Figure 3.2, it appears evident that the different feedback 
loops shown in the diagram offer possibilities of creating value that are qualified by 
varying intensity. Box 3.1 – The Power of Circular Economy – summarises the main 
ways of creating the value implied by circular economy logics.

3.3 liFe cycle and cradle‐to‐cradle approacheS

In order to fully understand the value of sustainability‐oriented design and 
management choices, it is necessary to introduce several concepts at the root of the 
most popular approaches followed today in new product development.

box 3.1 the power oF circular economy

The power of the inner circle refers to minimising comparative material usage 
vis‐à‐vis the linear production system. The tighter the circle, that is, the less a 
product has to be changed in reuse, refurbishment and remanufacturing, and the 
faster it returns to use, the higher the potential savings on the shares of material, 
labour, energy and capital embedded in the product and on the associated rucksack 
of externalities (such as greenhouse gas (GHG) emissions, water, toxicity).

The power of circling longer refers to maximising the number of consecutive 
cycles (be it reuse, remanufacturing, or recycling) and/or the time in each cycle.

The power of cascaded use refers to diversifying reuse across the value chain, 
as when cotton clothing is reused first as second‐hand apparel, then crosses to the 
furniture industry as fibre‐fill in upholstery, and the fibre‐fill is later reused in 
stone wool insulation for construction – in each case substituting for an inflow of 
virgin materials into the economy – before the cotton fibres are safely returned to 
the biosphere.

The power of pure circles, finally, lies in the fact that uncontaminated 
material‐streams increase collection and redistribution efficiency while maintain-
ing quality, particularly of technical materials, which, in turn, extends product 
longevity and thus increases material productivity.

Source: Reproduced with permission of Ellen MacArthur Foundation.
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The sustainability profile of a product and the processes that accompany it from 
its development to its exit from the market may in fact be evaluated by projecting its 
estimated impact along its entire life cycle: from the extraction of raw materials to its 
production, the manufacturing processes used to make the product, its distribution 
methods and usage by consumers, up to its end‐of‐life phase and destruction and 
disposal. In fact, during its lifetime, a product generates impacts that may range from 
energy, water and land consumption, to the destruction of raw materials and the 
emission of polluting gases, as well as impacts in terms of toxicity or global warming 
and so on.

For this purpose, one of the most widely used tools is the LCA  –  Life Cycle 
Assessment or Analysis (Klassen and McLaughlin, 1996): this is a useful approach 
for monitoring the impact of sustainability along the entire life cycle of a product or 
a system, from its creation until its end. In product design, the LCA ‘evaluates the 
types and quantities of product inputs such as energy, raw materials, and water, and 
of product outputs, such as atmospheric emissions, solid and water borne wastes, and 
end‐product’ (EPA, 1992, Ch. 7)1.

Nevertheless, a vision that is more attentive careful? to the subject of sustainability 
must take the options for the reuse of a product or a system for multiple cycles, also 
after its technological end or economic obsolescence, into consideration, according 
to the mentioned logic of ‘Circular economy’ (World Business Forum, 2014; Ellen 
MacArthur Foundation, 2012; 2013). This vision proposes replacing the classic ‘take, 
make and dispose’ approach, by designing and managing products with a view to 
their future full or partial reuse, with the primary aim of extracting residual value and 
limiting or eliminating the waste of resources. In order to get an idea of the scale of 
the opportunities for companies and the community, it is sufficient to think that in the 
‘fast‐moving consumer‐goods industry, about 80% of the 3.2 trillion dollars’ worth of 
materials it uses each year is not recovered’ (Nguyen et al., 2014, p. 51).

This concept is summarised perfectly in the Cradle‐to‐Cradle approach, which, in 
contrast to the traditional Cradle‐to‐Grave vision, is based on the observation of 
biological systems and cycles in nature, in which ‘waste is food’ or what is consid-
ered to be waste by several living organisms becomes food for others (McDonough 
and Braunghart, 2002; Stahel, 2010).

More specifically, it is possible to distinguish between (Souza, 2012, p. 45):

 • Cradle‐to‐Gate, if the effects caused along the life cycle from the extraction of 
raw materials to the production, packaging and distribution phases are evalu-
ated. In this case, impact is evaluated up to the release of the product by a 
company to its transfer to other actors downstream or its introduction to the 
market.

1The aim of the LCA is to analyse and measure the environmental impact, and at times the social impact, 
of a product or a process along its entire life cycle, from extraction of the raw materials to its end-of-life 
and disposal. Generally elements such as energy consumption, the depletion of minerals and fossil fuels, 
toxicity, global warming etc. are evaluated and measured using measurements in equivalent units, such as 
the Carbon Footprint or Water Footprint, etc. Guidelines for conducting a LCA can be found in various 
ISO standards, in particular in ISO 14040, 14041, 14042 and 14043.
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 • Cradle‐to‐Grave, when the phases linked to the usage cycles of the product in 
question by consumers in the primary and secondary markets are added to the 
previous phases, until its end‐of‐life and disposal.

 • Cradle‐to‐Cradle, in the cases where, as mentioned before at the end of its life 
cycle, either a part of or the entire product can become a useful component in 
new life cycles of the goods it generates.

In considering the Product Life Cycle (and the connected Process Life Cycle), it is 
necessary to distinguish between two different perspectives that, although closely 
inter‐related, differ from the point of view of time scale, responsibility and sustain-
ability (Fiksel, 2012, p. 79–80):

1. The first perspective is the Physical Life Cycle (PLC), which interprets the life 
cycle of the product through a series of phases and physical transformation 
processes of materials and energy, such as the extraction and manufacturing of 
materials, their transformation and assembly, their distribution, their use on the 
market and the recovery and recycling of the product materials. In the case of 
the PLC, time scale is linked to the duration of the useful life of a product, 
which may range from a few days for a consumer good to years for a durable 
good. The responsibility of the PLC and its connected impact on the market is 
divided among the various actors involved in the different phases of the pur-
chase, production and distribution processes. Take, for example, the design, 
production, delivery, use and dismantling of a complex good such as industrial 
machinery: the responsibility for the proper management of its physical life 
cycle depends on how it is designed and built, but also on the methods of its use 
and maintenance, the possibility of ensuring a second life through the transfer 
of useful components to the secondary market or their reuse and the recycling 
of recoverable materials at the end of the cycle. The ability to optimise sustain-
ability along the PLC is therefore also distributed among the different parties 
involved in the production and distribution processes, due to their ability to 
acquire materials and energy in an effective and efficient manner and to create 
different recovery and recycling options at the end of the useful life cycle.

2. The second perspective refers to the Business Life Cycle (BLC), which involves 
a sequence of different management activities and process phases, sequenced 
according to the stage and gate approach (Cooper, 1975), such as the creation of 
the product concept and its development, launch, production, maintenance, re‐
evaluation and renewal into next‐generation products. In this case, the time scale 
depends on technological developments and the obsolescence ratified by the 
markets. The responsibility of the BLC and the connected business impact, to be 
understood in terms of the profits and losses generated, as well as its sustain-
ability, are substantially referable to the individual company producing the good, 
and its capacity to innovate by developing product extensions or revisions that 
are capable of satisfying the demands of the markets. For example, this is the 
case for mobile telephones that, over time, mainly through incremental innova-
tions and accessibility to apps that can be also downloaded online, have extended 
the functions of the mobile phone, rendering an object that was originally created 
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to communicate by voice into a device that can manage email, take photographs, 
search for information, geo‐localise positions and routes on a map and so on.

Product designers and developers, traditionally, have mainly acted from the BLC 
perspective, making design and management choices that are in keeping with the 
goals to reduce time to market, using concurrent engineering and product‐extension 
approaches, through simultaneous engineering and product revitalisation with prod-
uct upgrading and so on. More and more frequently, however, considerations related 
to the PLC emerge during new product development, in particular with regard to 
the need to evaluate ex ante the environmental implications of the choices made on 
the materials used, packaging, assembly systems, storage and transportation and the 
implications of these decisions in terms of recovery options at the end of the life cycle.

Therefore, next we will refer to both perspectives, in consideration of the fact that 
the design choices implemented during the Business Life Cycle may significantly 
condition the margins of discretion available to the parties responsible for the 
management of the Physical Life Cycle of the product, from a Cradle‐to‐Cradle per-
spective. This means, for example, that the designer who is attentive to sustainability 
trends must select the materials used or the industrial treatments to transform them or 
even energy solutions that can be adopted. These choices have to be based not only 
on the objectives to quickly launch the product on the market or to develop platforms 
created to release several generations of products, which are typical objectives linked 
to BLC, but also on PLC objectives, focusing on minimising the riskiness of the 
materials themselves, maximising the use of renewable energy sources, or their 
greater ease of reuse versus their disposal at the end of their life cycle.

3.4 eco‐eFFiciency and eco‐eFFectiveneSS

By analysing these phenomena from an evolutional perspective, the ability to inter-
pret the life cycle as a Cradle‐to‐Cradle logic, going beyond the Cradle‐to‐Grave 
logic, can be observed in the simultaneous growth of the practices of systems oriented 
at eco‐efficiency (Fiksel, 1996) compared to the more evolved systems oriented at 
eco‐effectiveness (Souza, 2012).

The concept of eco‐efficiency, some times called zero emission, connected to the 
Cradle‐to‐Grave vision, was defined by the World Business Council for Sustainable 
Development: 

Eco‐efficiency is achieved by the delivery of competitively‐priced goods and services 
that satisfy human needs and bring quality of life, while progressively reducing ecolog-
ical impacts and resource intensity throughout the life cycle to a level at least in line 
with the earth’s estimated carrying capacity. (Schmidheiny and WBCSD, 1992)

Seven key principles must be taken into consideration during product development 
in order to reach eco‐efficiency goals (WBCSD, 1992):

1. Reduce the material intensity of goods and services, pursuing dematerialisation 
processes.

2. Reduce the energy intensity of goods and services.
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3. Reduce toxic dispersion.

4. Enhance materials recyclability.

5. Maximise sustainable use of renewable resources.

6. Extend product durability.

7. Increase the service intensity of goods and services.

In this approach, adopted by numerous companies in order to evaluate the environ-
mental consequences of their actions, a vision in which the design of products and 
processes ought to be aimed at reducing environmental impact along their life cycle 
prevails. During Research, Development and Engineering stages, emphasis is placed 
on energy consumption, the reduction of toxic materials, cautiousness in the use of 
scarce raw materials or the minimisation of waste production in industrial processes 
or at the end of the life cycle of the product. Take, for example, the design of refrig-
erators that have replaced products that contained gases that were harmful to the 
environment; or the imposing of laws that do not allow the use of asbestos in build-
ings; or the choice to refrain from using glues, dyes or surface treatments that may 
risk the health of humans and the environment.

The development of eco‐efficiency practices originates from previous efforts to 
control and treat pollution or from interventions, often imposed by environmental 
regulations, aimed at controlling and reducing the amount of emissions and affluents 
released into the atmosphere through the adoption of end‐of‐pipe technologies, 
developed to reduce or remove the polluting agents emitted during the production 
process. Examples are filtration and depuration systems for waste water or treat-
ments to purify the air using systems to reduce hazardous dust or even sound insula-
tion systems to curb noise pollution. A much more proactive approach was developed 
over time to this purely reactive and ex‐post control approach, based on an ‘anticipate 
and prevent’ logic, aimed at developing integrated environmental strategies and 
cleaner production programmes (UNEP, 2004). The key feature of this development 
consists of a shift upstream, during the product development and industrialisation 
phases, of the attention to be paid to the reduction of practices that have an impact on 
the environment, through pollution prevention rather than end‐of‐pipe pollution con-
trol. The increasing awareness that it is possible to reach both profit targets and goals 
to reduce environmental impact has therefore led to the affirmation of eco‐efficiency 
principles, based on tools that measure the environmental impact of products and 
services, such as the Life Cycle Assessment and cradle‐to‐grave logics.

Over time, a more evolved concept has replaced the traditional concept that views 
the production of a good as a linear process, ranging from its creation to its disposal 
along a single life cycle. The more evolved concept interprets this process as circular 
or closed‐loop, in which, as already mentioned, the product is ‘reincarnated’ into 
new products at the end of its life cycle, repeating subsequent life cycles in the 
cradle‐to‐cradle logic. This may occur through the use of recovery options (see 
Chapter 7), such as the reuse, remanufacturing or recycling of products, materials 
and components, in such a way as to minimise the extraction and consumption of 
virgin raw materials.
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The goal, therefore, is not to minimise the flow of cradle‐to‐grave materials and 
their dematerialisation, but rather to exploit them in subsequent life cycles. This is 
the case, for example, in products made entirely from natural raw materials, such 
as fabrics and carpets made from natural, biodegradable fibres that may be reused as 
compost or as inputs in new productions; or the case of manufactured products, such 
as bags and backpacks made by reusing lorry tarpaulins or advertising canvases, 
recovered after use; or the use of scrapped‐wood chips from timber mills to create 
cross‐laminated timber panels used in construction.

The arrival point of this evolutionary trajectory lies in design choices based on 
eco‐effectiveness, which go beyond the quest to eliminate all forms of environmental 
impact and, by completely prohibiting the use of toxic materials or materials that 
have an impact on the environment, aims to develop products and processes that 
maintain, or better, increase the quality and productivity of the resources used along 
life cycles repeated in the cradle‐to‐cradle logic. ‘The concept of eco‐effectiveness 
proposes the transformation of products and their associated material flows such that 
they form a supportive relationship with ecological systems and future economic 
growth’ (Braungart et al., 2007, p. 1338).

Whereas eco‐efficiency approaches claim that ‘less is better’, or that a reduced 
use of toxic or scarce materials is beneficial to the environment by limiting their 
impact, eco‐effectiveness systems are based on the affirmation that ‘bigger is better’, 
where bigger means the possibility of developing products and businesses that enable 
the resources of the planet to be regenerated, through, for example, regional 
development initiatives, such as those linked to interventions aimed at replanting, 
repopulating, feeding and so forth, with the objective of producing a positive foot-
print (McDonough and Braungart, 2002, pp. 77 and 78). From an industrial point of 
view, take, for example, the possibility of using plastic materials largely used in 
packaging and products such as polyethylene, polypropylene, polystyrene or others 
that, due to their high carbon content, may provide a source for carbon‐based value‐
added products, such as light hydrocarbons, carbon black/activated carbon, carbon 
fibres, carbon nanotubes and graphene, which can be used in new generations of 
products, like sports gear based on composites, electrodes, electronics, photovoltaic 
devices and so on (Zhuo and Levendis, 2014). Another example is Dunlop Wellington 
boots, which are made from polyurethane, PVC and rubber, and completely recycled 
through the re‐grinding and re‐manufacturing processes of old boots collected from 
customers (Ulrich and Eppinger, 2012).

Going back to the concept of the Circular Economy, eco‐efficiency is connected 
to a linear vision of industrial processes, based on a cradle‐to‐grave approach, 
whereas eco‐effectiveness is based on a circular vision of the multiple life cycles 
typical of the cradle‐to‐cradle vision.

This distinction is at the root of the concepts of down‐cycling and up‐cycling (Pauli, 
1998; McDonough and Braungart, 2002; Souza, 2012). Down‐cycling is defined as the 
case where a material loses value during the recycling processes, because several or all 
of its properties change, meaning that it can therefore only be used in alternative or 
secondary productions, as is the case of recycled paper used to make newspapers or 
several plastics that can be used for low‐performance products. On the other hand, 
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up‐cycling is the ability to recycle materials and components for use in the same 
original products, or better, in higher‐value productions, as is the case mentioned 
 earlier of sports gear made of carbon that comes from the up‐cycling of polymers.

3.5 the deSign For approacheS

As already mentioned, the choice to act in accordance with the principles of sustain-
ability and to measure business activities from the Triple Bottom Line perspective 
(Elkington, 1998) affects all business processes and decisions. This way of thinking 
must, therefore, be implemented right from the concept‐design phase of a new prod-
uct or process, permeating the logics that each business uses to manage its innovation 
processes. The importance of careful product design is in fact often underestimated by 
companies that develop a general outline of products and prototypes, and then pro-
ceed with the modifications and the completion of the bill of materials at a later time, 
often once production has already started. In various studies it has been estimated that 
more than 70% of the life cycle costs of a product are conditioned during the design 
phase (Gatenby and Foo, 1990; NRC, 1991) and that a modification made during the 
design phase costs one‐tenth of the cost of the same modification during the prototype 
phase and one‐hundredth of the cost of the same modification to be made to the 
launched product (Stroufe and Melnyk, 2013). Therefore, the attributes that also 
render a product consistent with sustainability requirements must immediately form a 
part of the skills and knowledge of the designers, as well as the design specifications 
of the product and its packaging, in addition to the process to manufacture it.

In the majority of sectors, these activities are generally delegated to the Research, 
Development and Engineering departments, since, in other environments character-
ised by a high level of creativity, they are the responsibility of the design or styling 
or ‘collection development’ department. Regardless of the heterogeneity of the 
industrial sectors in which innovation takes place and the organisational units respon-
sible for its development, what stands out is the vision that underlies product innova-
tion. In the production of consumer goods or durable consumer goods in particular, 
innovation processes are generally aimed at creating a product suitable to be used in 
a single life cycle, at the end of which it is disposed of and replaced by a more recent 
and high‐performing version of the product. According to this consolidated approach, 
the attention of the designer is therefore focused on optimising the quality/cost ratio 
of the product, based on its expected positioning and the target market segment to 
which it is proposed, focusing on raising the numerator of this ratio in terms of aes-
thetics, features and intrinsic performance or reducing its denominator, especially in 
terms of variable costs. This objective, as expressed also in the paradigm of the Triple 
Bottom Line, remains valid, because each profit or not‐for‐profit business providing 
goods or services must generate margins that are to be reinvested according to its 
institutional goals and must compete in an environment of scarce resources.

Nevertheless, in the new product development process environmental and social 
sustainability objectives must also be placed side by side with economic sustainability 
objectives. This can be achieved by considerably modifying the logics underlying the 
new product design processes and the production and distribution processes associated 
with the product, guiding the logics towards a different and more complex vision: the 



SUSTAINABILITY AND NEW PRODUCT DESIGN 65

product must generate uses in more timeframes and along more life cycles, in 
order  that it may be reused  –  partially, in full or through possible transformation 
processes – with a view to optimising its environmental and social impact.

The adoption of this vision was codified in a series of practices, guidelines and 
principles that are included in the approach defined as Design For Environment – DFE. 
As will be explained in more detail next, the main objective of DFE is to combine 
economic sustainability with environmental sustainability in the broad sense; it also 
comprises several components of social sustainability.

DFE is one of the approaches that can be counted among the design logics that 
belong to the Design For X (or Design for eXcellence) family. In fact, Design For X 
(Chiu and Okudan Kremer, 2011) means the multiple approaches and techniques, 
developed over the years by design and development bodies, all aimed at using ad 
hoc design solutions to anticipate the subsequent management of problems linked to 
business processes that involve a new product along its production, distribution, use 
and disposal phases. Several examples of this are the techniques of Design for 
Manufacturing, aimed at facilitating automated manufacturing processes; Design for 
Assembly, in which product components are designed taking the efficiency of the 
subsequent assembly methods into account; Design for Quality, aimed at improving 
product quality and facilitating its control; Design for Logistics, aimed at improving 
efficiency in transportation, storage and the use of packaging materials; and Design 
for Recycling, aimed at encouraging recovery processes at the end of life cycles and 
so forth, as exemplified in Figure 3.3.

Material recovery
or disposal

Piece part
reprocessing

Dis-assemblyUseAssemblyPiece part
manufacture

Design of parts and
manufacturing processes

Design of parts and
manufacturing processes

Design for re-processing

Design for disassembly

Design for inspection

Design for life cycle

Design for market

Design for manufacture

Design for manufacture and assemblyD
F

X

Figure 3.3 The Design for X approaches. Source: Reproduced with permission of The 
British Standards Institution2.

2To provide guidelines to design with consideration for the whole product life cycle, British Standards 
Institution (BSI) published BS 8887‐1 series (2006) Design for Manufacture, Assembly, Disassembly and End 
of Life processing (MADE). The series of original regulations (2006) as a result were subsequently updated.
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By analysing these methods in many cases solutions can be created, as a sub‐
objective of the primary objective for which the methods were devised, that can indi-
rectly generate beneficial effects in terms of environmental impact. Take, for example, 
the following cases, in which a Design for X techniques may be advantageous from 
an environmental perspective:

 • In Design for Quality, the replacement of materials with high environmental 
impact with others that are more respectful to the environment or the 
reduction of waste through the redesign of component structures or better 
nesting systems.

 • In Design for Assembly/Disassembly, the design of assembly cycles that may 
facilitate the disassembling of similar parts, thus making them easier to separate, 
recycle or reuse.

 • In Design for Logistics, the reduction of packaging or the design of reusable 
packaging, aimed at a lower environmental impact, or the miniaturisation of 
products so as to increase the transported value density and to reduce the 
amount of transport and connected impacts of CO

2
.

 • In Design for Maintenance, the simplification of construction and assembly 
criteria, aimed at encouraging easy and fast maintenance, may support the 
subsequent disassembling aimed at product remanufacturing or dismantling 
practices.

3.5.1 design for environment

Although, as highlighted, several of these approaches may demonstrate positive 
effects in terms of environmental impact, they were designed with the primary 
objective of improving business competitiveness, through the reduction of costs or 
the improvement of quality and other performance features of the product. Thanks to 
the growing emphasis placed on sustainability, only recently has a series of studies 
aimed at paying more attention to the subject of environmental and social impact 
emerged, which deliberately focus on the design of sustainable products from these 
perspectives (Spangenberg et al., 2010). These methods have been given different 
names (Bevilacqua et al., 2012), such as Green Product Development, Green Design, 
Sustainable Product Design, Ecodesign, Life Cycle Design, Sustainable Design, 
Design for Eco‐efficiency, Design for Disassembly, Design for Reuse & Recycle and 
so on. Next, for the sake of simplicity, we shall refer to these approaches with the 
term DFE – Design For Environment.

In order to have a better understanding of what is meant by DFE, it is worth ana-
lysing several definitions taken from the most recent literature:

Design For Environment means designing products that minimise environmental 
impact throughout their life cycle, including raw material extraction, transporta-
tion, manufacturing, packaging and distribution, use by consumer, and end‐of‐life. 
(Souza, 2012, p. 65)
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Design For Environment is the systematic consideration of design performance with 
respect to environmental, health, safety and sustainability objectives over the full prod-
uct and process design. (Fiksel, 2012, p. 6)

Design for Environment is a way to include environmental considerations in the product 
development process… . DFE provides organizations with a practical method to mini-
mize these (environmental) impacts in an effort to create a more sustainable society. 
(Ulrich and Eppinger, 2012, p. 231)

Several important aspects emerge from these definitions, which can be summarised 
as follows:

 • First of all, there is the repetition of the need to appreciate the impact of design 
throughout the entire life cycle of the product, from the extraction of raw mate-
rials to its end of life choices, from the perspective defined earlier as Physical 
and Business Life Cycle thinking.

 • Second, emphasis is placed on the systematic character of the proposed 
approach, which must become an integral part of design routines and the objec-
tives of all organisations, as well as the knowledge, methodological approaches 
and mindset of managers and designers.

 • Third, focus is placed on the fact that sustainability requirements and the 
attention placed on them during the design phase must not concern simply the 
product and its materials and components, but also the processes for the acqui-
sition of the latter, the manufacturing of the product, its distribution and the 
recovery of its residual value at the end of its life cycle, according to the mana-
gerial approach defined Closed‐loop Supply Chain (see Chapter 7).

Business management must therefore devise specific programs, strategies and prac-
tices, aimed at directing new product and process design efforts towards the pursuit of 
environmental sustainability objectives. In this regard, different Design for Environment 
strategies can be drawn up, which can be associated with the different stages of the 
product’s life cycle, as exemplified next (National Center for Design – RMIT, 1997):

Raw material extraction and processing
 • Design for resource conservation.
 • Design for low‐impact materials.
 • Design for biodiversity conservation.

Manufacturing, packaging and distribution
 • Design for cleaner production.
 • Design for low‐impact packaging.
 • Design for efficient distribution.
 • Design for maintenance.

Product use
 • Design for energy efficiency.
 • Design for water conservation.
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 • Design for minimal consumption.
 • Design for low‐impact use.
 • Design for service and repair.
 • Design for durability.

End of life
 • Design for environment.
 • Design for reuse.
 • Design for remanufacturing.
 • Design for disassembly.
 • Design for recycling.

As already stated, the traditional approach, which interprets the creation of a prod-
uct designed to perform for a single life cycle – cradle to grave – according to a linear 
view, foresees the development of a one‐way flow from the extraction of the raw 
materials until the final disposal of the product. The analysis of impact in terms of 
sustainability of such a process can be conducted in the first place using tools such as 
the Life Cycle Assessment Matrix (Crowther, 1999), in which impact is assessed in 
terms of energy use, resource depletion, waste and pollution, social issues and so on, 
during the different life cycles of a product, as  illustrated in Figure 3.4, which uses 
the case of a cement producer as an example.

This example suggests that the aforesaid table can be adapted to different sectors 
and more details can be provided in terms of the analytics of the phases along the 
vertical axis and the type of impact along the horizontal axis, as well as in terms of 
quantitative measurements for the assessment of impact (CO

2
, cubic metres of waste, 

kilowatts absorbed etc.) and it can be used to compare the environmental impact of 
different projects.

Impact in terms of sustainability can be significantly modified if, as mentioned 
several times, the principles and approaches of the DFE are introduced, shifting the 
focus of product design and manufacturing from the cradle‐to‐grave logic to that of 
cradle‐to‐cradle (from eco‐efficiency to eco‐effectiveness), or imagining – according 
to a circular view – the possibility of reusing all or part of the manufactured product 
and the identification of possible return flows and recovery options for product life 
cycles repeated over time.

Careful planning may in fact create recovery options, such as:

 • The relocation and reuse of the product, if it is designed with criteria of versa-
tility of use and if a secondary market exists.

 • The reuse of components, if the design has adopted a modular structure and 
standardisation criteria.

 • The recycling and, if it is possible, up‐cycling, of materials, if materials that can 
be easily disassembled and separated are used.
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In order to be able to introduce a different sensitivity to the subjects of sustain-
ability to businesses and design bodies and to encourage the systematic and struc-
tured adoption of the logics of Design For Environment, over time a series of 
guidelines and measures have been designed and improved that can be summarised 
under different headings, such as, among the most common, those that underpin the 
methods known as Design for Disassembly, Design for Remanufacturing and Design 
for Recycling (Pahl and Beitz, 1996; Deasi and Mital, 2003; Vezzoli and Manzini, 
2008; Hatcher et al., 2011).

IMPACTS

Stages Energy
use

Resource
depletion

Waste 
and 

pollution

Species
and

habitat 
loss

Human
health

Social
issues

Extracting resources: 

- Limestone quarry
* ***** ** ***** **

Processing Materials: 

- Stone crushing
- Staker and reclaimer

*** * *

Processing materials: 

- Feeder
- Raw mill 
- Separator

*** *

Klinker production: 

- Precalciner
- Rotary kiln
- Cooler

***** *

Cement production:

- Cementer mill
- Air classifier
- Cement silos

*** * *

Packaging and
transportation:

- Trucks
- Train
- Bulk

** *** * ** ***

Quarry rehabilitation ** Positive impact

*= Low impact 
***** = High impact

Figure 3.4 Life Cycle Assessment matrix in a cement producer.
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3.5.2 dFe principles

The possibility of developing projects according to DFE logics can be taken and 
integrated into the cultures of product design and development bodies by basing 
design choices on a series of principles.

Among the different classifications and incentives drawn up by scientific litera-
ture and management practices, see, for example, the ten Golden Rules (Telenko 
et  al., 2008) or similar guidelines (Luttropp and Lagerstedt, 2006). Next, we will 
dwell upon the classification which, in our opinion, is the most complete and well 
known, paying close attention in particular to the first four principles (Fiksel, 2012):

1. Embed Life Cycle Thinking into the product development process

The design of a product or process must be inspired and guided by Life Cycle 
Thinking, or by an awareness, supported with stringent methodologies and 
practices, that forces designers to consider the impact and consequences of 
their choices along the entire life cycle of a product and its Physical Life Cycle 
in particular. The attention generally paid to product performance, its features 
or cost must be combined with environmental sustainability and social impact 
considerations. Once again, at each stage of the various processes, from sourc-
ing (materials, components, energy etc.), the making process (manufacturing, 
assembling, packaging etc.), the delivering (transporting, stocking, repackag-
ing etc.) and the support along the life cycle (maintaining, repairing, upgrading 
etc.) to the final recovery options (reusing, remanufacturing, recycling etc.), 
Triple Bottom Line goals must be taken into consideration. The creation of 
value for the shareholder must go hand in hand with the creation of value for 
the stakeholder, with the constant quest to exploit recovery opportunities and to 
seek revalorisation in each phase of the process, as well as in technological and 
management choices. For example, through the use of technologies that mini-
mise industrial waste or processes that enable it to be reused or re‐introduced 
into the economic cycle, logistic choices can be made that minimise the 
 frequency of transportation and production processes that enable the reuse of 
waste to produce energy, such as thermo‐valorisation.

2. Evaluate the resource efficiency and effectiveness of the overall system 

Since the actors at the various stages of the value chain form a part of a broad 
economic system, they ought to assess the impact of their own design choices 
on the overall system and not limit themselves to the supplier‐client links to 
which they belong. Environmental and social impact analysis goes well 
beyond the boundaries of the economic transactions of the focal company 
with its direct external partners and is extended to the upstream and down-
stream processes of the entire chain, involving all the subjects along the way. 
The upstream processes refer to the methods for extracting materials and the 
production of components, as well as the use of energy to produce the product, 
whereas downstream refers to the storage, packaging, distribution, possible 
maintenance and repair methods until its final disposal. Multiple environ-
mental and social effects are generated along all the phases of these processes, 



SUSTAINABILITY AND NEW PRODUCT DESIGN 71

which must be evaluated by focusing on maximising the efficiency and effec-
tiveness of the entire system. In this respect, the attention of the designer must 
be focused on actions that favour eco‐effectiveness solutions, in addition to 
eco‐efficiency solutions, as described previously. The choice of materials that 
can be used in recycling processes is a step in this direction, such as the case 
of packaging that, once recovered and processed, can become input for further 
processes or products.

By extending design logics to management choices that lead to the production 
of a product, the concept explained here still stands. Take, for example, the impact, 
in terms of social sustainability, of the increasingly common practices of global 
sourcing or off‐shoring in countries that do not have strict controls in terms of 
protection of workers and employment regulations. There is a growing number of 
cases in which companies, including those with a high reputation, entrust produc-
tion phases to subcontractors that do business through the unacceptable behaviour 
of social dumping, based on the exploitation of child labour or the subjection of 
their employees to inhumane working conditions or even the use of toxic mate-
rials or the implementation of uncontrolled and highly polluting processes.

3. Select appropriate metrics to represent product life cycle performance

As will be explained in more detail in Chapter 8, the need to create performance 
measurement systems that are consistent with sustainability goals and reliable 
reporting systems has become widespread on a single process, company or 
even economic systems level. Take, for example, the guidelines and business 
metrics developed by international institutions as GRI  –  Global Reporting 
Initiative, or UN Global Compact (GRI, 2015; UN GC, 2013).

Limiting our analysis to the context of the company, the possibility of 
planning performance measurement systems, aimed at monitoring the envi-
ronmental and social impact of the choices made, translates into different 
solutions depending on:

 • The objectives with which key performance indicators (KPIs) and reporting 
systems are designed; in this regard – as already mentioned (see Chapter 2) – a 
distinction is made between the look‐back systems, namely the systems aimed 
at the ex post control of variance compared to the target or planned values, 
and look‐forward systems, namely those predominantly aimed at attempts to 
interpret and diagnose the monitored processes, with the goal of finding use-
ful pointers for the implementation of continuous improvement projects.

 • The different degree of effectiveness in accordance with the appropriate 
performance measurements, produced in different ways from contexts in 
which sustainability trends are enforced by regulations and legal controls, 
choices to comply with voluntary certifications or more simply by ethical 
approaches, be they justified by communication objectives or by elements 
that identify the company values.

 • The degree of integration with other performance measurements, such 
as,  for example, economic and financial, market, operations or company 
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environment measurements. This case involves more extensive integrated 
reporting systems, as is the case in the well‐known and widespread 
approaches developed with reference to Balanced Scorecards (Kaplan and 
Norton, 1996, 2001) or other systems designed with the intention of creating 
management dashboards (reporting systems containing the relevant key 
performance indicators to lead a company) aimed at continuous improve-
ment (Lynch and Cross, 1991).

The measurements are generally industry‐specific, even if some, such as the 
level of use of toxic materials or energy consumption, are frequently and widely 
used together with other company performance indicators. In this regard, 
please refer to Box 3.2.

4. Maintain and apply a portfolio of systematic design strategies

All companies ought to bear their own design experience and the design experi-
ence of others in mind when adopting design practices that are consistent with 
sustainability objectives. In order to do this, it is necessary to draw up and codify 
guidelines and to promote them through training and education initiatives, pay-
ing careful attention that they are applied systematically and correctly by 
designers. In various sectors, ad hoc design guidelines have been developed. 
One of these sectors is construction, in which regulations and green labels for 
the use of design and construction practices that are environmentally friendly 
have been implemented for years, such as, for example, LEED – Leadership in 
Energy and Environmental Design Certification (USGBC, 2015); a further 
example is the use of different Energy Labels, such as those used to define the 
different Energy Efficiency Classes of domestic appliances.

box 3.2 exampleS oF perFormance indicatorS linked 
to SuStainability

Metrics used for Product Recovery Options (reuse, remanufacturing and recy-
cling), Time required for product recovery

 • Percentage recyclable/reusable materials available at the end of product life.
 • Percentage product volume or weight recovered and reused.
 • Purity of recycled materials recovered.
 • Percentage recycled materials used as input to manufacturing.
 • Percentage product disposed.
 • Fraction of packaging or containers recycled.
 • Core (return product) return rate.
 • Ratio of virgin to recycled resources.
 • Ratio of materials recycled to materials potentially recyclable.
 • Percentage product (or weight or volume) disposed in landfills.
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The development of a new product generally is divided into the following 
phases, according to the approach known as stage‐gate: planning, concept 
development; system‐level design, detail design, testing and refinement, pro-
duction ramp‐up (Ulrich and Eppinger, 2012):

 • Planning: starting with corporate strategy, with an evaluation of the techno-
logical development of market objectives; this phase defines the main objec-
tives and components of a project, such as the target market, expected 
volumes, possible risks, and constraints and so on.

 • Concept development: in consideration of the selected target market, in this 
phase alternative project concepts are created and evaluated, restricting the 
field to those to be subjected to further development and testing phases.

 • System‐level design: in this phase the architecture of the product and its 
decomposition into subsystems and components are defined, as well as the 
main methods to be used during its production and assembly processes.

 • Detail design: in this phase specific design techniques, structures and man-
ufacturing tolerances are identified, and dimensional drawings, production 
instructions and specifications for the provision of the components and 
materials are developed, as well as all the necessary information to define 
the estimate of cost of the product and its performances.

 • Testing and refinement: once the specifications have been defined, proto-
types, samples and pre‐series are made, aimed at evaluating the different 
characteristics and performances of the product, such as, for example, the 
coupling of modules and components, several features and performances, 
several market tests, the study of the methods of manufacturing and assem-
bly on the part of the engineering department and so on.

 • Production ramp‐up: in this last phase the prototypes and the pilot processes 
are abandoned in order to manufacture products in increasing volumes with 
the technology and production processes studied in order to achieve full 
production. At the same time, the reliability of the processes is evaluated, 
together with the quality of the product, the reactions of the client or selected 
market segments.

Design guidelines, and therefore also those related to sustainability, must be 
observed right from the concept design phase, in which the product concept is 
devised since, as already stated, it is in this phase and the subsequent system 
design phase that the majority of the choices and costs that will emerge along 
the entire life cycle of a product are determined. Two types of guidelines can 
be set (Fiksel, 2012, p. 118):

 • Prescriptive guidelines, in which binding rules are established, or prohibi-
tions on the use of materials, such as, for example, asbestos due to its carcin-
ogen impact or the CFC – Chlorofluorocarbon gases for their ozone‐depletion 
effects.
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 • Suggestive guidelines, which are not binding and originate from the experi-
ence that each company and sector accumulates.

From a managerial point of view it is more interesting to dwell briefly upon 
the second set of guidelines, as the first set are imposed by laws and regula-
tions. The design strategies that are widely applied in many manufacturing 
businesses are described in brief next. These guidelines can be grouped into 
four sections (Fiksel, 2012, p. 119):

 • Design for dematerialisation, which aims to reduce the quantity of materials 
and energy used.

 • Design for detoxification, which aims to minimise and, if possible, put an 
end to the use of materials that are toxic and hazardous for the environment 
and humans.

 • Design for revalorisation, which aims to make the most out of the recovery 
options in place for each residual material and for the energy produced at 
each stage of the life cycle of a product, focusing on minimising the produc-
tion of waste and the use of virgin raw materials.

 • Design for capital protection and renewal, which refers to the objective of 
ensuring the safety, productivity and continuity of economic, human and 
natural resources used.

All actions based on these guidelines must refer explicitly to the product design 
and the related processes for the acquisition of materials, manufacturing pro-
duction, distribution, use and disposal of the product along its entire life cycle. 
In Table  3.1 these main strategies are examined one after the other under 
specific guidelines and then in more detailed and precise best practices.

These strategies demonstrate different impacts and take on a different value 
compared to the general objective of sustainability.

 • Dematerialisation processes are, in fact, the best solution for releasing 
economic growth from the consumption of the resources of the planet; an 
example of this is the production of packaging that is becoming thinner and 
thinner in such a way as to use as little material as possible, as is the case in 
PET – Polyethylene bottles, or the replacement of components originating 
from raw materials with remanufactured or recycled materials, as in the pro-
duction of recycled plastic parts or, even, the adoption of more efficient 
processes in terms of the use of energy or water resources, as is the case in 
modern dyeing processes in which wastewater is purified and reused.

 • Detoxification strategies are aimed at reducing the environmental impact of 
hazardous materials and emissions. This is the case of chemical products that 
are reformulated to reduce the content of solvents or that are treated with spe-
cial technology to reduce levels of toxicity. In several cases, the use of certain 
hazardous chemical products, such as those used as flame retardants for many 
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table 3.1 design for environment strategies, guidelines and best practices

Strategies Guidelines Best practices

1. Design for 
dematerialisation

1.1.  Design for 
energy and 
material 
conservation

• Life cycle resource intensity reduction
• Recycled or renewable material specification
• Remanufactured or refurbished components
• Product functionality extension
• Product life extension

1.2.  Design for 
source 
reduction

• Product size and mass reduction
• Process scale reduction
• Auxiliary material and packaging reduction

1.3.  Design for 
servisation

• Resource management service from suppliers
• Leased product services to customers
• Substitution of services for products

2. Design for 
detoxification

2.1.  Design for 
realisation 
reduction

• Toxic and hazardous substance removal
• Process emission and waste reduction
• Life cycle waste stream reduction

2.2.  Design for 
hazard 
reduction

• Product reformulation
• Toxic and hazardous material use reduction
• Water‐based technologies

2.3.  Design 
benign waste 
disposition

• Responsible treatment and disposal
• Waste sequestration
• ecosystem adsorption
• Biodegradation

3. Design for 
revalorisation

3.1.  Design for 
product 
recovery

• Secondary utilisation
• Reusable components and packaging
• Component or product refurbishment
• Remanufacturing

3.2.  Design for 
product 
disassembly

• Product simplicity
• Disassembly sequencing
• Component accessibility
• Component and material separability

3.3.  Design for 
recyclability

• End‐of‐life material recovery
• Closed‐loop material recycling
• Waste composition and homogeneity
• By‐product synergy and industrial ecology

4.  Design for 
capital protection 
and renewal

4.1.  Design for 
human 
capital

• Workplace health, safety and ergonomics
• Product safety, integrity and efficiency
• Public health, safety and security

4.2.  Design for 
natural 
capital

• Climate change mitigation
• Water resource protection
• Ecosystem integrity and biodiversity protection
• Land conservation and restoration

4.3.  Design for 
economic 
capital

• Process reliability, safety and security
• Business continuity and supply chain resilience
• Asset utilisation and resource productivity
• Reputation and brand protection

Source: Fiksel 2012. Reproduced with permission of McGraw-Hill.
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products (like, for example, electrical cables and for telecommunications) are 
restricted by specific regulations and at the end of their life cycle the products 
must be recovered and treated by the companies that manufactured them. 
While these strategies reduce the environmental impact of dangerous 
 emissions, they do not necessarily minimise the consumption of scarce 
resources; take, for example, the development of new products such as 
water‐based paint, which is slowly replacing the use of polluting solvents, 
but on the other hand uses up water resources.

 • Revalorisation choices, similar to those of dematerialisation, which 
encourage development by limiting the consumption of resources, where the 
objective is to reuse the residual value of materials and the energy generated 
during the various stages of the product life cycle; this is the case in the 
reconditioning of used products, such as toners, or the reuse of materials, 
such as PET – polyethylene in plastic bottles to produce fleece garments, 
aluminium tins for multiple uses or the co‐generation of energy or thermo‐
valorisation processes. For example, Ricoh designed its new line of photo-
copiers and office printers – Green Line – with the aim of maximising the 
reusability of products and components and minimising the use of raw mate-
rials. Reusing recovered, inspected and reused materials, originating from 
leasing agreements through local facilities, Ricoh estimates that it will be 
able to reduce the cost of materials and components used by 30% (Nguyen 
et al., 2014, p. 53).

 • Capital protection and renewal practices, in their different forms – human, 
natural, economic and social – must be understood in a broad sense, as they 
concern the possibility of maintaining, and if possible developing, all forms 
of capital. Taking only human capital into consideration, represented, for 
example, by the employees of a company, the practices involve the design of 
factories, offices and spaces that guarantee dignity, opportunities to socialise 
and professional development or the more and more frequent cases of 
company welfare projects that offer support to employees and their families 
through education structures, day care facilities and so on.

5. Use analysis methods to evaluate design performance and trade‐offs

Taking the environmental impact of a design solution into account must lead 
the designer to develop and apply methods for assessing the possible options 
and their implications in strict and objective sustainability terms, on a par with 
the assessment of other design choices. Similar to the activities generally car-
ried out during the design and development phase, in which the performance 
of a product is estimated and assessed in terms of its features, or the performance 
of a geometric component in terms of its acceptable tolerance during assembly 
or a material or fabric in terms of its resistance to scratches or traction, or even 
the viscosity of a lubricant or the power of electric motor, the assessment of 
design for environment choices must be made using methods and techniques 
that are capable of quantifying, or at least rating in comparative terms, whether 
these choices fit with design objectives.



SUSTAINABILITY AND NEW PRODUCT DESIGN 77

There are a large number of techniques and approaches for conducting anal-
ysis that enable the expected performance, the connected risks, the costs and 
the impact in financial terms of the different options to be measured during the 
design phase. Depending on the specific design objective, according to Fiksel 
(2012, p. 166), the assessment process must follow three phases:

 • Screening, using methods that make it possible to restrict design options to 
the respecting of the defined goals.

 • Performance assessment, using methods that enable the expected 
performance of the different design choices to be measured and evaluated in 
compliance with the defined goals.

 • Trade‐off analysis, adopting methods that enable the comparison of different 
design choices, based on cost and associated sustainability performances.

As already stated, there are many methodologies used in the different 
phases, such as checklists, like the one developed for NECTA Vending 
Solutions, the European leader of drinks and food vending machines (Vezzoli 
and Sciama, 2006), or scorecards, like the one developed by Wal‐Mart to eval-
uate packaging alternatives (Souza, 2012, p. 70), or footprint indices, like the 
one used by Barilla to measure impact in terms of water consumption and CO

2
 

emissions (Barilla, 2015).

6. Provide software capabilities to  facilitate the application of DFE practices 
The development of complex projects that ought to keep countless variables 
under control, on the one hand, and the need to accumulate specific know‐how 
in appropriate repositories and knowledge‐sharing systems, on the other hand, 
have led to software applications that can be used during the design, testing 
and simulation phases, such as the CAD/CAE – Computer Aided Engineering 
and Computer Aided Design systems, as well as the technical, economic and 
financial assessment phases.

Furthermore, nowadays the diffusion and pervasiveness of ICT systems – 
Information and Communication Technology – offer innumerable software and 
application tools to measure the impact of design choices and the use of mate-
rials or processes in terms of Carbon Footprint or other similar metrics. The 
growth in prototype technology and modelling based on 3‐D printing applica-
tions and additive manufacturing has also opened new frontiers in the design of 
complex parts, minimising the use of materials. The possibility of extracting 
value from end‐of‐use products is also connected to the ability to trace the use 
of the product itself, the maintenance carried out and the replacement of parts 
and components during its life cycle and so on. Take, for example, technology 
such as RFID systems. Radio Frequency Identification Devices make it pos-
sible for the history of a product to be memorised in special databases and for 
useful information on the intensity and duration of its use to be provided. 
Another example is the systems that are capable today of providing diagnostics 
in real time on the functions of complex components, such as engines or 
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electronic components. Using Analytics, nowadays we have the extraordinary 
possibility of using accessible technology and approaches to extract and archive 
data that can be used to make future improvements during the design and engi-
neering phases, to model and simulate the behaviour of products, components 
and materials and to evaluate with an increasing degree of reliability their use-
ful life and ability in terms of performance, impact in terms of cost and risk 
and, last but not least, the most relevant profiles in terms of sustainability.

7. Seek inspiration from nature for the design of products and systems

This last principle appears to be rather general and aims to encourage discussion 
on the amazing abilities of nature and the possibility of drawing inspiration 
from its observation. Take, for example, the structure of a beehive, made up of 
perfectly combined hexagons and often used in honeycomb structures, which 
has the characteristic of minimising the use of material by guaranteeing ade-
quate levels of resistance, or the perfect shape of a water droplet that takes its 
form as a result of the resistance of the liquid to air, which has inspired aerody-
namic solutions. Many innovations have drawn inspiration from nature, such as 
Velcro, which was created by observing the adhesive capacity of insects’ feet.

From the perspective of environmental sustainability, the greatest lesson 
shared by nature is, as already stated, that ‘waste is food’ for subsequent biological 
cycles, and it is precisely this that designers must draw their inspiration from, for 
example, in their choice of materials and in the identification of possible future 
uses of a product in terms of recovery options. From this perspective, as men-
tioned before, emphasis is placed on how a distinction can be made between two 
fundamental types of materials that can be used in the design and creation of a 
product: biological nutrients, which are biodegradable and can return to the bio-
sphere, and technical nutrients, which are not biodegradable, but can be reused in 
the production of the same products they came from (up‐cycling). These mate-
rials can also be defined as Biological Materials and Technical Materials and 
follow, as explained, different recovery and revaluation cycles. According to the 
approach proposed by the Circular Economy (Ellen MacArthur Foundation, 
2012; World Business Forum, 2014), in fact, components and materials must be 
separated into consumables and durable components. As far as the former are 
concerned, the objective to be pursued during the design phase is to use pure or 
non‐toxic materials, in such a way that they can be easily reintroduced into the 
biosphere, restoring the natural cycle and regenerating them; with regard to the 
latter, on the other hand, the main objective is to design their use in such a way 
that they are easily disassembled and reused or upgraded into other products, 
hypothesising the highest number of life cycles possible.

According to the Circular Economy approach, represented in Figure 3.5, 
along a product life cycle, energy and other resources are consumed, emissions 
and waste are generated and an environmental impact is always produced.

To guarantee a sustainable closed‐loop system, three challenges of product 
design arise (Ulrich and Eppinger, 2012, pp. 232–233):
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 • Eliminate use of nonrenewable natural resources.
 • Eliminate disposal of synthetic and inorganic materials that do not decay 

quickly.
 • Eliminate creation of toxic wastes that are not part of natural life cycles.

In the first group, we have natural fibres, such as cotton, wool and leather treated 
by vegetable tanning, and in the second group we have some plastics and metals. 
The underlying principle is based on the awareness of the finiteness of available 
resources and the need to design products that to some extent are ‘rented’ to the 
community, to then be withdrawn and reused as much as possible.

These two materials must be kept separate, in order to avoid the creation of 
‘monstrous hybrids’ (Souza, 2012, p. 77). These hybrids are created in 
particular when the two types of materials are used together, thus creating a 
material that is difficult to separate and that therefore ends up in down‐cycling 
processes, wasting resources and causing risks to the environment. Examples 
of this are leathers that are tanned with the use of chrome, or some fabrics dyed 
with toxic dyes or products made of wood treated with chemical impregnating 
agents or even product packaging made of cellulose fibres and synthetic films. 
However, the attention that must be paid to these aspects during design must 
obviously not reduce the ability to offer the market high‐quality products that 
meet consumers’ expectations. A valid example of how this can be done is 
provided by the choices introduced by Nike when it designed and produced a 
series of eco‐friendly shoes. One shoe, in fact, contains many materials that are 
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Figure 3.5 Natural Life Cycle and Product Life Cycle. Source: Ulrich 2012. Reproduced 
with permission of McGraw-Hill.
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not environmentally friendly, such as synthetic materials, glues and biological 
nutrients treated with chemical components or dyes that must often be  disposed 
of or recycled in productions with a lower value at the end of the product life 
cycle. Using biological nutrients, such as untreated leathers, and stitching 
rather than the traditional toxic adhesive and biodegradable, interchangeable 
soles, Nike launched products on the market that were fashionable and 
 environmentally friendly at the same time.

Companies focused on developing sustainable products can take a great 
advantage from the adoption of DFE techniques and guidelines. In order to 
properly and effectively implement DFE in their activities, as suggested by 
Ulrich and Eppinger (2012), designers and product development teams should 
follow some steps synthesised in the path reported in Figure 3.6.
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Figure 3.6 The Design for Environment implementation process. Source: Ulrich 2012. 
Reproduced with permission of McGraw-Hill.
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4
SuStainability and 
procurement

4.1 introduction

illycaffè is an Italian company established in 1933 by Francesco Illy that specialises 
in the production and distribution of coffee.

Its coffee is currently served in more than 10,000 public retailers and in over 
200 ‘Espressamente Illy’ retail points at a world‐wide level. With a turnover of 
€ 390,8 million and 1,084 employees in 2014, illycaffè is a major player in this 
industry and is renowned, in particular, for the high‐quality of its blends. The 
Vision statement of the company claims,

Our objective is to become a reference point at worldwide level in the culture and 
excellency of coffee: an innovative enterprise offering the best products together 
with the best location for their taste, achieving always higher level of standards, 
aiming to be leader in the highest level of quality in the sector. 

This search for excellence, as far as the quality of the product is concerned, 
is coupled with the commitment toward sound values, explicitly declared in the 
official documents of the company that, focusing on the distinctive features of 
illycaffè’s ethics, claim: ‘We create and share with stakeholders a long term vision 
with high added value, through our commitment to excellence, to transparency, 
to sustainability and to the personal growth and improvement.’ These values have 
driven the procurement policy carried out by illycaffè, which has heavily invested 
in its suppliers, in order to achieve the highest possible quality level of raw mate-
rials, especially green coffee. In fact, illycaffè does not buy it on the market, 
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but directly from farmers, mainly located in Brazil and other Central America 
 countries, paying them a significantly higher price to reward the better quality 
standards of their products. Because the company is aware that most farmers 
need to be supported in order to achieve higher and higher performance levels, 
several initiatives have been undertaken over time to achieve this goal. The first 
relevant project, launched when the company arrived in Brazil, was the creation 
of the ‘illycaffè Brazil Quality Espresso Coffee Award’ in 1991, aimed at finding 
the best growers by means of a competition. In 1999, the ‘Clube illy do Cafè’ was 
established, with the aim of strengthening the relationships between the company 
and its suppliers. Most of all, in 1999 illycaffè created the University of Coffee, 
which has now twenty‐three premises around the world that deliver training pro-
grams to promote the dissemination of knowledge on the culture of quality along 
the coffee supply chain, from the production of raw materials to the distribution of 
the finished product. All of these initiatives have strongly supported the suppliers 
not only in improving the quality levels of their harvests, but also in enhancing 
their managerial competences, with wide‐reaching effects in several performance 
areas, including also environmental and social ones. In the company’s view, only 
a long‐term relationship with the suppliers can determine mutual benefits and 
the achievement of the essential features of a sustainable supply chain, which 
according to illycaffè’s culture concern the following aspects:

 • Safety of products, services and processes, to pursue through compliance 
with the most severe regulations.

 • Excellence of quality and welfare, to be offered to all stakeholders of the 
company.

 • Integrity and value sharing, which involve that suppliers must adopt and 
respect the requirements mentioned in the ethical code of the company.

Given the relevance of supply management for the quality of the product and 
for the sustainability of the business, in 2011 illycaffè certified its supply 
chain management system according to the standard ‘Responsible Supply 
Chain Process’, developed by DNV GL, an independent certification agency. 
According to these guidelines, the company must strive to achieve socially 
and environmentally sound processes along the entire supply chain, ensuring 
that suppliers too are compliant with a wide set of requirements that build 
on the most relevant international standards in the field of sustainability (ILO 
Convention 182, 29 and 105, 100 and 111, 87 and 98; OECD Guidelines 
for multinational enterprises; UN Convention against trans‐national organ-
ised crime, protocol on trafficking and smuggling; Stockholm Convention on 
Persistent Organic Pollutants and Rotterdam Convention on Prior Informed 
Consent). To achieve this challenging goal, illycaffè has establish a process 
of vendor selection and control based on the analysis of several parameters, 
which also cover social and environmental sustainability and are based on 
mandatory regulations, as well as on requirements considered highly enabling. 
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the illycaffè case study witnesses the relevance of the procurement process for the 
sustainability of business activities. in fact, it shows that, on the one hand, the 
performance level of the finished product can be strongly affected by the features of 
the inputs (i.e. raw materials, components, sub‐assemblies) delivered by suppliers, 
especially if the purchasing company has a low level of vertical integration. this 
holds also for the environmental and social outcomes of the product along its life 
cycle, as its overall safety or its carbon footprint, which heavily rely on operating 
conditions and practices adopted by the suppliers. On the other hand, illycaffè dem
onstrates that vendors also have to be viewed as stakeholders of the company, who 
must be supported in order to promote their improvement in several performance 
areas, including sustainability.

in this Chapter, we will discuss how companies should manage their procurement 
process so as to pursue and achieve its sustainability in this twofold perspective.

4.2 the role of procurement in delivering 
SuStainable SolutionS

in 2014, the Center of advanced purchasing Studies research (CapS, 2014) reported 
that the average total spend for bought‐out materials and services, expressed as a 
percentage of company’s sales, is close to 52% in industrial manufacturing com
panies, and similar values can also be observed in service companies. this is clear 
evidence of the important role played by a company’s procurement department. as a 
matter of fact, this data shows that procurement is the major cost driver for most 
organisations and that, consequently, any cost‐cutting strategy that a firm would be 
willing to pursue must first of all focus on the expenses incurred to buy materials and 
services. While CapS research points out the relevance of procurement as a cost 
driver, there is clear empirical evidence that it is also an important determinant of the 
overall economic performance of the company, since the adoption of best practices 

This process involves the systematic analysis of performance indicators, classi-
fied in terms of relevance, and periodical inspections, aimed at identifying the 
main improvement areas and planning appropriate actions. Since the start of 
this program in 2010, the company has visited 1,500 suppliers’ premises, 184 
of which in 2014, for a total workload of 1,050 days devoted by illycaffè’s tech-
nicians to this activity. Furthermore, since 2010 more the 5,500 participants 
have attended the training courses delivered by the company to disseminate 
best practices among suppliers and to address the main areas of improvements 
highlighted through the audits.

Sources: illycaffè Sustainable Value report 2014, available at http://valuereport.
illy.com/assets/download/isvr_it_2014.pdf, viewed 1 March, 2016; perrini and 
russo, 2008.
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specific to this function can result not only in lower costs, but also in superior product 
performance, higher customer satisfaction and ultimately an increase in the company’s 
turnover (narasimhan and Schoenherr, 2012; gonzález‐benito and gonzález‐benito, 
2005; Carr and pearson, 2002). among these practices, those concerning ethical and 
sustainable procurement have gained momentum (Krause et al., 2009). in fact, espe
cially due to lower labour costs that are characteristic of some areas, outsourcing and 
off‐shoring solutions have recently become popular among both manufacturing and 
service companies, thus leading organisations to operate in countries that are unfa
miliar to them. in such cases subcontractors and suppliers could use their production 
resources according to standards that do not always comply with what can be con
sidered fair and safe working conditions or environmentally sustainable practices. in 
this regard, the way in which companies can address the challenge of ethical and 
sustainable procurement is twofold (gimenez and tachizawa, 2012). On the one 
hand, suppliers and sub‐contractors that can guarantee that adequate levels of 
 environmental and social performance should be preferred. this is achieved through 
the adoption of vendor‐assessment tools that embed these principles. On the other 
hand, companies could adopt a more challenging approach based on a broader defi
nition of the boundaries of their responsibility, extending them beyond the reach of 
the corporation’s ownership and direct control. according to this view, companies 
should promote the diffusion of social and environmental practices among their 
supply chain partners, in particular if the latter are small‐sized enterprises, structur
ally unable to invest in wide‐reaching projects, and/or when they are located in devel
oping countries, where such practices are seldom imposed by local legislation. in 
particular, while until recently the ethical dimension of procurement was primarily 
based on the ‘green’ performance of the suppliers, the current predominant approach 
regards sustainability in the sourcing processes as the ability to achieve both high 
social and environmental standards along the supply chain, even going beyond 
the requirements of national legislations (Miemczyk et al., 2012). this evolution is 
witnessed by the various definitions of ‘sustainable procurement’, some of which are 
stated next:

‘green supply refers to the way in which innovations in supply chain management 
and industrial purchasing may be considered in the context of the environment’ 
(green et al., 1996, p. 188).

‘environmental purchasing is defined as the purchasing function’s involvement in 
supply chain management activities in order to facilitate recycling, reuse, and 
resource reduction’ (Carter and Carter, 1998, p. 660).

‘Supply management activities that attempt to improve the environmental 
performance of purchased inputs, or of the suppliers that provide them’ (Walker 
et al., 2008, p. 75).

‘Managing the optimal flow of high‐quality, value‐for‐money materials, compo
nents or services from a suitable set of innovative suppliers in a fair, consistent, 
and reasonable manner that meets or exceeds societal norms, even though not 
legally required’ (eltantawy et al., 2009, p. 101).
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‘Sustainable procurement (Sp) is procurement that is consistent with the princi
ples of sustainable development, such as ensuring a strong, healthy and just 
society, living within environmental limits, and promoting good governance’ 
(Walker and brammer, 2009, p. 128).

‘Sustainable procurement can be defined as buying goods and services in environ
mentally, socially and economically conscious ways’ (Walker et  al., 2012, 
p. 3558).

also in the field of public procurement, which is the responsibility of govern
mental institutions, the same attitude toward the concept of ‘sustainability’ is emerg
ing. indeed, focusing on the countries of the Organisation for economic Co‐operation 
and development (OeCd), it is to be noted that official documents concerning public 
procurement policies refer to ‘green procurement’ as a practice to pursue, but in 
some cases also to the ‘social, environmental and economic issues’ of the purchasing 
process, thus highlighting a more comprehensive approach to the ethical aspects 
related to such a function, at least in some countries, such as norway, the netherlands, 
belgium and new Zealand (Walker et al., 2012).

4.3 implementing a SuStainable procurement Strategy

there are several reasons why organisations are being driven to adopt environ
mental and social procurement strategies, especially due to external pressures. 
environmental regulations and legislation, which cover a broad range of aspects of 
a company’s activities, including greenhouse gases (ghg) emissions, ground and 
water pollution, waste management and take‐back processes, represent a major con
straint in the design and management of supply chains. in addition, the increasing 
level of customers’ awareness towards sustainability is leading them to prefer more 
socially and environmentally sound products. if major competitors offer these solu
tions, the company may start to miss business opportunities. Financial institutions 
in particular see the potential of investing in companies that are improving their 
sustainability levels, especially due to the diffusion of international rankings and 
reporting systems that promote the social and green image of the company. 
Furthermore, local communities where firms operate, directly or indirectly, show an 
increasing concern in particular towards the environmental risks associated with the 
presence of manufacturing sites.

it must also be noted that companies able to embed social and environmental prin
ciples into their business processes can enjoy a number of benefits (gimenez and 
tachizawa, 2012; eltantawy et al., 2009; day, 2002; green et al., 1996), ranging from 
cost reduction to improved inputs efficiency (e.g. if more energy‐efficient vehicles 
are preferred or if physical waste can be reduced through the adoption of reusable 
packaging), superior product quality (if long‐term relationships with suppliers are 
established to promote their development and learning), enhanced corporate image if 
evidence of sustainable processes and products can be provided.
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in order to achieve these results, companies started adopting the environmental 
Management System (eMS), later relabeled as environmental and Social 
Management System in order to take into account both dimensions of a com
pany’s sustainability. an eMS builds on the principle of continuous improvement 
and, in particular, on the plan‐do‐Check‐act (pdCa) cycle (also known as 
deming’s cycle). according to this principle, organisations willing to enhance 
their performance over time have to ‘plan’ appropriate actions consistent with the 
aim to achieve, implement (i.e. ‘do’) them, monitor (i.e. ‘control’) the actual 
results and identify initiatives (i.e. ‘act’) to fill possible performance gaps. then 
the process must be re‐started and carried out over time to pursue continuous 
improvement.

Following this approach, companies that want to address their social and envi
ronmental risks must appoint a manager in charge of this process and of its daily 
duties, define objectives to pursue, design and implement appropriate procedures 
for the implementation of the continuous improvement cycle. Frequently, the 
eMS is managed according to the requirements set by ad hoc standards (in the 
field of environmental management), as iSO 14001 and the eco‐Management 
and audit Scheme (eMaS), according to which companies can also certify 
their eMS.

Focusing on the procurement process, in order to embed the principles of sus
tainability into its main activities and to deploy company’s goals into functional 
ones, it is necessary to identify its main stages. these can be described as follows 
(day, 2002):

 • identifying needs and defining specifications;
 • Vendor pre‐selection;
 • tender evaluation and vendor selection;
 • Vendor control and contract management.

in all of these stages, represented in Figure 4.1, the company has to face specific 
challenges. in Sections 4.3.1–4.3.4, such stages will be analysed, as well as the 
different tools and methodologies that can be adopted to achieve a socially and 
environmentally sound procurement process.

Identifying needs
and de�ning
speci�cations

1 2 3 4

Vendor
pre-selection

Vendor control
and contract
management

Tender
evaluation and

vendor selection

figure 4.1 Main stages in the procurement process. Source: adapted from day 2002.
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4.3.1 indentifying needs and defining Specifications

in this stage companies have to decide what their needs are and how they can be 
satisfied. these questions and the related possible answers can generate a number of 
risks, especially from an environmental viewpoint. in this regard, several approaches 
have been proposed to improve the sustainability of this stage (day, 2002):

 • Reduce the quantity to buy: concerning the quantitative dimension of the need 
(i.e. ‘how much to buy’), companies often keep on purchasing the same amou 
nt of items without considering variations of the actual needs over time. this 
can result in overstocking, which ultimately leads to more severe obsolescence 
rates. From an environmental standpoint, this is a major waste that should be 
avoided through a more precise computation of the inventory management 
parameters (bouchery et al., 2012; hua et al., 2011).

 • Reconsider conventional purchases and identify alternative solutions: very 
often, once a solution to a specific need has been found, it is never challenged, 
which means that companies keep on buying the same product/service and do 
not look for more sustainable solutions. in this regard, a systematic monitoring 
activity of the supply market can be useful to identify alternative products or 
even different ways in which a given function can be delivered. For instance, 
companies that switch to reusable packaging enjoy a remarkable reduction of 
waste management costs. Similarly, there can be cases in which procuring a ser
vice rather than a product can be more convenient and environmentally sound 
(Souza, 2012). When organisations prefer leasing or renting solutions, as in the 
case of vehicles, they can incur lower expenses, achieving at the same time a 
better environmental performance due to the fact that these alternatives lead 
toward a higher exploitation of the potential life of the product (see Section 5.5).

 • Specify green and social products: when the specifications of a product/service 
to procure are set, it must be considered that over‐specified items, which will 
deliver a function whose performance will be far beyond the needs of the 
company, can determine a number of environmental wastes (Coman and ronen, 
2009; Wills, 2009), which will be described in detail in Chapter 5. thus, during 
this stage of the procurement process, the company must look for the most 
fitting solution suitable for satisfying its actual needs, without exceeding them. 
Furthermore, among the specifications of the product, companies can also 
mention some ‘labels’ considered relevant for the product/industry, which pro
vide evidence of the environmental and/or social soundness of the item. Such 
labels are generally classified into three typologies, according to the iSO 14020 
series, which is a set of standards that provides guidelines for companies  willing 
to develop their own labels. in this regard, type i labels recognise the fulfilment 
of a set of criteria set by a third party. type ii labels are self‐declarations made 
by the manufacturers concerning the environmental features of their products. 
type iii labels are based on the adoption of the life cycle approach and provide 
quantified information about the environmental impact of the product.
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 • Redesign the product: companies should consider the possibility to revise the 
requirements of the bought‐out product, leveraging the so‐called waste hierarchy 
that identifies the following options, most of which are based on the design 
for environment approach (see Chapter 3): re‐think, eliminate, reduce, reuse, 
recycle, dispose (CipS, 2002). in this regard, purchasers can, first of all, 
‘re‐think’ the way in which a given function is delivered by the product and con
sider more sustainable options, such as renting and leasing. the ‘eliminate’ 
strategy consists of the removal (as much as possible) of hazardous materials in the 
 composition of the product. ‘reduce’ concerns not only the already mentioned 
possibility to reduce the number of pieces to buy, but also to re‐design the prod
uct so as to use a lesser amount of the materials and components, for instance, 
through the removal of unnecessary packaging. ‘reuse’ involves a re‐design of 
the product (or the search of alternative supply solutions that) so as to extend its 
life cycle. ‘recycle’ calls for a wider adoption of materials such as paper, glass 
and metals, which can be re‐processed at the end of the life cycle of the product, 
and for a re‐design of the product that enables its disassembly into its main con
stituents. all of these actions can require not only the setting of more sustainable 
requirements for the bought‐out materials, but also a direct commitment of the 
purchasing company in the co‐design of the product together with the supplier, 
especially in cases where the latter is a small enterprise that needs guidance and 
support in the adoption of sustainability practices.

4.3.2 vendor pre‐Selection

in the vendor pre‐selection phase, the goal of the company is to define a short list of 
‘approved’ suppliers that possess the conditions necessary for the establishment of a 
successful commercial relationship. Such an assessment can take several factors into 
account, which may include the financial soundness of the company, the availability 
of up‐to‐date technology and certifications or the adoption of managerial practices 
that lead towards satisfactory levels of both product and process performance. to 
accomplish this task, data and information can be collected through questionnaires 
administered to the target companies and in some cases through site visits, aimed at 
directly checking the reliability of the information collected and at gaining an 
in‐depth understanding of the overall adequacy of the potential supplier.

Questionnaires are particularly useful when they investigate issues that can be 
assessed through a ‘pass/fail’ approach. Focusing on sustainability performance, this 
may be the case for accreditations based on standards, such as iSO 14001 and eMaS 
for environmental issues, or Sa8000 for social matters. Furthermore, questions may 
also be asked about the internal organisation, so as to understand whether appropriate 
processes have been designed and implemented with regard to the establishment of 
improvement targets and the achievement of adequate results, according to a contin
uous improvement approach. thus, questions such as ‘does your organisation have a 
manager in charge of environmental Management?’; ‘does your organisation have 
an environmental policy?’; ‘has your organisation adopted an environmental 
Management System?’ can be asked in order to receive useful feedback. however, 
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although questionnaires can be an efficient way of collecting data about potential 
suppliers, they can also produce confusing or misleading information if they are 
designed inappropriately. Some guidelines to prevent these problems are briefly 
described next (day, 2002):

 • They should be clear and unambiguous: in this regard, asking questions on 
objective aspects of the company and that do not rise any problem of interpre
tation is crucial.

 • They should be consistent with the aims of the vendor pre-selection process: 
this tool is adopted to ‘approve’ a supplier and not to select it. this means that 
there will be a further stage of the vendor selection process in which more 
detailed information will be gathered. thus, it is important in this stage to dis
tinguish what is a prerequisite, from what is considered an order winner, to 
investigate further through other tools in a later stage.

 • They should be explained to suppliers: in order to prevent misinterpretations, it 
is recommended to explain the aim of this tool, as well as single questions that 
could rise doubts.

 • Suppliers should be provided with feedback: even when the supplier is not 
‘approved’, fair conduct involves feedback to the counterpart, so as to illustrate 
the main areas of weakness that determined the final assessment and, whenever 
possible, lead toward a process of improvement.

4.3.2.1 Social and  Environmental Standards and  Certifications as already 
mentioned, an important aspect to be analysed in the pre‐selection process concerns 
the accreditation of potential suppliers according to social and environmental stan
dards. possessing one or more of these certifications demonstrates the commitment 
of a company to the improvement of specific performance areas. in fact, these stan
dards are based on the continuous improvement approach (or pdCa cycle), which 
involves the definition of a strategy to be applied to specific targets, the appointment 
of managers and professionals in charge of the process, the selection of appropriate 
actions and, finally, the analysis of the results so as to re‐start the process. thus, 
when an accreditation is obtained, this means that the company is endowed with an 
organisation and structured processes that support and stimulate its improvement.

in the field of social and environmental sustainability, several standards have been 
developed, the most relevant of which are reported next:

 • ISO 14000: this is a series of international standards on environmental 
management. iSO 14001 is the cornerstone of the iSO 14000 series, which spec
ifies the requirements that an environmental Management System (eMS) must 
meet in order for a company to enhance its environmental performance, demon
strate conformance through a third‐party certification and achieve compliance 
with environmental laws and regulations by means of a voluntary accreditation.

 • EMAS (Eco‐Management and Audit Scheme): this is a management tool suit
able for evaluating, reporting and improving environmental performance. it has 
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been designed so as to enable the acquisition of information about the environ
mental performance of private and public organisations.

 • ISO 50001: like iSO 14001, this is a voluntary accreditation according to a 
standard aimed at improving energy efficiency. by adopting the framework 
embedded in this standard, companies can make better use of their energy‐con
suming assets by promoting energy‐efficient technology and behaviours, make 
a remarkable contribution to ghg emissions reduction programs and provide 
transparent information on their energy policy.

 • Social Accountability 8000: this standard provides requirements for the ethical 
behaviour of companies in the following areas: child labour, forced and compul
sory labour, health and safety, freedom of association and right to collective 
bargaining, discrimination, disciplinary practices, working hours and remunera
tion. Companies accredited with this standard establish and maintain appropriate 
procedures to evaluate and select suppliers/subcontractors (and, whenever pos
sible, sub‐suppliers) based on their ability to meet these requirements, which are 
in turn compliant with the international labour Standards (ilO).

 • Occupational Health and Safety Assessment Series (OHSAS) 18001: this is a 
standard concerning the occupational health and safety management system 
and aims to help organisations to control occupational health and safety risks, 
enhancing their performance in these areas.

4.3.3 tender evaluation and vendor Selection

during this stage of the procurement process, bids are reviewed by buyers and 
assessed against appropriate criteria, identified on the basis of the specific require
ments set for the product/service to be sourced. to identify the most competitive bid, 
companies perform the Vendor rating process, which consists of a quantitative 
assessment of potential suppliers. according to a standard procedure, performance 
criteria for vendor selection can be grouped into two main performance categories 
(dou and Sarkis, 2010; van Weele, 2009), as reported in table 4.1. the former refers 
to the strategic factors that distinguish a potential supplier and concern cost, quality, 
time and flexibility, which are the main areas against which the performance of a 
manufacturing company is traditionally assessed (neely et al., 1995). the latter is a 
bundle of organisational aspects that influence the possibility of establishing a long‐
term relationship with the supplier.

When a vendor selection process is carried out, the previously mentioned factors, 
or a sub‐group of those considered most relevant, are quantified and summarised in 
a single value (the ‘vendor rate’) through a weighting process, which takes the 
relative importance of each performance factor into account. the standard formula 
for the Vendor rate based exclusively on the strategic factors is:

 Vendor Rate Cost Quality Time Flexibility  

in this formula, α, β, γ and δ are the weights associated with the various 
performance categories. it is apparent that, depending of the type of product/service 
to be bought (e.g. commodity vs specialty) these weights can be adapted to give 
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more relevance to specific criteria. For instance, if a commodity has to be bought, α 
would have a higher value than the β, γ and δ.

More recently, companies concerned with social and environmental issues have 
started to also include these performance areas in the Vendor rating process 
(igarashi et al., 2013; hassini et al., 2012; dou and Sarkis, 2010). For example, it is 
apparent that some cost‐reduction objectives can be achieved through outsourcing 
or off‐shoring solutions in low‐cost countries, where the company may face envi
ronmental and social risks. While in the short term these options can be valuable 
from an economic standpoint, the reputational risks involved through collaborating 
with players that do not guarantee satisfactory standards of environmental and 
social performance can translate into significant losses for the outsourcer, due to 
most stakeholders being highly concerned with the ethical behaviour of companies.

table 4.2 reports a classification of the social and environmental areas that must 
be covered during the vendor selection process.

as can be seen in table 4.2, social performance can be assessed from two per
spectives. the first encompasses initiatives undertaken to support the professional 
development of employees, as well as their well‐being, especially in terms of health 
and safety. in this regard, the assessment should also consider the results achieved, 
such as the number of injuries and accidents reported in a given period of time. the 
second refers to the projects aimed at supporting the local communities, whose well‐
being can be influenced by the presence of a company’s facilities, as well as other 
stakeholders of the company (mainly customers and suppliers).

table 4.1 Supplier selection criteria

Strategic performance factors Organisational factors

Cost:
 • low initial price
 • total cost of ownership
 • Cost reduction activities
 • Compliance with sector price 
behaviour

Culture:
 • Feeling of trust
 • Strategic fit
 • top management compatibility
 • Compatibility among levels and functions
 • Suppliers organisational structure and personnel

Quality:
 • Conformance quality
 • Quality philosophy

technology:
 • technological compatibility
 • assessment of future manufacturing capabilities
 • Supplier’s speed in development
 • Supplier’s design and technical capability
 • Current manufacturing facilities/capabilities

time:
 • delivery speed
 • delivery dependability
 • product development time

relationship:
 • long‐term relationship
 • relationship closeness
 • Communication openness
 • reputation for integrity

Flexibility:
 • product volume changes
 • Set‐up time

Source: dou 2010. reproduced with permission of taylor & Francis.
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the assessment of the environmental performance of the supplier concerns two 
main categories. the first refers to initiatives and programs undertaken to prevent 
pollution and improve the environmental performance of the firm, such as establish
ing an environmental Management System. the second is focused on the performance 
achieved, in terms of the resources consumed in a given period of time (e.g. energy, 
water, raw materials) and the production of pollution (e.g. CO

2
 emissions). a more 

detailed description of the metrics suitable for quantifying social and environmental 
performance categories is given in Chapter 8.

4.3.4 vendor control and contract management

in this stage, the performance of the supplier is reviewed over the lifetime of the 
contract, in order to check whether initial targets have been met and also to identify 
improvement opportunities to be discussed with the counterpart. in this regard, 
vendor control can be exercised through monitoring the actual performance reported 
in the categories assessed during the vendor rating process. Such a monitoring 
activity aims to identify critical areas that require improvement initiatives, but also at 
rewarding good practices. in the field of social and environmental sustainability, the 
use of structured tools has been suggested to appraise suppliers’ performance and 
progress over time. table 4.3 gives a brief description of a balanced scorecard that 
can be used to assess the social performance of a supplier against the ‘desired’ 
ethical behaviour that the purchaser is willing to observe.

in order to reach a sounder ex post assessment of the supplier and to trigger 
improvement programmes, other techniques can be used in addition to the desk 
activities described previously (day, 2002):

 • Supplier visits and audits: these techniques can be used in order to check the 
reliability of the information provided by the supplier, especially in those 
areas that cannot be directly measured by the purchasing company. Visiting the 

table 4.2 environmental and social factors in vendor selection

Social performance 
categories Subcategories

environmental 
performance 
categories Subcategories

Social sustainability 
profiles within the 
company

 • practices related 
to personnel 
management

 • practices for health 
and safety at work

Environmental 
protection 
practices

 • pollution control
 • prevention of pollution
 • environmental 
Management 
System (eMS)

Social sustainability 
profiles outside 
the company

 • projects for local 
communities

 • projects related to 
other stakeholders

Environmental 
Performance

 • Consumption of 
resources

 • production of pollution

Source: dou 2010. reproduced with permission of taylor & Francis.
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site of the supplier can be a viable  solution for gathering indisputable evidence 
about working conditions and the environmentally soundness of production 
processes. When such visits are conducted according to structured procedures, 
they can become part of an auditing process, which can be carried out directly 
by the company or by third parties. the outcomes of these initiatives can trigger 
the launch of improvement programmes with suppliers, where relevant 
 opportunities are identified. however, due to the amount of resources necessary 
to carry out visits and audits, these tools should only be used when the pur
chaser suspects that there is a significant risk of poor environmental and social 
standards.

 • Supplier workshops and conferences: these initiatives can be undertaken in 
particular to stimulate the sharing and dissemination of practices among sup
pliers, in which their various projects and the results achieved can be described, 

table 4.3 Sustainable components of a supplier‐balanced scorecard

desired behaviour indicators

Championing better jobs for workers, 
good labour standards and having a 
positive impact on the community

actively working on a plan to 
improve standards

 • Staff turnover at production sites
 • good human resource management systems 
(qualitative assessment)

 • good labour standards, audit results and 
management systems (qualitative assessment)

 • no. of improvement projects carried out with 
other suppliers to share good practices

taking pride in steps taken to 
demonstrate improved working 
conditions at all times, including 
when issues arise

 • no. of sites with initiatives such as active trade 
union representation (or worker representation 
where trade unions are not allowed), steps 
towards paying a living wage, provision of 
social benefits (healthcare, schooling, 
nutrition etc.)

 • existence of recognition agreement and 
Collective bargaining agreement

 • no. of workers with long‐term contracts
 • ratio of insecure to contracted workers 
(differentiated by gender)

 • analysis of working hours
Stable relationships with own 

suppliers/subcontractors
 • average length of relationship with suppliers

transparency about supply chain 
and production

 • presence of a shared list of all sources of supply, 
including subcontractors and home workers

Open dialogue on labour standards 
in subcontracting sites

 • amount of overtime in each production site

Contributing to an enabling 
environment for improved labour 
standards within the supply chain

 • level of willingness to work collaboratively 
to bring about sustainable labour standards 
improvements on site (qualitative assessment)

Source: ethical and Sustainable procurement 2013. reproduced with permission of the Chartered 
institute of procurement & Supply.
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and also in which discussion can be initiated with other supply chain partners 
on the viability of these solutions in other contexts.

 • Supplier social and environmental training: this role is characteristic of larger 
companies, which can provide support to smaller suppliers in progressing 
along the path of environmental and social sustainability. this can be achieved 
through training programmes delivered to suppliers and sub‐contractors, in 
order to stimulate not only the awareness, but also the actual implementation 
of best practices, the adoption of which requires a significant investment in 
financial and human resources.

4.4 ethicS in procurement

Since buyers systematically interact with external organisations, often exerting a 
relevant bargaining power over their counterparts, the risk of unethical behaviour 
often arises, which can threaten the reputation of the entire company as well as its 
operational and economic performance, especially if value‐destroying decisions are 
taken in order to pursue personal interests. this problem has become increasingly 
significant since Corporate Social responsibility has emerged as a pillar of a com
pany’s strategy and long‐term success. Consequently, most professional associa
tions have issued their own codes of ethics and principles, which are to be observed 
by their members. in addition, individual companies, and larger ones in particular, 
have adopted their own codes so as to declare the ethical principles that should 
underlie the conduct of the entire organisation and its employees. Focusing in 
particular on the role of buyers, the following areas are considered to be of great 
importance in order to preserve the reputation and the interest of the company 
(Johnson et al., 2011):

 • Perceptions and conflicts of interest: the behaviour of buyers, especially during 
negotiations, must be perceived as fair, correct and appropriate in order to not 
harm the reputation and the interest of the company. in this regard, it is 
necessary for the buyer to be and to appear professional and to refrain from 
abusing his/her position. this implies, for instance, that he/she should not ask 
for a quote if the potential supplier has not yet been provided with a precise 
description of the company’s needs, that the confidentiality of the information 
exchanged should be ensured, or that in the event of rejection of the bid, prompt 
and fair feedback should be provided. however, there may be situations in 
which the decision‐making process of the supply professional can be (or may 
seem) biased by some specific conditions, such as when family members or 
friends’ interests are involved in the commercial relationship to be established 
or managed. to prevent such cases, companies should establish specific rules 
and procedures concerning potential conflicts of interests.

 • Gifts and gratuities: receiving any sort of gift or gratuity can generate a sense 
of obligation in the buyer, who may consider it appropriate to return the favour 
to his/her counterpart. although the amount and the economic relevance of 
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such gifts and gratuities can be seen as drivers of possible biased procurement 
decisions, buyers can become non‐objective even in the case of apparently 
trivial benefits if they can be easily influenced. therefore, appropriate proce
dures and rules must be established in the company so as to prevent this from 
happening. Furthermore, suppliers can try to influence buyers’ decisions 
through contacts with other representatives of the company who, due to their 
position (not necessarily in the procurement department), can exert an influence 
on the supply processes. When this risk is perceived as relevant, rules and 
procedures concerning this area must be extended to all representatives of the 
company.

 • Bribery: while small gifts and gratuities can still be considered a fair and legal 
means for managing a commercial relationship, such as an invitation for dinner 
aimed at discussing the needs of the client and the conditions of a possible 
supply contract, bribery is an illegal practice, which is sanctioned with ad hoc 
laws by most countries. in some industries in particular, bribery is an evil that 
results in numerous damages for the company, such as poorer product quality, 
higher prices, low overall performance of the product/service and, generally 
speaking, higher cost of ownership. thus, on top of national legislation in this 
field, companies must prevent and prosecute these crimes through specific 
norms in their codes of conduct and through internal investigations aimed at 
identifying such illegal practices.

in the field of supply management, professional associations have issued their own 
codes of conduct, which must be observed by all their members. these documents 
play a major role in shaping the culture of supply professionals and in directing how 
they behave, but these codes are also influential benchmarks for companies willing to 
introduce and adopt their own codes. due to the fact that a buyer must be able to 
detect possible risks of misconduct while carrying out his/her tasks, it is of major 
importance for a code not only to state how the buyer should behave, but also the 
principles of ethical conduct. in this regard, for instance, the international Federation 
of purchasing and Supply Management (iFpSM) has drawn up a reference document 
that supports all its members, that is, national associations, in the drafting of their 
own codes of conduct, which should build on the following values (iFpSM, 2007):

 • Honesty/Integrity, in all business relationships in which the buyer is engaged 
inside or outside the company.

 • Professionalism, which concerns the need for a high competence level of the 
professional in order to effectively interact with counterparts and pursue the 
company’s interests.

 • Responsible Management, in particular for company’s resources, which must 
be efficiently used in the interest of the firm.

 • Serving the Public Interest: this value refers to the risk of corruption and bribery 
and, more broadly, to all cases in which the professional can benefit from 
business relationships in the pursuit of personal interests instead of those of the 



96 SuStainable OperatiOnS and Supply Chain ManageMent

As a member of CIPS, I will:

Enhance and protect the
standing of the profession, by:

• Never engaging in conduct, 
either professional or personal, which 
would bring the profession or the 
Chartered Institute of Purchasing &
Supply into disrepute

• Not accepting inducements 
or gifts (other than any declared gifts 
of nominal value which have been 
sanctioned by my employer)

• Not allowing offers of hospitality or 
those with vested interests to 
influence, or be perceived to 
influence, my business decisions

• Being aware that my 
behaviour outside my professional life 
may have an effect on how I am 
perceived as a professional.

Promote the eradication of 
unethical business practices, by:

• Fostering awareness of
human rights, fraud and corruption 
issues in all my business relationships

• Responsibly managing any 
business relationships where unethical 
practices may come to light, and 
taking appropriate action to report and 
remedy them

• Undertaking due diligence on 
appropriate supplier relationships in 
relation to forced labour (modern 
slavery) and other human rights 
abuses, fraud and corruption

• Continually developing my 
knowledge of forced labour (modern 
slavery), human rights, fraud and 
corruption issues, and applying this in 
my professional life.

Maintain the highest standard of 
integrity in all business relationships, by:

• Rejecting any business 
practice which might reasonably be 
deemed improper

• Never using my authority 
or position for my own financial gain

• Declaring to my line manager any 
personal interest that might affect, or 
be seen by others to affect, my 
impartiality in decision making

• Ensuring that the information I give in 
the course of my work is accurate and 
not misleading

• Never breaching the confidentiality of 
information I receive in a professional 
capacity

• Striving for genuine, fair and 
transparent competition

• Being truthful about my 
skills, experience and qualifications.

Enhance the proficiency and 
stature of the profession, by:

• Continually developing and 
applying knowledge to increase my 
personal skills and those of the 
organisation I work for

• Fostering the highest 
standards of professional competence 
amongst those for whom I am 
responsible

• Optimising the responsible 
use of resources which I have 
influence over for the benefit of my 
organisation.

Ensure full compliance with 
laws and regulations, by:

• Adhering to the laws of the 
countries in which I practise, and in 
countries where there is no relevant 
law in place I will apply the standards 
inherent in this Code

• Fulfilling agreed 
contractual obligations

• Following CIPS guidance 
on professional practice.

figure 4.2 CipS Code of Conduct. Source: ethical and Sustainable procurement 2013. 
reproduced with permission of the Chartered institute of procurement & Supply.
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company. the buyer should not only avoid this type of behaviour, but also 
denounce practices deemed to be improper.

 • Compliance with the Law: such compliance must be observed not only in rela
tion to national laws, but also with regard to any contractual obligations, as well 
as the rules and policies of the professional association, to which the buyer 
belongs.

Figure 4.2 reports the code of conduct issued in 2013 by the Chartered institute of 
purchasing and Supply (CipS), which is one of the members of iFpSM. it serves as 
an example of how iFpSM’s ethical principles have been effectively deployed into a 
list of duties for supply professionals.
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5
SuStainability and production

5.1 introduction

The Goodrich Corporation was a large American company active in the 
aerospace industry, as well as in the production of tires and chemicals, whose 
origin can be traced back to the late nineteenth century, a time in which its name 
was ‘B.F. Goodrich’. In the recent years, it has progressively focused on the 
aerospace industry, leaving the tires sector in the late 1980s and the production 
of chemicals in 2001, when it was renamed ‘Goodrich Corporation’. In 2012 
United Technologies Corporation (UTC) bought Goodrich and combined it with 
Hamilton Sundstrand to form UTC Aerospace Systems, which is now one of the 
world’s largest players in the field of integrated aerospace solutions.

In the mid 1990s, the aerospace division of Goodrich was coping with strong 
pressures from its main clients, who requested sound improvements in its opera-
tional performance, in particular for one if its plants, located in California. One 
of the solutions proposed was the adoption of a new approach to the management 
of production activities known as ‘Toyota Production System’, which in the 1990s 
was becoming more and more popular. The success of this project at the shop‐floor 
level was so incredible that Goodrich started implementing lean principles in the 
administrative processes of the plant, then also in all other production sites and, 
finally, in the overall organization, shaping it according to the ‘value‐stream’ 
logic and leaving the functional one.
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As described in the Goodrich case, the way in which the production process is 
designed and managed determines relevant effects on the social and environmental 
sustainability of the company. While the need to cope with these aspects is evident, 
appropriate solutions must be identified to improve the production system. In this 
regard, several approaches to the design and management of company’s operations 
have been proposed, some of which also seem to be effective as far as social and 
environmental sustainability is concerned. In particular, Lean Management and Six 
Sigma share this feature.

In the remainder of this Chapter, we will outline the approaches and logics 
underlying the design of the production system that have been proposed over time. 
Then, we will explain why Lean Management and Six Sigma have been suggested 
as effective approaches to address design requirements that in recent years have 

Several lean management tools and principles were adopted by the company. 
First of all, the management strove to identify the ‘wastes’ of Goodrich’s processes, 
that is, the non‐value‐adding activities, and to remove them through a series of 
kaizen events, which were short projects specifically aimed at addressing a single 
problem with a dedicated time. Then, such principles as visual management, 
employee involvement, introduction of standard work procedures, one‐piece flow, 
re‐design of the layout were introduced. These changes resulted in dramatic oper-
ational improvements. For example, the production line of the metal sink for the 
Boeing 717 enjoyed a reduction 75% of the space covered by the shop floor, a 
decrease of nearly 85% of the manufacturing lead time, and a remarkable cut 
to the inventory of finished products and components. The management of the 
company quickly understood that these improvements could result also in envi-
ronmental benefits as well as in a more healthy and safe workplace. For example, 
when introducing the concept of standard working procedures, one effect was the 
elimination of useless motion and activities (as sorting tools and components) 
of the workers, which could have exposed them to possible risks. Similarly, the 
reduction of the stock of materials made obsolescence less frequent, thus reducing 
scraps and the subsequent waste of materials. The reduction of the batch size 
(peculiar to lean management) was particularly beneficial when chemical and 
hazardous materials were concerned. Indeed, the reduction of these substances in 
the working area reduced the risk of injuries suffered by the production workers. 
Furthermore, a lower batch size received from the suppliers also reduced the 
possibility of an expiration of the product before it was used. These solutions 
led Goodrich to eliminate 5,000 gallon tanks of such substances as methyl ethyl 
ketone, sulfuric acid, nitric acid, trichloroethane.

Source: UTC Aerospace Systems’ website, viewed 1 December 2015, http://
utcaerospacesystems.com/Pages/Default.aspx; EPA, ‘Lean Manufacturing 
and the Environment: Research on Advanced Manufacturing Systems and the 
Environment and Recommendations for Leveraging Better Environmental 
Performance’, 2003.
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been considered mandatory. Finally, we will show how these methodologies can be 
consistent with the aim of improving the social and environmental standards of a 
manufacturing company.

5.2 the deSign of the production SyStem

The design and management of manufacturing systems, as illustrated in Chapter 2, 
must be based on the principle of strategic alignment, which requires strategic and 
functional goals to be consistent, thus enabling operations management to contribute 
to the process of creating and maintaining competitive advantage. Functional goals, 
from the perspective of operations management, refer to performance factors such as 
cost (or productivity), quality, time (meaning, in particular, dependability and speed 
of manufacturing and delivery processes) and flexibility, whose importance in 
relative terms must be defined taking the competitive strategy pursued by the 
company into account.

Nevertheless, over time we have witnessed a series of technological and manage-
rial innovations, as well as stimuli coming from the market, that have urged com-
panies to pursue different improvement goals in the field of manufacturing, which 
highlight the importance of each individual performance factor and the possibility of 
exploiting synergies between them.

The productivity of the manufacturing system, and therefore its ability to be cost‐
effective, is traditionally considered by the management of production departments 
to be a priority (Cigolini and Grando, 2009; Grando and Turco, 2005; hayes et al., 
1988; hayes and Clark, 1985). At the end of the nineteenth century, with the dissem-
ination of scientific management principles, the efficient use of production inputs 
(namely workforce) was considered a key objective in process design, which was 
achievable through the standardisation of activities and the parcelling out of tasks 
(Sprague, 2007). This, in fact, made it possible to rapidly insert new manpower in 
production lines and to quickly reach an adequate level of efficiency – essential for 
achieving economies of scale. These first experiences, which in fact marked the birth 
of operations management as a discipline, strongly influenced the management 
culture in manufacturing sectors, where for a long time the ability to reduce costs was 
seen as the key priority of a factory (Skinner, 1969). This paradigm was called into 
question only from the 1970s, most of all due to the competition posed by Japanese 
companies, which demonstrated that market success was the result of a series of 
actions aimed at improving performance areas such as quality, logistic service and 
product innovation (Skinner, 1986; Abernathy, 1978; Skinner, 1974). By contrast, 
too much focus on cost‐reduction goals gave rise to the so‐called productivity par-
adox (Skinner, 1986), namely economic results that were out of line with improve-
ment efforts, due to the inability of the management to identify the real demands for 
change when managing manufacturing processes (Adler et  al., 2009). Empirical 
studies had in fact highlighted a correlation between productivity and economic 
decline in the automobile sector, since improvement plans that focused on efficiency 
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gains compromised the ability to innovate both the product and the process (Adler 
et al., 2009; Abernathy, 1978). Furthermore, in the 1980s the success of the theory of 
constraints had further called into question the opportunity of focusing improvement 
programmes on cost‐reduction goals, and in particular the saturation of production 
lines (Goldratt and Cox, 1984). This choice, in fact, prompted also by inadequate 
product costing systems (Johnson and Kaplan, 1987), resulted in a series of ineffi-
ciencies typical of excessively saturated production lines, namely long production 
lead times, poor quality rates, high stocks of semi‐finished and finished products and, 
finally, a low level of customer service due to frequent stock‐outs (Goldratt and 
Cox, 1984).

During the same period, the dissemination of Japanese production techniques had 
shown that operational performance was not bound by a trade‐off relationship, which 
imposes the identification of a primary performance area to invest in, but that the 
individual performance factors supported one another, producing important syn-
ergies (Schonberger, 1986). This new awareness led to the development (and the val-
idation through empirical studies) of the idea that there may be a ‘virtuous cycle’ in 
the improvement of manufacturing performance (Ferdows and De Meyer, 1990), 
which begins with the need to invest in the improvement of product quality, without 
which high performance levels related to other aspects become less relevant. Once 
this result has been consolidated, the subsequent areas to be dealt with are depend-
ability and reliability, with the aim of stabilising the length of manufacturing and 
delivery processes. This is precursory to actions aimed at reducing lead times and 
improving speed performance. Only at this point can manufacturing costs be effi-
ciently reduced. From this perspective, therefore, productivity is the final outcome of 
a long improvement process and certainly not the departure point, nor the only goal.

In this scenario, in which production and logistic performances are in fact consid-
ered to complement one another, it became widely acknowledged that environmental 
and social performance must also contribute to the overall evaluation of the results of 
manufacturing enterprises. This is not only due to the importance attributed by the 
customer to the sustainability of a product and the company processes of the manu-
facturers, but also (once again) to the synergic relationship that links industrial 
performance factors – namely cost, quality, time and flexibility – to environmental 
and social performance (Walker et al., 2014; Kleindorfer et al., 2005; de Ron, 1998). 
The most recent experience of many companies in this regard has, in fact, shown that 
in the search for increasing levels of sustainability in the fields of manufacturing and 
logistics it is necessary to implement practices and methodologies that have a positive 
impact on other performance areas, such as efficiency in the use of production input, 
product quality rates, and the speed and dependability of delivery processes, to quote 
but a few (Drake and Spinler, 2013).

On the basis of this analysis, in this Chapter we will illustrate the two most common 
approaches that enable the sustainability of industrial manufacturing processes to be 
improved, namely Lean Management and Six Sigma. For each of these approaches 
we will discuss the reasons why they were developed, how they work and the impli-
cations of their adoption for the sustainability of manufacturing and logistic activities.
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5.3 leveraging lean management for 
a SuStainable production

Although the word lean was used for the first time by Womack et al. (1990) to refer 
to the numerous principles and techniques currently known as Lean Management, 
the first experience that lead to the development of this paradigm can be traced back 
to the 1950s, when Taiichi Ohno, production engineer at Toyota Motors, started 
revising several aspects of the production system of the company (holweg, 2007). In 
his view, most car manufacturers, namely the western ones, although aware of the 
necessity to satisfy customers’ need of product variety, still had a mass production 
system, based on large batches and a rather narrow product range, in order to mini-
mise the time spent in setups and achieve economies of scale. Taiichi Ohno had been 
working for years in order to remove those ‘wastes’ that kept Toyota, as its compet-
itors, from combing satisfactory efficiency rates with a wider and more responsive 
product offering, through the development of several managerial tools and tech-
niques known as Toyota Production System (TPS), which will be described later in 
this Chapter.

Such a set of tools and techniques became popular in the 1980s at a worldwide 
level, when speed and flexibility of the manufacturing and logistic systems started 
gaining higher and higher importance, as a result of competitive pressures exerted 
mainly from Japanese companies. The latter, using innovative practices to organise 
and manage manufacturing processes, using just‐in‐time logics, were in a position to 
rapidly bring a wide variety of innovative and high performance products to the 
market, guaranteeing very quick response times (Blackburn, 1991; Stalk, 1988). 
Since then, the combination of variety and speed, specific to time‐based competition, 
has been one of the cornerstones of the competitiveness of many companies, 
becoming even more important in recent years due to the establishment of new 
organisational paradigms of the supply chain based on the concept of ‘agility’, 
according to which the ability to respond to the market is the primary objective on 
which to base design and management choices (Bernardes and hanna, 2009; 
Reichhart and holweg, 2007; Christopher, 2000; 2005). however, the use of time‐
based strategies showed companies that it was impossible to achieve fast delivery 
times, high levels of product customisation and a wide range of constantly evolving 
products without a high degree of flexibility in the manufacturing system.

Traditionally, it was believed that the choices concerning the size of a product 
range were conditioned by the trade‐off between the variety of the products on offer 
and their manufacturing cost. The latter is inversely related to the production vol-
umes, but increases as the size of the product range grows. Formally, an ‘optimal’ 
level of variety can be identified, at which costs are minimised. This threshold is 
influenced by the cost curve of the variety of products on offer, whose shape depends 
on the degree of flexibility of the manufacturing system. The experience gained since 
the 1980s in flexible manufacturing systems – FMS – in fact showed that it is pos-
sible to combine a large product range with low manufacturing costs, by dealing with 
aspects such as the use of flexible automation, the size of production batches, the 
layout of the factory and the application of production planning logics (Stalk, 1988). 
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These aspects are the levers to be taken into consideration when attempting to reduce 
manufacturing lead times and stabilising their variability, with evident positive 
effects on the speed of transformation processes, production plans adherence, and 
last, the dependability and timeliness of deliveries.

Manufacturing flexibility, therefore, becomes essential for product variety and, 
more generally, the responsiveness of the transformation system, regarded as the 
ability to respond quickly to the market, renewing the range of products on offer 
more often and delivering the requested products on time (Bernardes and hanna, 2009).

In the 1990s, the set of management techniques and logics adopted by the most 
innovative companies to confront these new challenges were codified and harmon-
ised within a new manufacturing paradigm, called Lean Management, which has had 
a positive impact on a wide variety of performance areas, thus also generating bene-
fits for the social and environmental sustainability of industrial enterprises.

Lean Management is the set of practices and tools aimed at improving the manu-
facturing processes of goods and the provision of services, based on the experience 
accumulated mainly in Japanese companies and, in particular, in Toyota Motors 
(holweg, 2007; Womack et al., 1990). These experiences are based on the constant 
search for ‘waste’ (also called muda in Japanese), namely all the improper uses of 
company resources that do not generate ‘value’ for the customer (Womack et  al., 
1990). The different types of waste that are typically found in manufacturing 
processes can be grouped into the following categories (Wills, 2009):

 • Over‐production: it occurs in particular where batch sizes are large, making it 
impossible to align production volumes with actual market demands. Sometimes 
excess quantities are not reusable due to their physical and/or commercial obso-
lescence, causing a rapid reduction in the value of the product or even its 
physical deterioration. In cases where it is possible to use these quantities to 
meet future market demands, the products must be stored in warehouses as 
product inventories that, in turn, are the source of further waste, such as the 
space to be used for storage, the energy required for heating/cooling the ware-
houses and so on.

 • Excess inventory: especially in environments where the production planning 
process is managed using a push approach, the company keeps stocks of 
finished products, which are duly sized to meet demand. Nevertheless, partic-
ularly in sectors characterised by products with short life cycles and a large 
range of products, the push approach may not be reliable, thus making it 
difficult to align stock with the requests of the market. Therefore, in cases 
where sales forecasts exceed actual demand, the stock of products is too 
large, meaning the unnecessary use of the spaces required for storage, as well 
as production resources used to manufacture the products (materials, energy 
and labour in particular).

 • Over‐processing: this consists of production activities aimed at providing the 
product with several functions or performance features that the customers have 
not requested (and for which they are not willing to pay). This is typically 
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the case in tight tolerances – for example, those connected to some dimensional 
specifications of the product, or the addition of unrequested attributes, for 
example the finishings of components inside the product that are invisible to 
the customer.

 • Defects: the manufacturing of items that do not comply with design require-
ments by definition constitutes waste. These items may in fact need remanufac-
turing in order to correct the defect, whereas in other cases they must even be 
disposed of. In both cases the company incurs ‘un‐quality’ costs.

 • Waiting (idle people and machines): industrial equipment is often idle for multiple 
reasons. This means that production resources that are theoretically available, but 
not in a condition to work, are not used – for example, due to the lack of customer 
orders or due to idleness caused by breakdowns and maintenance.

 • Unnecessary transport: the transportation of materials (within the production 
plant or between different sites) is a waste since during transportation the prod-
uct does not undergo any useful transformation from the point of view of the 
customer; consequently, it is appropriate to consider it a muda.

 • Unnecessary motion: as in the case of products, the unnecessary movement of 
production‐related employees is also a waste, deriving from an inappropriate 
process design or the inefficiencies that force employees to frequently move 
along production lines.

In the lean philosophy, the elimination of these types of waste means that the 
various performance areas in manufacturing, such as efficiency, product quality and 
the logistic service provided to the customer, can all be improved (Womack et al., 
1990). Furthermore, since lean management assigns an important role to employees 
as the drivers of ongoing improvement processes, the use of this management philos-
ophy also envisages an improvement in the working conditions of production‐related 
employees, most of all thanks to job enlargement and enrichment and the improve-
ment of industrial safety standards.

The emphasis placed on the elimination of waste, on the one hand, and the 
enhancement of human resources, on the other hand, has led to the suggestion that 
Lean Management is also useful for improving sustainability performance, thanks to 
the beneficial effect that its techniques may also have on the environmental and 
social ‘wastes’ peculiar to manufacturing processes. These, even in the different 
classifications proposed until now (Zokaei et  al., 2013; Emmett and Sood, 2010; 
Pusavec et al., 2010a, 2010b; Wills, 2009; Driussi and Jansz, 2006), can be grouped 
into the following types, which will be illustrated in the next sections:

 • Energy.
 • Water.
 • Physical waste.
 • Emissions.
 • Noise.
 • Land contamination and biodiversity.
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5.3.1 overview of environmental and Social ‘Wastes’

5.3.1.1 Energy waste Industrial activities necessarily imply the consumption of 
energy, thus giving rise to significant environmental effects, especially in the case of 
the use of fossil fuels (such as oil, gas and coal), which produce polluting emissions 
when burnt and use land and generate waste at the time of their extraction/processing. 
Approximately 25% of the total energy consumption in Europe in 2013 (EUROSTAT 
data) was caused by the manufacturing sector and 31.6% by transportation. This data 
highlights the importance of monitoring the saving of energy in these fields. This is 
all the more important if it we consider that 70% of the energy consumed comes from 
oil, gas and coal, 14% from nuclear power stations and only 9% from renewable 
sources. Even if the latter percentage is growing rapidly, especially thanks to the 
dissemination of solar photovoltaics, in order to have an impact on the environmental 
energy footprint of a company it is necessary not only to change the mix of the 
energy sources in favour of renewable ones, but also to reduce their overall consump-
tion. In this setting, it is evident that industrial inefficiencies, such as over‐produc-
tion, over‐processing or the scrap rate, affect the quantity of energy used, causing the 
unjustified increase in the consumption thereof. The same occurs due to the ways that 
services are used (such as the heating/cooling of company premises), which are 
excessive compared to actual demands. In order to quantify the magnitude of this 
waste, it is necessary to estimate the quantity of energy used due to the various inef-
ficiencies that may be identified in a manufacturing process and check its origin 
based on the different polluting potential of fossil fuels compared to the energy 
obtained from renewable sources.

5.3.1.2 water waste The impact that industrial manufacturing has on water is 
twofold. On the one hand, it is often the cause of water pollution, for example in the 
form of the emission/release of heavy metals or chemical substances. On the other 
hand, industry uses water as input for its manufacturing processes. As far as the first 
aspect is concerned, refer to Section 5.3.1.4 for more details on the most harmful 
emissions. however, in recent years the polluting potential of industrial sectors has 
been reduced, thus recording negative rates of change in the intensity of water emis-
sions, especially if we consider that manufacturing activities on the whole are con-
stantly growing. On a European level, for example, the majority of countries recorded 
a reduction in the emissions of heavy metals in the period from 2004 to 2012, while 
enjoying an increase in the Gross Value Added. This is the case for Slovenia, which 
saw the first indicator reduced by 90.52% and the second indicator grown by 11.96%. 
Even in the countries that reported a decrease in the Gross Value Added during this 
time interval, such as in Italy and the United Kingdom, the reduction of the intensity 
of heavy metals was greater than the decrease in Gross Value Added. Similar evi-
dence stems from the analysis of the EUROSTAT data on the total organic carbon 
emissions intensity of the chemical industry and the heavy metal emissions intensity 
of the metal industry, which have witnessed a clear decoupling process of the water‐
polluting potential from economic growth due to technological innovation of 
machinery and equipment.
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Furthermore, as far as the use of water as an input of manufacturing processes is 
concerned, in the last two decades there has been steady improvement in this area, in 
this case due to the upgrading of machinery, to the adoption of new technology in the 
manufacturing sector and to the constant search for higher levels of efficiency during 
the manufacturing phase. This has resulted in an average reduction in the consump-
tion of water of 81.8% in Eastern European countries and 9.9% in Western European 
countries during the period from 1990 to 2007 (EEA, 2009). Despite these significant 
improvements, the subject of water consumption remains a clear priority in environ-
mental management policies, to be monitored through the use of state‐of‐the‐art 
equipment, which guarantees higher standards of efficiency, and regeneration sys-
tems that enable the overall quantity of water consumed to be reduced, with benefi-
cial effects on cost and environmental performance. In this case, it is also evident 
how the different types of waste, dealt with using lean management, may affect water 
consumption. Take, for example, how much a phenomenon such as over‐production 
can become critical from this point of view and even more so in sectors such as paper 
manufacturing or several sectors of the food industry, in which the consumption of 
water per unit of product is particularly high.

5.3.1.3 Physical waste This type of waste concerns (solid or liquid) substances 
that cannot be reused at the end of their life cycle and whose disposal has a negative 
impact on the environment. This is particularly critical in the case of products that 
have not been designed according to Cradle‐to‐Cradle logics, as described in 
Chapter 3. Nevertheless, manufacturing inefficiencies can also be a significant source 
of the waste of both direct and indirect materials. In order to deal with this type of 
waste, it is necessary to identify the type and quantity of input and output in the 
transformation processes, which are to be used as the starting point for planning 
improvements. Compared to the case of water and energy, the analysis of the as‐is 
situation is more complex due to the variety of components and materials used in 
industrial manufacturing processes. In this case, the direct input of manufacturing, 
which is the main source of this type of waste, can be identified by studying the bill 
of materials first of all, thus identifying the single parts that the product is made up 
of and its constituent materials, which are usually distinguished by different levels of 
danger. If the guidelines of the Cradle‐to‐Cradle certification are to be followed, it is 
necessary to describe the chemical composition of individual materials in order to 
assess their level of danger, going as far as identifying the substances that represent 
at least 0.0001% of the product (the so‐called 100 ppm level). The danger that each 
of these substances poses for human beings and the environment must be assessed in 
order to classify the material as one of three different types – Green, Yellow and Red, 
which express increasing danger levels. If a company manufactures products that, 
in Cradle‐to‐Cradle terminology, are Technical Nutrients or Biological Nutrients, 
the elimination or the reduction of the possible ‘waste’ of materials during manu-
facturing has a rather insignificant effect. The former in fact, according to the 
definition of McDonough Braungart Design Chemistry, are ‘materials of human 
artifice designed to circulate within technical metabolism (industrial cycles) forever’, 
namely non‐biodegradable materials, but that can be recycled and reintroduced to a 
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new production cycle, such as glass, iron or several types of nylon at the end of their 
life cycle. The latter, on the other hand, are defined as ‘materials used by living 
organisms or cells to carry on life processes such as growth, cell division, synthesis 
of carbohydrates and other complex functions. Biological nutrients are often carbon‐
based compounds that can be safely composed and returned to’. Therefore, these are 
biodegradable materials. Any item that does not fall into one of these categories, 
because it is non‐recyclable and non‐biodegradable, belongs to a Cradle‐to‐Grave 
cycle and thus has to be disposed of.

Consequently, the elimination of the waste of direct and indirect materials is par-
ticularly important in manufacturing processes that use input and/or generate output 
characterised by Cradle‐to‐Grave cycles (or also in the single phases of these 
processes).

5.3.1.4 Emissions The manufacturing activities typically carried out in industrial 
enterprises are among the main sources of pollution, due to the release of a high 
number of substances, which include among others (EEA, 2011):

 • Air pollutants: ammonia (Nh
3
), nitrogen oxides (NO

x
), non‐methane volatile 

organic compounds (NMVOCs), particulate matter (PM
10

) and sulfur oxides 
(So

x
). These pollutants are generated by industrial, agricultural and transpor-

tation activities, but can also be emitted by several products, such as paints, 
glues and solvents. They can be harmful for both human health and the envi-
ronment, causing (among other problems and depending on the specific 
 pollutant under analysis) such phenomena as acidification, eutrophication and 
several human diseases.

 • Heavy metals: this category encompasses arsenic (As), cadmium (Cd), chro-
mium (Cr), lead (Pb), mercury (hg) and nickel (Ni), which are toxic for a 
number of eco‐systems.

 • Organic micro‐pollutants: these include benzene, dioxins and furans, and poly-
cyclic aromatic hydrocarbons (PAhs). Such pollutants can have severe effects 
on human health, being carcinogenic, as well as on the environment;

 • Carbon dioxide (CO
2
): it is emitted primarily by fuel combustion (oil, coal, 

natural gases and biomasses) and originates from industrial and domestic activ-
ities as well as from transportation. It is the most relevant driver of climate 
change.

The polluting potential of a production plant, in absolute terms, depends on its 
size, but also on the sector in which it operates and the degree of efficiency of its 
equipment. For example, on a European level it has been shown that approximately 
50% of the pollution generated by industrial activities is produced by 2% of registered 
factories and that the sector that makes the biggest contribution to the production of 
emissions is that of power generation (EEA, 2011). Furthermore, to obtain a 
measurement capable of expressing the efficiency of manufacturing processes it is 
necessary to standardise emissions in relation to the national GDP of a country. 
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Western countries in Europe, which on average have more modern equipment, fare 
better in this regard. This, once again, demonstrates the need to address manufac-
turing processes in order to reduce polluting potential.

It must also be taken into consideration that the emission of hazardous substances 
originates not only from transformation activities, but also from input and output, as 
is the case with glues, solvents, paints and all the items that contain these substances, 
for example furniture and domestic appliances. The correct organisation and 
management of manufacturing activities, therefore, may have a positive impact on 
the amount of emissions produced, not only due to equipment that is more efficient, 
but also by reducing the waste of materials associated with these activities. To plan 
improvement actions, also in this case, it is necessary to start with the quantification 
of the total emissions produced, which in turn requires making a choice in relation to 
the unit of analysis chosen (Wills, 2009). The latter may concern transformation 
processes alone, or may also include the materials used and produced, extending 
even to the buildings that house the manufacturing activities. In the first case, the 
estimate of emissions can be relatively easy if the production plant is obliged to pro-
vide regular reports in order to fulfil legal obligations, or as a result of certifications, 
such as ISO14001 or EMAS, which require a self‐certification of the quantity of 
emissions produced. If these conditions do not exist, a qualified third‐party tester can 
be used to obtain a voluntary certification. The same solution can be adopted for the 
assessment of materials (input and output), in the case where material safety data 
sheets are not available. The latter are documents provided by manufacturers that 
illustrate the characteristics of the products in terms of their toxicity or danger level, 
as well as the most appropriate ways to treat, use or dispose of them in order to safe-
guard the health and safety of anyone that may come into contact with them.

5.3.1.5 Noise Although the main source of noise is indisputably linked to the 
transportation system of goods and passengers and, to a lesser extent, the performance 
of manufacturing activities, the phenomenon of noise disturbance is highly significant 
due to the number of persons affected. Indeed, it is estimated that in European cities 
with more than 250,000 inhabitants, at least 67 million people are exposed to average 
intensity noise of more than 50 dB within the timeframe of 24 hours. By extending 
the analysis to smaller cities, this number increases by a further 33 million (EEA, 
2014a). The choices on where to locate logistic facilities (namely warehouses and 
distribution centres) and production plants, determining the size of the flow of goods 
and the related traffic, affect the quality of life of the people resident in the areas in 
question, who, due to the persistence and intensity of the noise produced, may suffer 
from pathological illnesses, such as anxiety, sleep disturbances and even forms of 
serious hypertension and cardiovascular problems (Bodin et al., 2015; Sygna et al., 
2014; Van Kempen et al., 2002).

The noise produced in manufacturing processes in particular affects the well‐
being of employees, especially those working in production. Even if policies on 
safety at work in some cases impose the use of devices capable of limiting the effects 
of increased audio stimulation (such as the use of hearing‐protection tools), the need 
to use technical solutions capable of reducing noise pollution is abundantly clear and 
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is being assessed more and more often by many companies (Calabriso et al., 2015; 
Ahmed et al., 2014).

5.3.1.6 Land Contamination and Biodiversity This type of waste is caused in 
particular by demographic trends that lead to the steady growth in so‐called land 
take, which refers to urbanised areas and the areas used to meet food requirements 
through farming and livestock‐breeding. These phenomena are causing a reduction 
in both the overall quantity of uncultivated land in favour of artificial surfaces, and 
animal and plant biodiversity. On a European level, it is estimated that the total land 
take in the period 2000–2006 was reduced by 9% compared to the previous decade. 
Nevertheless, its composition has undergone a significant change, in favour of more 
arable land and permanent crops and fewer pastures and less mosaic farmland (EEA, 
2013). These trends produce harmful effects not only on flora, but also on fauna, 
gradually reducing the natural habitat of many species.

Excluding agricultural activities in the broad sense from this analysis and focusing, 
on the other hand, on the construction of new buildings in recent years in Europe, man-
ufacturing and logistic facilities represent 15.5% of the total of new builds. Infrastructures 
for transportation (7.1%) are to be added to this figure, making a total of 22.6% (EEA, 
2013). These plants are also a cause for the emission of polluting substances – mineral 
oils and heavy metals in particular – which give rise to forms of soil contamination, the 
seriousness of which varies depending on the sector and reaches its highest levels in 
metal production. The number of contaminated plants or those potentially exposed to 
this risk remains high, bearing witness to the pervasiveness of the problem. It is esti-
mated in Europe that there are approximately 2.5 million of these plants and decon-
tamination programmes have been adopted in only approximately 2% of cases, the 
majority of which are attributable to excavation and off‐site disposal. These activities, 
nevertheless, are an ex‐post remedy to the problem of soil contamination and produce 
substantial expenses not only for private organisations, but also for government bodies, 
which on average cover 42% of the total budget allocated to these projects (EEA, 
2014b). Therefore, it is necessary to deal with this type of waste not only through ex‐
post solutions, but also with a prevention approach, which requires taking the numerous 
technological and managerial aspects of manufacturing processes into consideration.

5.3.2 the lean principles and toolkit

The link between the typical waste found in manufacturing processes and environ-
mental and social waste, which is described in the previous sections, is summarised 
in Table 5.1. The possibility of increasing the degree of sustainability of a factory, 
therefore, requires the use of management practices and solutions capable of dealing 
with this waste and that define improvement strategies whose priorities must also 
take the benefits that can be achieved socially and environmentally into account. 
From this perspective, Lean Management, on the one hand, appears to be a philos-
ophy that is consistent with these goals, and on the other hand, provides a wide 
variety of tools and management principles that make the identification of an 
improvement strategy relatively easy.
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This also explains why many contributions to the topic of sustainability in 
industrial manufacturing processes pay great attention to how significant and long‐
lasting results can be achieved if Lean Management principles are adopted. And it is 
not surprising that national and international bodies, such as the Environmental 
Protection Agency (EPA) in the United States and the Organisation for Economic 

table 5.1 the environmental and social impact of waste in manufacturing processes

Waste Environmental and social impact

Over‐production  • More raw materials, energy and water consumed in making 
unnecessary products

 • Extra products may spoil or become obsolete requiring disposal of 
physical waste

 • Extra‐hazardous materials resulting in extra emissions, waste disposal, 
land contamination, workers’ exposure to risk of injury

 • Noise deriving from the production of unnecessary products affects 
the local community and employees

Inventory  • More packaging to store works‐in‐progress (WIP)
 • Waste from deterioration or damage to store (WIP)
 • More energy used for heating, cooling and lighting of inventory space
 • Increased land take due to the need for bigger warehouses/factories

Transportation 
and motion

 • More energy and emissions from transportation
 • More packaging required to protect components during movement and 
transportation

 • Damage and spills during transportation
 • Higher risk of accidents and injuries to employees during 
transportation and movement

Defects  • More raw materials, energy and water consumed in making defective 
products

 • Scraps can require disposal of physical waste
 • Defective products may require reworking, which results in the same 
problems as over‐production

 • Extra‐hazardous materials embedded in defective products result in 
extra emissions, waste disposal, land contamination, workers’ 
exposure to risk of injury

 • Noise deriving from the production of defective products affects the 
local community and employees

Over‐processing  • More energy and water used to carry out unnecessary processing
 • More emissions, noise and land contamination due to unnecessary 
processing

 • More parts and raw materials used to enrich the product with 
unnecessary features and functions

Waiting  • Potential material spoilage or component damage causing physical 
waste and need for disposal

 • Wasted energy from heating, cooling and lighting during production 
downtimes

Source: adapted from the lean and environmental toolkit, EPA.
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Co‐operation and Development (OECD), have drawn up manuals to improve social 
and environmental sustainability in manufacturing drawing on the principles of Lean 
Management. Furthermore, many companies that have adopted these principles 
have  had numerous benefits related to levels of efficiency, the logistic service 
provided to the customer and also environmental protection and the safety of workers, 
thus demonstrating the compatibility of the three different forms of sustainability, 
namely economic, social and environmental sustainability.

In order to eliminate the waste typically produced in manufacturing processes 
managed using traditional approaches, therein including environmental and social 
waste, Lean Management proposes the reorganisation of transformation activities 
using the following criteria (Womack et al., 1990):

 • Value: first of all, it is necessary to understand which activities in the process of 
manufacturing and delivery of a product create value for the customer, in order 
to eliminate all the others. Non‐value‐adding activities, in fact, are the cause of 
many kinds of waste, such as the use of resources for unproductive purposes 
and the lengthening of manufacturing and delivery times.

 • Flow: once the non‐value‐adding activities are eliminated, it is necessary to 
ensure that the manufacturing and logistics system functions without any inter-
ruptions that may be caused due to various circumstances. For example, unex-
pected downtimes due to machine breakdowns or the sudden unavailability of 
materials due to delays from suppliers cause inefficiencies and waste, espe-
cially waiting and the excessive accumulation of stocks of work‐in‐progress. 
From the perspective of Lean Management, it is necessary to identify and 
implement practices and solutions that enable processes to run smoothly and in 
tight sequence.

 • Pull: once the processes have been redesigned using the above criteria, it is 
necessary to ensure that each phase of the process is carried out using pull 
logics, that is, only if a specific request/order has been made by the customer. 
In the case of final product the customer is by definition external; for other 
manufacturing stages, the customer is represented by the department that is 
immediately downstream. This principle implies that nothing may be manufac-
tured (neither finished nor semi‐finished products) in the absence of demand, 
as in a just‐in‐time system.

 • Perfection: Lean Management states the need to strive for continuous improve-
ment, also called kaizen in Japanese, through the systematic analysis of value 
flows and the elimination of inefficiencies that may arise in the performance of 
manufacturing and logistic activities.

The logics and the tools that make it possible to implement these principles in 
practice are illustrated in the following sections.

5.3.2.1 Value Stream Mapping and Pull Processes Value Stream Mapping is the 
process‐mapping method used to describe the current (‘as‐is’) and future (‘to‐be’) 
state of a process (Rother and Shook, 1999). More specifically, the former is the 
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description of the way in which the process is currently managed, enriched with 
information suitable for identifying improvement actions. The latter is the descrip-
tion of how the process will look after the implementation of these actions. Value 
streams are generally drawn up using standard symbols, some of which are shown in 
Figure 5.1.

A Value Stream Map is a graphical representation of the activities carried out in 
order to produce an item or to deliver a service. They can be classified as follows 
(Souza, 2012):

 • Value‐added activities, for which clients are willing to pay. For instance, a 
transformation phase along the production process, such as the cutting of 
a  layer of cloth aimed at producing a garment, belongs to this type of 
activities.

 • Non‐value-added, for which clients are not willing to pay because these activ-
ities make no change to the product. This is the case in transportation and 
quality control, as well as waiting, which may occur if an item (be it a finished 
product, a component or a raw material) stops during a stage of the production/
distribution system due to an imbalance among the transformation activities or 
the adoption of a push production planning approach.

 • Business non‐value‐added activities, for which clients are not willing to pay, 
but necessary for legal, accounting and regulatory purposes, such as the drawing 
up of financial statements.

As explained here, the value stream includes both manufacturing activities 
and administrative ones, such as marketing and sales, administration and accounting, 
which support the production activities. A company may have several value streams, 
depending in particular on the processes carried out and the types of products that are 
manufactured.

This approach to process analysis is particularly helpful when companies wish to 
address the environmental issues caused by production activities or to improve the 
working conditions of production‐related employees. In these cases, the expression 
‘Green Value Stream’ is also used, even though this tool can be suitable also for 
identifying and addressing social sustainability issues, namely those concerning 
health and safety.

A Green Value Stream focuses on the negative environmental and social impact of 
value stream activities, such as the emissions caused by the transportation of goods 
being received or shipped, the energy used to run the machines, the physical waste 
generated in various steps of the transformation process due, for example, to the 
production of scraps, the injuries reported in a given period of time on the shop floor, 
and so on. The production facilities and, generally speaking, any company’s prem-
ises may also affect the environment because of the energy required to run computers 
and printers, the use of paper instead of electronic devices for mailing, the emissions 
from transportation due to business trips or commuting, and so on.

In order to improve the sustainability of its production processes, the value stream 
can be drawn up so as to describe the current state of the process and complement it 



Press

Manufacturing
process

Manufacturing
process shared

Outside sources

XYZ 
Corp.

Data box

C/T

C/O

Shifts

Inventory box

Physical pull

Truck shipment

Finished goods
to customer

First-In-First-Out
sequence flow

F I F O

PUSH arrow

Supermarket

Move by
forklift

Boat shipment

Weekly schedule

Schedule

Load leveling

Manual info flow

Electronic info flow

Withdrawal Kanban

Production Kanban

Go see production
scheduling

figure 5.1 Standard symbols in Value Stream Mapping. Source: Rother 1999. Reproduced 
with permission of Lean Enterprise Institute.



114 SUSTAINABLE OPERATIONS AND SUPPLY ChAIN MANAGEMENT

with its specific areas of performance. Figure  5.2 depicts the Value Stream of a 
company that produces small plastic toys through a moulding operation, using plastic 
grains bought from an external supplier, and the subsequent assembly of the toys, 
after which the finished product is stored in the warehouse until an order from the 
customer is received. Assuming that a push production planning approach is adopted, 
the ‘as‐is’ could look like the one in Figure 5.2.

As can be seen in Figure 5.2, namely in the data boxes below the two production 
steps, several inefficiencies characterise the ‘as‐is’ state of this process, some of 
which refer to sustainability profiles. Indeed, the two departments show a first pass 
rate (FPR) equal to 92% (moulding) and 95% (assembling), which result in a waste 
of materials and of the energy necessary to run the machines during the moulding and 
assembly of defective products. Furthermore, because of the long change‐over (C/O) 
times especially in the moulding phase (120 minutes at moulding and 30 minutes at 
assembling), the company produces large batches, namely 720 pieces during mould-
ing and 240 pieces during assembly. This choice, coupled with a rather high product 
variety, results in a large inventory of components downstream to moulding (equal to 
14 days of coverage) and finished products after the final assembly (equal to 10 days 
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figure 5.2 Value Stream Map: an example.
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of coverage), as pointed out by the time line at the bottom of the diagram. Furthermore, 
because the shipments from the supplier of plastic grains are on a weekly basis, the 
stock of incoming goods is also rather high.

It must also be considered that both operations do not enjoy a high level of satu-
ration (uptime equal to 80% in both cases) because of frequent delays from suppliers, 
breakdowns, missing parts and minor inefficiencies due to the poor organisation of 
the shop floor. All of these events cause waiting, over‐production (due to the need to 
cope with unexpected events) and motion waste, which in turn result in several types 
of environmental and social waste, such as higher energy consumption and a higher 
risk of injuries.

Looking at the time line at the bottom of the value stream represented in Figure 5.2, 
it can be seen that in this production process the total manufacturing lead time is 
nearly 15 days, which encompass the time necessary to complete a batch in the 
moulding department (360 minutes), the days of coverage of the decoupling buffer 
(14 days) and finally the time needed to complete one batch in the assembly phase 
(360 minutes). however, assuming that one finished product is made up of five com-
ponents on average, its total processing time is only 4 minutes (i.e. 0.5 min/pc at 
moulding for each component and 1.5 min/pc at assembly), which means that only a 
very small portion of the whole process is able to add value to the product. This data 
leads to the following Flow Rate:

 
Flow Rate

Value Added Time

Total Lead Time

minutes

days

4

15  

If the waiting times at the incoming goods warehouse and the finished products 
warehouse are also taken into consideration (7 days and 10 days), the Flow Rate 
becomes much worse:

 
Flow Rate

minutes

days

4

32  

Ultimately, because the client is willing to wait no more than two days for the 
order to be fulfilled (much shorter than the manufacturing lead time), the company 
has adopted the make to stock (push) production planning approach that results in a 
stock of finished products and in all the waste associated with it.

In this kind of environment, several environmental, health and safety (EhS) prob-
lems can be observed, since the current state is characterised by different types of 
‘waste’ (see Table 5.1). In order to clearly highlight the EhS performance of the 
‘as‐is’ value stream, some other pieces of information must be added.

With regard to energy consumption, it must be considered that several sources of 
energy can be used in a manufacturing facility, ranging from natural gas, to electricity, 
coal, fuel, oil and many others. Thus, it is necessary first of all to collect information 
regarding the composition of the energy use, since its source is an important driver of 
the environmental footprint of the company. Second, the total amount of energy used 
must be split among the various steps of the manufacturing process. Focusing only 
on transformation phases (energy consumption for transportation will be addressed 
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in Chapter 6), such an activity is not always straightforward and can be carried out 
using direct and indirect measurement techniques, as:

 • Metering: this technique consists of installing meters in specific production 
stages to directly measure the consumption of energy (e.g. electricity or gas) by 
a given piece of equipment.

 • Estimating: this indirect approach relies on the attempt to estimate energy use 
on the basis of manufacturers’ information concerning the hourly energy con-
sumption of the machine and of the actual uptime of such machine over a 
certain period of time.

This (direct or indirect) calculation provides the baseline to be used for the defini-
tion of improvement goals. In order to facilitate comparisons between different steps 
of the production process and to make it easier to identify the most relevant improve-
ment areas, it is worthwhile reporting the energy use data in the current and future 
state value stream maps in terms of the product’s energy intensity, which can be 
calculated as follows:

 Product Energy Intensity Total kWh TotalOutput/  

Once this information has been obtained, it is possible to start identifying possible 
solutions, carrying out, first of all, an assessment aimed at understanding whether 
major inefficiencies exist and, then, identifying improvement opportunities based on 
the adoption of technological solutions or best practices. With regard to the initial 
assessment, kaizen events can be carried out in order to discover whether the produc-
tion process suffers from major sources of inefficiencies, such as those summarised 
in Table 5.2.

table 5.2 identifying major inefficiencies in energy use

motors and machines
 • Are machines left running when not in operation? If so, why?
 • Are energy‐efficient motors, pumps and equipment used?
 • Are motors, pumps and equipment sized according to their loads?
 • Do motor systems use variable‐speed drive controls?

lighting
 • Is lighting focused where workers need it?
 • Is lighting controlled by motion sensors in warehouses, storage areas and other areas 
that are intermittently used?

 • Is energy‐efficient lighting used?
process heating

 • Are oven and process heating temperatures maintained at higher levels than necessary?
facility heating and cooling

 • Are work areas heated or cooled more than necessary?
 • Do employees have control over heating and cooling in their work areas?
 • Are exterior windows or doors opened or closed to adjust heating and cooling?

Source: based on Lean Energy & Climate Toolkit, EPA.
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Once the most relevant sources of inefficiencies have been identified, it is possible 
to select and implement the most appropriate bundle of technological and managerial 
solutions. As will be explained later in this Chapter, several lean tools are fully in line 
with the aim of reducing energy use. In particular, actions undertaken to improve the 
factory layout and streamline the product flow (Section 5.3.2.2), to reduce the amount 
of stock (Sections 5.3.2.2 and 5.3.2.3) and to improve the machine availability 
through the Total Product Maintenance (Section 5.3.2.5) are clear examples of the 
positive effects that Lean Management can bring to energy efficiency.

Similar comments as those made for energy can be also made for water. Indeed, 
also in this case it is necessary to start measuring the total amount of water used in 
each step of the production process in a given period of time and report it in the 
current value stream map (e.g. in terms of thousands of litres per day). To obtain this 
data it may be necessary to use a metering technique, like the one for measuring 
energy. however, the actual water usage of each production step must be based on the 
calculation of the water balance, which can be obtained as follows:

 Water Balance Input Water Loss Output  

Whereas input is the total amount entering the production step, water losses can 
be problems like evaporation and leaks, and output is the quantity of water leaving 
the production step in the form of wastewater discharge. The water balance is the 
amount to be reported in the value stream map, which consequently leads to the 
detection of the most critical areas and enables the identification of their root causes. 
Besides water balance, product water intensity can also be calculated and reported, 
following an approach similar to the one explained for energy.

With regard to physical waste, its overall amount, which can vary depending on 
the production step under analysis, can be reported in the data boxes of both the 
current and future value stream maps in terms of first pass rate (or scrap rate) or 
through the input‐output line (also called materials line), whose upper segments, as 
for the time line, describe the amount of input treated during each production step, 
while the lower ones report the amount of output downstream to each transformation 
phase. The ratio between the latter and the former measures the efficiency of the 
process as far the physical waste of direct materials and components is concerned.

When reporting and analysing physical waste, its composition must be taken into 
account, since some materials and substances can be more harmful than others for 
human health and the environment, especially chemicals and metals. When these 
kinds of hazardous waste occur, they must be recorded in the data boxes of the value 
stream maps, highlighting the average quantity produced in a given period of time 
(e.g. kg of hazardous waste per day).

Emissions, as described in Section 5.3.1.4., derive from the harmful substances 
released primarily into the air as a consequence of transportation and production 
activities, as well as onto the land and into the water. The calculation of these emis-
sions will be extensively addressed in Chapter 6. Given the wide number of sources 
of this kind of waste (i.e. transportation and production activities, as well as the 
items entering the production process as input or leaving it as output), it is difficult to 
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split the total amount of emissions generated by a manufacturing plant into the 
individual steps of the production process. however, because of the high polluting 
potential of this waste, the total amount of emissions (possibly split at least between 
two macro groups, i.e., transportation and production activities) is one of the most 
widely reported environmental metrics in manufacturing companies.

As far as noise is concerned, it must be measured from an external perspective, so 
as to understand the level of disturbance that the company’s facilities produce on the 
outer environment and its inhabitants. Furthermore, because some production activ-
ities are inherently noisy (such as some moulding processes), the number of dB 
reached in each department of the shop floor must be measured in order to enable the 
proper use of ear‐protecting devices. The noise specific to each production step can 
be reported in the data boxes of the value stream in terms of average dB produced.

Finally, land contamination (in relation to land use) can be reported in value 
stream maps in terms of the size of the manufacturing facilities (e.g. square metres 
occupied), which can be split into the different departments and warehouses.

Once the ‘as‐is’ value stream map has been drawn up and the different kinds of 
waste highlighted, it is possible to start thinking of a possible ‘future state’ (or 
‘to‐be’), identifying the tools and managerial practices suitable for improving 
current performance. In this regard, the lean toolkit is a useful starting point, 
providing managers with a wide variety of solutions likely to bring about sound 
improvements, enabling the implementation of a pull production system, where 
transformation and distribution activities are carried out only when an actual order 
from the (internal or external) client is received. A pull production system is a key 
lever to achieve a higher degree of sustainability, especially from the environ-
mental viewpoint. Indeed, when products are manufactured only when an actual 
order is received, those types of waste as excess inventory and waiting are eliminated 
(or at least sharply reduced), as well as the defects due to the physical obsoles-
cence of some products stored in the warehouses. Furthermore, as will be explained 
later in this Chapter, the enabling factors of a pull production approach refer to 
several operating conditions, all of which can produce beneficial outcomes on the 
other types of waste and on the environmental and social sustainability of the pro-
duction system.

5.3.2.2 Lay‐Out Re‐Design and Balancing In order to achieve a pull production 
system it is necessary to be endowed with flexible production resources. Therefore, 
where necessary, it is important to be able to supplement the manpower used in a 
production line with other employees, thus enabling production capacity to be 
increased quickly, and vice‐versa. highly flexible employees are needed in order to 
achieve this, namely employees capable of performing a high number of different 
operations so that tasks within a production line may be easily reallocated.

To achieve a high level of workforce flexibility, companies must set up training 
programmes for production‐related employees with the aim of enriching and 
enlarging skills so that they can carry out a wide range of tasks. This is often done by 
launching job rotation programmes. Furthermore, it is necessary to rethink the layout 
of the production line, in order to place the machines in the best position to allow for 
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figure 5.3 U‐shape production line.

the reallocation of tasks. The layout that best satisfies this requirement is a ‘U‐shape’ 
production line, shown in Figure 5.3.

The advantage of this type of layout consists in the fact that the various employees 
work in close contact with one another, thus facilitating a reciprocal learning process 
and the broadening of skills.

Therefore, if, for example, it is necessary to produce a lower quantity of output 
due to a downturn in demand, it is possible to reduce the number of workers on the 
production line, broadening the tasks of those that remain. The example in Figure 5.3 
depicts a situation in which three workers perform the tasks in a production line 
made up of eight workstations.

Furthermore, the U‐shape layout in general implies that each production line spe-
cialises in a product (or family of products), in order to simplify the materials 
management processes and minimise setups, which have a negative impact on the 
pace of production. This type of layout, combined with the specialisation of produc-
tion lines per type of product, is also known as cellular manufacturing.

The adoption of this approach may expose the company to the risk of excessive 
variability in demand and therefore to obvious difficulty in managing the produc-
tion capacity of its departments. In order to overcome this difficulty, it is necessary 
to level out production at the workstation further downstream (i.e. at the worksta-
tion where the last manufacturing step is carried out) because it ‘pulls’ the other 
departments and affects their workload. This involves the drawing up of a production 
plan that, on the basis of the total volumes to be manufactured, levels out produc-
tion on a daily basis. Daily production, in addition, is planned using the so‐called 
mixed model approach.

In order to understand the rationale behind mixed model scheduling, suppose that 
a company has to produce a total of 100 units in the next month. Suppose also that 
the company will manufacture only three different types of finished product (A, B, 
C) and that the overall sales will be divided up as follows: A 50%, B 25%, C 25%. 
The application of the mixed model approach, in this case, would mean planning the 
production of these three articles on a daily basis as follows: A, B, A, C. In other 
words, every day the company will produce a mix that corresponds with demand. 
Furthermore, the decision to not manufacture the two units of A in a single batch 
keeps the company from accumulating stock.
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Mixed model scheduling creates an important benefit for the customer. Indeed, if 
the company frequently manufactures all the articles, it can guarantee a better 
response time to the market.

Furthermore, the company also benefits directly from using this scheduling 
method. If it were to manufacture products according to the traditional method, 
which involves large production batches, it would accumulate a significant amount 
of stock of finished products, which in turn causes various types of waste.

On the contrary, by producing a mix that corresponds with demand, stock levels 
are kept under control.

Figure 5.4 compares a Master Production Schedule (MPS) drawn up using the 
mixed model logic with an MPS drawn up (under the same conditions) using the 
traditional logic of large batches.

The production pace of a factory able to fully leverage this approach is expressed 
by the so‐called takt‐time, calculated as follows:

 
Takt Time

Available Production Time per day

Daily Sales  

This scheduling method exclusively involves the department that is the furthest 
downstream in the entire manufacturing process. In the upstream ones, the kanban 
system is used, illustrated in Section 5.3.2.3.

Last, it should be considered that in order to implement the mixed model approach 
it is necessary to enjoy quick setup times for the equipment and machinery, since this 
scheduling system involves a much higher number of change‐overs. This issue will 
be discussed in Section 5.3.2.4.

(a)

Weeks
Models 1 2 3 4 5 6 Total
A 100 100 200
B 50 50 100
C 50 50 100
Total 100 50 50 100 50 50 400

(b)
Weeks

Models 1 2 3 4 5 6 Total
A 33 33 33 33 33 35 200
B 17 17 17 17 17 15 100
C 17 17 17 17 17 15 100
Total 67 67 67 67 67 65 400

figure 5.4 MPS based on a fixed production batch (a) versus MPS based on the mixed 
model logic (b).
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5.3.2.3 The Kanban System The kanban (a Japanese word whose meaning is 
card) is the scheduling system peculiar to just‐in‐time environments, which enables 
the implementation of a pull production approach in the upstream departments of a 
factory. According to this system, each department may start producing an item 
only if the department downstream requests the manufacturing of a certain number 
pieces of that specific product. This ‘pull’ method is put into practice with the use 
of kanbans, which are divided into two main categories:

1. Withdrawal kanban: it requires the transfer of a set of items, which can be 
placed inside a standard bin, from the buffer of outgoing products of a 
department to the buffer of incoming products of another department.

2. Production kanban: it requires the production of a bin of items, in order to 
replenish the materials that have been moved downstream.

In order to understand how the kanban system triggers the information flow bet-
ween the different departments pulling their production activities, please refer to 
Figure 5.5.

The system is divided into the following phases:

1. A worker in the department downstream (A), having received the order to man-
ufacture a certain quantity of an item, picks a standard bin from the buffer of 
incoming goods (where the components that represent the input of the opera-
tion carried out in A are stored), which in this phase holds a withdrawal kanban.

2. The worker, after having used all the items in the bin, removes the withdrawal 
kanban from the bin, which is taken to the buffer of outgoing goods of 
department B.

3. The withdrawal kanban, at this point, is placed in a new full bin (located in the 
buffer of outgoing products of department B), from which the production 
kanban is removed; now, this bin can be transferred from the buffer of out-
going products of department B to the buffer of department A.

Dept. B

Buffer of
Outgoing
Products

Buffer of
Incoming
Products

1

2

34

5

Dept. A

figure 5.5 Kanban system: An example.
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4. The production kanban (which in the previous phase was removed from the 
full bin) is placed in a kanban board; in this way the workers in department B 
are informed of the need to manufacture the semi‐finished products in order to 
replenish the buffer of outgoing goods with the same quantity that has just 
been transferred (namely, one bin).

5. Once the semi‐finished products have been manufactured and a new bin has 
been filled, a production kanban is removed from the board and placed in the 
bin, which is then transferred to the buffer of outgoing goods of department B.

In the majority of cases each department is in charge of producing numerous 
items and therefore the production kanbans for different products are placed on the 
same board. Workers must therefore be able to quickly understand which item to 
prioritise. In order to simplify this activity, the boards are made in such a way as to 
visually guide the actions of the worker. In fact, the boards are generally divided into 
several columns, each one for a specific item, and with different colours associated 
with a given degree of urgency. For example, in Figure 5.6, it is envisaged that the 
department manufactures three items (1, 2, 3) and therefore the board is divided into 
the same number of columns.

Each column is divided into three areas characterised by different colours with 
increasing levels of urgency. This means that if the worker has to decide what to 
manufacture, he/she must opt for product 1, which has accumulated a number of 
kanbans that have reached the area of maximum urgency.

In practice, the presence of a certain number of kanbans for item 1 on the board 
indicates that the same number of bins full of item 1 have been taken from the out-
going goods buffer of the department in question and moved to the production centre 
downstream. This means that the buffer is being emptied and therefore must be 
replenished.

Product A Product B Product C

figure 5.6 Kanban board.



SUSTAINABILITY AND PRODUCTION 123

It is apparent that production activities in the kanban system are managed 
according to a pull logic, since each department is allowed to manufacture a product 
only if requested by a production centre downstream.

5.3.2.4 Setup Time Reduction As already highlighted in the previous section, an 
essential condition for achieving a pull production system is the reduction of setup 
times. This determines two important benefits, linked to the possibility of reducing 
the batch size and of improving the degree of saturation of the production capacity.

The total setup time can be reduced using two different methods. The first consists 
in the reduction of the total number of change‐overs carried out in a certain time 
interval, designing modular products. If, in fact, the degree of variety is reduced 
during the design phase, and especially the number of components, a lower degree of 
mix flexibility will be required in the production process.

The second method consists in dealing with the unit setup time, trying to reduce 
the interval during which the machine is idle due to preparations for the manufacture 
of a new item. In this case, if a certain mix of products is to be manufactured, the goal 
is to keep the time during which the equipment is idle and unproductive due to setup 
operations as low as possible. In this regard it is to be remembered that the setup of 
equipment can be divided into two components:

1. Internal setup: it refers to preparatory operations for the production of a new 
item, which are performed when the machine is idle.

2. External setup: it is the set of activities that can be carried out while the 
machine is working.

Therefore, organisational and technical solutions that limit the number of internal 
setup operations must be found, possibly increasing the weight of external setup 
activities. The techniques employed to reduce the unit setup time are generally called 
SMED, namely Single Minute Exchange of Die. If these actions enable the unit setup 
time to be reduced in such a way as to make it substantially irrelevant, it is possible 
to manufacture goods according to the so‐called one‐piece‐flow principle, namely by 
manufacturing, if necessary, a sequence of products that differ from one another, as 
may be requested in a mixed model production line.

5.3.2.5 Total Productive Maintenance One of the enabling factors of a pull pro-
duction system is the full availability of equipment, necessary for guaranteeing a 
reliable production flow that is constantly able to meet demand from the perspective 
of both time and quantities. This condition may be compromised by the occurrence 
of downtimes and the subsequent maintenance activity.

Total Productive Maintenance (TPM) is an approach aimed at maximising the 
availability of equipment using maintenance plans based on the principle of preven-
tion and the delegation of ordinary maintenance to the workers controlling the 
equipment (Nakajima, 1988). This approach, which became popular starting from 
the end of the 1980s, is particularly widespread in industrial environments in which 
production is managed using a just in time approach, where the possibility to respond 
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quickly to market demand without drawing on stocks of finished and semi‐finished 
products requires equipment to be highly reliable, namely by substantially elimi-
nating downtime due to breakdowns and unplanned maintenance.

In order to assess the efficiency of the implementation of the TPM techniques, the 
indicator called the Overall Equipment Effectiveness (OEE) is calculated.

From a formal point of view, this requires the availability of data on the operating 
conditions of the equipment, which can be described as in Figure 5.7.

Looking back at Figure 5.7, the calculation of the OEE first of all requires the 
determination of the available time, namely the time (normally measured in number 
of hours) during which the equipment could have been operative in the period in 
question, taking into account the work calendar of the factory and its daily hours of 
operation. Nevertheless, during the aforesaid available time the equipment may 
remain idle or may not be producing according to the standard pace or, even, may be 
manufacturing products that cannot be sold due to defects (Muchiri et  al., 2008; 
Nakajima, 1988). Along these lines, it is possible to identify six main ‘losses’ that 
have an impact on the performance of equipment, namely:

1. Breakdowns, due to malfunctioning and subsequent maintenance activities, 
whose duration depends on the effectiveness of such interventions, especially 
if managed using prevention logics.

2. Setups, which refer to the change‐overs that make it possible to produce a mix 
of different products on one machine.

3. Idling/minor stoppages, due mainly to temporary, short‐term malfunctions 
caused by errors in managing the machine, which in any case affect produc-
tion pace.

4. Speed, whose reduction occurs when the actual production time exceeds the 
standard time, that is, the amount of time required on average for a machine 
that is working and maintained properly to carry out the envisaged operation.

5. Defects in process and rework, due to the production of non‐conforming 
products.

1. Breakdowns
2. Set-ups

3. Idling/Minor Stoppages
4. Speed

5. Defects in process and rework
6. Start-up lossesA
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figure 5.7 Deployment of machine downtime in the OEE calculation. Source: Muchiri 
2008. Reproduced with permission of Taylor & Francis.
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6. Start‐up losses, which consist in the production of lower quantities than the 
nominal value expected from the process, or due to defects that are discovered 
once production has started, for example after a change of shift.

As shown in Figure 5.7, these losses can ideally be divided into three categories. 
The first is influenced by the effectiveness of maintenance programmes; the second 
expresses the effectiveness of the production activities in the strict sense; the third 
one refers to quality management.

Starting with this classification of time, the OEE can be obtained as a product of 
the three indices, namely:

 OEE A Qr 

where:

 

A
Available Operating Time

Available Time

Actual Operating Time

AAvailable Operating Time

Qr
Effective Operating Time

Actual Operaating Time  

The OEE value obtained in this way expresses the percentage of hours during 
which the equipment has been in operation (A, i.e. availability), guaranteeing the 
expected speed (η, i.e. efficiency), and quality standards (Qr, i.e. quality rate), com-
pared to the available time. As a result, low values of this indicator highlight the need 
to take action in order to reduce the ‘losses’ illustrated previously, attempting to 
identify and remove any problems in the system.

5.3.2.6 5S The expression 5S refers to a bundle of principles that eliminates waste 
and improves productivity based on the correct organisation of workplaces. This 
system originates from the observation that many errors, inefficiencies and also acci-
dents involving employees are caused by objects or materials that should not be in the 
workstation, the irrational and disorganised arrangement of what, on the other hand, is 
required in order to perform value‐added operations and, more generally, the absence 
of standardised routines that enable workers to work quickly, safely and efficiently.

In order to achieve the latter result, the 5S methods suggest the following path of 
improvement:

1. Sort (seiri): this activity is aimed at eliminating everything that is irrelevant to 
the performance of the production activities from the workplace, through the 
correct description of the work and the identification of the input materials and 
equipment to be used.

2. Set in order (seiton): the materials and equipment chosen in the previous 
activity must be arranged and organised in such a way that they can be easily 
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detected, in order to avoid waiting and motion waste. This result is often 
achieved through the creation of shaped tables that hold the components to be 
assembled, with which it is possible, on the one hand, to check that the kit 
necessary for the completion of the manufacturing is complete and, on the 
other hand, to quickly identify the pieces to be used each time. Similar solu-
tions, based on visual management, are used to organise equipment.

3. Shine (seiso): keeping the workplace clean is necessary in order to prevent 
breakdowns and the malfunctioning of the equipment, accidents in the work-
place and defects in the product that may be caused by contamination or 
contact with substances and materials, such as oil, chips, dust and so on.

4. Standardise (seiketsu): this principle concerns the need to identify standard 
working procedures, to be applied repetitively in order to guarantee high levels 
of efficiency.

5. Sustain (shitsuke): finally, it is necessary to sustain excellent practices for 
organising the workplaces and the performance of production activities, in 
order to guarantee the consolidation of new procedures and the benefits that 
these bring.

The 5S method is widely used in all organisations that intend to adopt lean 
management principles. Its implementation in fact requires a modest allocation of 
resources, but produces quick, significant results related to the effectiveness of 
machinery, quality rates in products, downtime due to defects, accidents and the 
amount of space occupied by production departments. This set of benefits ensures 
that the use of the 5S method is often a necessary condition to the implementation of 
more sophisticated practices, in particular Total Productive Maintenance.

5.4 leveraging Six‐Sigma for a SuStainable  
production

Six Sigma is a quality management methodology that became popular in the 1990s 
through the success experienced in large international firms, like Motorola, General 
Electric and honeywell, which widely demonstrated the positive effects they had on 
a number of operational and economic performance factors. The distinctive features 
of this methodology, grounded in the stream of quality management studies and ini-
tially being considered an evolution of Total Quality Management, are its focus on 
measurement, which is necessary for launching improvement projects, its search for 
perfection, regarded as the ability to fully meet customer needs and, finally, the 
importance it gives to change management practices as a lever for lasting improve-
ment. An exhaustive definition of Six Sigma, which encompasses this variety of fea-
tures, is given by Pande et al. (2000, p. xi): 

A comprehensive and flexible system for achieving, sustaining and maximising business 
success. Six Sigma is uniquely driven by close understanding of customer needs, 
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disciplined use of facts, data, and statistical analysis, and diligent attention to managing, 
improving, and reinventing business processes.

In order to understand the goals and tools that are characteristic of Six Sigma and 
the reasons why this methodology can lead to sound improvements of manufacturing 
processes, it is worth briefly underlining the main contributions to the field of quality 
management. In fact there is a wide range of literature on the subject, linked to the 
work of many authors who, by studying the various aspects of this phenomenon in 
depth, have come up with a variety of definitions of the term ‘quality’ and of solu-
tions suitable for improving it. From the various definitions offered, the most 
significant are the following:

 • Conformance to requirements (Crosby, 1984a).
 • Predictable degree of uniformity and dependability with a quality standard 

suited to the customer (Deming, 1986).
 • The total composite product and service characteristics of marketing, engineering, 

manufacturing, and maintenance through which the product and service in use 
will meet the expectations of the customer (Feigenbaum, 1991).

 • Fitness for use (Juran, 1988).
 • Meeting customer requirements (Ishikawa, 1985).
 • (Un)quality, as the set of losses incurred by the community when the product 

leaves the factory (Taguchi, 1986).

Each of these definitions highlights different quality features, starting with the 
approach of Crosby, which is more restrictive and focused only on technical and 
production aspects, and arriving at the definitions provided by Ishikawa and Taguchi, 
who, in order to define the phenomenon in question, use the concepts of ‘customer 
satisfaction’ and the ‘loss incurred by the community’ due to shortcomings in prod-
uct quality.

In manufacturing, however, the main approach to quality management and 
improvement is based on Crosby’s proposal, which best highlights the real contribu-
tion made by industrial transformation processes to the manufacturing of a product 
capable of guaranteeing high performance levels and customer satisfaction.

In an industrial production system, in fact, the role of operations consists of mak-
ing products that conform to specification limits, whose effectiveness depends on the 
actions of a large number of organisational units involved in the new product 
development process, and in particular Marketing, Design and Engineering, which are 
responsible for market analysis, the identification of the needs of target customers and 
the transformation of the latter into technical requirements. Consistent with Crosby’s 
approach, based on the concept of conformance, a product is considered defective if, 
taking a certain feature into consideration, the corresponding value observed for the 
individual unit of product does not fall within the interval of tolerance envisaged in 
the project. In this regard, refer to Figure 5.8, which shows the case of one feature 
measurable in centimetres, with a nominal value of 100 and interval of tolerance ± 1.
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By adopting this perspective, a synthetic indicator of the product quality along the 
production line is represented by the First Time Pass Yield Rate, which expresses the 
percentage of compliant products out of the total number of manufactured items:

 
First Time Pass Yield Rate

Number of conformant products

Total produuction volumes  

Starting from the 1980s, the growth in popularity of management philosophies and 
practices specifically focusing on the subject of quality, or in the context of which 
quality plays a crucial role (e.g. Total Quality Management, first of all, and then Lean 
Management and Six Sigma itself), determined a greater attention toward the preven-
tion of defects. In particular, Six Sigma, even though suitable for a wide range of 
business processes, is mainly applied to product quality improvement projects, in 
order to prevent defects through the continuous reduction of variability in manufac-
turing processes. This leads to measuring conformance in ‘ppm’, that is, parts per 
million (Pande et al., 2000), since in a Six Sigma environment the amount of scraps 
is so low that an indicator expressed as a percentage would be no longer adequate. In 
these cases the output of manufacturing processes has a very low variability rate 
compared to the nominal value (for each feature of the product). In particular, 
according to Six Sigma principles, perfection is reached when the interval of toler-
ance may contain six times the sigma (i.e. the standard deviation) of a process. In 
these cases, assuming a normal distribution of the values observed in relation to a 
given feature, the defects are 3.4 ppm and the conformity rate, if expressed as a 
percentage, would be 99.9997%. Table 5.3 shows the conversion of the various sigma 
levels (namely the size of the interval of tolerance expressed in multiples of the 
sigma identified in the process), as well as the related conformance rates and ppm.

In order to reduce variability in manufacturing processes, Six Sigma proposes the 
use of an improvement process called DMAIC, managed by an ad hoc team (gener-
ally with a minimum of five and a maximum of ten members) and divided into the 
following phases:

 • Define (D): in this phase the problem is identified by defining its scope, nature 
and size, in order to set improvement targets.

 • Measure (M): concerns the need to collect all data necessary for calculating 
indicators to be used to quantify the current performance of the process and the 
improvement target.

Interval of tolerance

Nominal
Value

defect

99 100 101 cm

figure 5.8 Conformance to specification limits: An example.
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 • Analyse (A): in this phase the data collected is analysed using tools that high-
light forms of variability or trends considered critical and that identify the main 
causes thereof. To this end, Six Sigma proposes the use of a number of tools 
mainly borrowed from Statistical Process Control and illustrated in 
Section  5.4.1. In this phase, the Design of Experiments (DOE) method is 
widely used, a statistical technique for planning experiments capable of identi-
fying the external and internal factors of a process that produce the main forms 
of variability in its performance, the weight of each of these factors and, finally, 
the mathematical model that expresses the relationship between each parameter 
and the observed area of performance.

 • Improve (I): to achieve improvement targets, it is necessary to use different 
tools and approaches that are appropriate for the observed environment, 
depending on the nature of the problem and the type of process involved. Often 
these tools are those used in Lean Management.

 • Control (C): after having implemented the improvement plan, or at the end of 
relevant phases of the project, the team must evaluate the achieved results by 
analysing the indicators defined in the second phase of the DMAIC process, in 
order to enable a feedback mechanism aimed at undertaking new corrective 
measures in the case where significant gaps are discovered between targets 
and results.

A characteristic feature of Six Sigma is the identification of specific people in charge 
of the management of improvement plans. Depending on the degree of training and 
responsibility, a distinction can be made between:

 • Green Belts: usually people that perform their normal functional activities and 
are also involved in Six Sigma projects.

 • Black Belts: people dedicated full‐time to the management and implementation 
of Six Sigma projects, under the coordination of Master Black Belts.

 • Master Black Belts: their role consists mainly of identifying new improvement 
areas, proposing Six Sigma projects in line with targets and monitoring those in 
progress.

Today, Six Sigma is considered to be an approach suitable for achieving more sus-
tainable manufacturing processes since, enabling scrap rates to be minimised, it 

table 5.3 relationship between conformity, ppm and sigma

Sigma Conformance rate PPM

1 30.9% 690,000
2 69.2% 308,000
3 93.3% 66,800
4 99.4% 6210
5 99.98% 320
6 99.9997% 3.4
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helps in coping with the waste associated with this phenomenon, as already illustrated 
in earlier sections of this Chapter. Furthermore, this approach, focusing on continuous 
improvement, may be a roadmap for enhancing environmental performance, as has 
occurred in a number of cases, mainly related to the reduction of greenhouse gases 
(Souza, 2012; Olson, 2010). For this kind of applications, the expression Green 
Six Sigma has been used (Olson, 2010), to highlight the relevance of this approach, 
especially in environmental performance improvement strategies.

5.4.1 Six Sigma and Statistical process control

The popularity of the Six Sigma approach in recent years has led to a renewed interest 
in the Statistical Process Control. Statistical Process Control (SPC) is based on the 
work of Shewhart (1931), which was conducted at the Bell Laboratories, and is 
directed at the identification of ‘out‐of‐control’ manufacturing processes, namely 
those that produce items with values that deviate from the tolerances envisaged dur-
ing the design phase. During the Second World War these techniques were used by 
US industry to guarantee adequate quality standards for military equipment and, sub-
sequently, were adopted in civil environments in many Japanese companies, which 
based their success also on an innovative approach to quality management (Dale 
et al., 2013).

SPC, in particular, aims at guaranteeing the control of manufacturing processes 
using statistical tools, which provide managers with useful information for planning 
actions to reduce variability (Dale et al., 2013; Oakland, 2008). The deviation bet-
ween actual and nominal values, in fact, may be caused by various factors. In some 
cases, it is the input that produces different outcomes of a transformation process. 
Take, for example, food production (like wine or olive oil), in which the characteris-
tics of the raw materials can be influenced by the environmental and climatic condi-
tions of the place of harvest, among other factors, which can lead to significant 
variations of the yield.

Further causes of variability are due to the equipment used in the manufacturing 
processes. Sometimes, an inadequate maintenance programme, or even a simple 
problem related to the cleaning of a machine, may produce differences in the charac-
teristics of the goods produced. Take, for example, processes for dyeing clothing, in 
which improper cleaning of the machine when moving from one batch to the next 
may produce contaminations that compromise colour. Obviously, malfunctioning of 
a machine can be a reason for high variability.

Sometimes, the variability in the process is caused by the lack of skill of the oper-
ator and degree of experience, as well as working conditions. If the workplace is 
badly illuminated, non‐ergonomic or lacks the materials and tools that the worker 
needs to perform the manufacturing activities properly, the stability of the process 
will tend to be reduced, as well as its conformance rates.

high variability is a pathology that the company must try to eliminate, or at least 
reduce. For this purpose, it is appropriate to use a set of tools based on statistical 
methods, which make it possible to highlight possible critical areas and to guide the 
company during the improvement process.
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Suppose that a sample of n items manufactured in a certain period of time is sub-
ject to control and that the measurement x of a certain feature is taken (take, for 
example, the weight of a can, the thickness of a metal sheet etc.). The values 
corresponding to these measurements will be identified as follows:

 x x x x xn n1 2 3 1, , , , ,  

The first calculation to be made is obviously linked to the simple average of the 
values recorded, which makes it possible to position the performance of the process 
in relation to the interval of tolerance defined during the design phase. Second, in 
order to assess the variability of the process compared to the average, the range 
(namely the difference between the highest value and the lowest value recorded) and 
the sigma (or standard deviation) are calculated. With regard to the sample of n items 
being checked, the three indicators are calculated as follows:
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These calculations need to be made in order to obtain the main tool of SPC, the con-
trol chart: see Figure 5.9.

The horizontal axis shows the samples according to the time sequence in 
which they are checked. The vertical axis, on the other hand, has the same unit of 
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figure 5.9 Example of a control chart.
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measurement as the feature being observed (e.g. millimetres in the case of thickness). 

On this second axis, the average X is shown (in the example in Figure 5.9, this is 
100), which is calculated using the x  values recorded in the k samples analysed, 
obtained as follows:

 
X

x

k

jj

k

1

 

A process is considered to be under control if the x  values fall within a range equal 
to 6 times the sigma of the observed phenomenon, centred on the average value X. 
Since in this case the observed data is not referred to the individual items that undergo 
quality control, but to the averages recorded in each sample, the sigma is replaced 
with the standard error, which is calculated as follows:

 
SE

s

n  

If the process is stable, supposing that the values are normally distributed, more 

than 99% of the x  averages must fall within the interval equal to X SE3 , with a 

high concentration around X. This is in line with the requirements of the Six Sigma 
approach, according to which a process under control is characterised by a number 
of defective products equal to 3.4 ppm, equivalent to 99.9997% of the volumes 
produced (please see Table 5.3).

In a situation such as the one shown in Figure 5.9, only one out of forty average 

values would fall in the area outside the interval X SE2  (Oakland, 2008). The 

example shown in Figure 5.9 assumes that the average value X is 100 and SE is 0.5. 

Therefore, the threshold values are, respectively, 98.5 ( )X SE3 , 99 ( )X SE2 , 101 

( )X SE2  and 101.5 (X SE3 ). Thus, the data shown in Figure  5.9 represents a 
situation of substantial stability in the process. This example reveals the big potential 
of a control chart. Indeed, the probability that the average values of two consecutive 

samples fall outside the interval X SE2  is so low (1/40 × 1/40 = 1/1600) that this 
event deserves attention, because it is most likely connected to a pathology of the 
production system.

More broadly, the presence of (positive or negative) trends or values that are sys-

tematically higher or lower than the average X, even if they fall within the interval 

X SE3 , are clear evidence of situations that require analysis in order to check for 
the existence of any pathology of the system. The study of the stability level of the 
process is also crucial for the calculation of the process capability, which expresses 
the ability of a process to produce items that conform with design specifications. In 
this regard, suppose that the interval of tolerance is equal to x0  for a product fea-
ture, where x

0
 is the nominal value. The range of the interval of tolerance is 2ε. 

During the design phase, it is first of all worth checking whether the machinery used 
in production will be able to guarantee compliance with this tolerance, which requires 
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that the variability range of the actual values reported during the quality control be no 
greater than the size of the interval 2ε. If the process is under control, with a standard 
deviation of σ, more than 99% of its products will fall within the interval equal to 6σ. 
Therefore, it is possible to guide the aforesaid check during the design phase by 
calculating the following process capability index (Cp):

 Cp 2 6/  

In the cases where this indicator is greater than 1, the interval of tolerance is wider 
than the range of variability of the process. Therefore, upon first analysis, no prob-
lems should arise during the production phase. In contrast, if the value obtained is 
lower than 1, it can be said that the interval of tolerance being defined during the 
design phase is too narrow and that, therefore, the process will be characterised by 
the systematic production of non‐conforming items. In this regard, refer to 
Figure  5.10. This situation, also known as over‐specification, usually leads to 
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figure 5.10 Process capability.
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unsatisfactory economic results, due to the high production cost of items character-
ised by tolerances that are excessively tight and whose market does not recognise 
their value (Coman and Ronen, 2010).

Even when the Cp is greater than 1, it can still be difficult to meet design specifi-
cations if the two variability margins are centred differently, as shown in Figure 5.11. 
The graph shows a situation in which the range of variability of the process (6σ) is 
narrower than the interval of tolerance. Nevertheless, the output values of the process 
are distributed normally with an average of x , which is higher than the nominal value x

0
. 

Therefore, the process is more precise than required, but reports values that are dis-
tributed around an average that differs from the target.

Therefore, the Cp indicator cannot highlight this type of situation. It is necessary 
to use a second indicator, the Cpk, which takes not only the variability of the process 
into consideration, but also its centring. The Cpk of a process, in particular, is the 
lower of the following two indicators:
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A Cpk of lower than 1 highlights the fact that the variability of the process and its 
centring are such as to not allow compliance with at least one of the two extremes of 
the interval of tolerance. In this case, the solution to the problem may lie not only in 
reducing the variability of the process, but also in centring it differently, which some-
times can be easily achieved by regulating the equipment.
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figure 5.11 Process capability with off‐centre processes.
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5.5 ServitiSation and leaSing

A way to further improve the environmental performance of a production process 
consists of designing the product offering of the company so as to ensure that the 
product will be properly used and disposed of at the end of its life cycle. This can 
have remarkable implications in particular on the design phase and on the recovery 
one, which must be supported by an effective reverse logistic process. however, the 
potentialities of such solutions can be further exploited if a servitisation strategy is 
adopted by the manufacturer. ‘Servitisation’ has been defined as ‘the increased 
offering of fuller market packages or bundles of customers focussed combinations of 
goods, services, support, self‐service and knowledge in order to add value to the core 
product offerings’ (Vandermerwe and Rada, 1988). This strategy became popular in 
the late 1990s, when manufacturing companies ‘went downstream’ (Wise and 
Baumgartner, 1999) through the provision not only of physical goods, but also of a 
number of profitable after‐sales services, as spare parts supply, maintenance and 
assistance activities, which are valuable for the customer especially when the product 
life cycle is long –  for instance, home appliances or capital equipment. A further 
evolution of this strategy consists of the possibility to adopt new businesses models 
in which the ownership of the product is no longer a condition for the customer to use 
it, and solutions such as rental or leasing can be seen as an alternative to sale 
(Tukker, 2004).

The adoption of these business models can result in opportunities to improve the 
environmental performance of the product/service (Souza, 2012). Indeed, end‐of‐
lease (rent) products are still functioning and can be reused as they are or through a 
refurbishing process. Thus, leasing companies can ensure a higher degree of exploi-
tation of the product and of its materials and components, while in the case of sale 
the customer could dispose of the item, even though it (or some of its parts) could 
still be used. This opportunity can be further improved if the product has been 
designed through a modular approach, which enables an efficient disassembly and 
rework at the end of the leasing period. This is actually a key condition for making 
lease and rental environmentally sound practices. In fact, when the recovery process 
of a used product is complex and expensive, the company could consider it more 
convenient to dispose of the product rather than to refurbish and/or disassemble it, 
and solutions such as a premature disposal could be seen as preferable.
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6
SuStainability and logiSticS, 
phySical diStribution 
and packaging

6.1 introduction

Nestlé is a multinational company engaged in the fast‐moving consumer goods 
industry, which in the recent years has strived to embed the principles of Corporate 
Social Responsibility (CSR) in its business processes, especially in the production 
and distribution of mineral water.

The degree of environmental sustainability of products and processes in the 
mineral water industry has recently become a relevant issue. Indeed, producing 
and distributing water in plastic bottles involves a number of choices that, from 
a life cycle perspective, can produce a wide range of negative environmental 
impacts. Indeed, several inputs (mainly energy, oil and other raw materials) are 
used to manufacture plastic bottles, which, at the end of their (short) life cycle, 
must be disposed of or recycled. Furthermore, production and distribution activ-
ities produce several negative effects on the environment, for example, due to 
emissions (mainly caused by transportation) and soil contamination (caused by 
production activities). Local communities are also significantly affected, espe-
cially for the municipalities in which distribution hubs are located (in terms of 
traffic congestion and air pollution if trucks are used for distribution).

All of these problems are a reason for widespread concern among final con-
sumers, due to the fact the people can easily drink tap water as an alternative to 
mineral water, thus enjoying at least two benefits. On the one hand, they can save 
money given that tap water is much cheaper than bottled water and, on the other 
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hand, they can contribute to the reduction of the negative environmental impacts 
caused by mineral water during its life cycle.

In order to cope with the threats that are emerging from the recent concerns 
about the actual benefits of the mineral water and its environmental sustainability, 
Nestlé has started investing in its own sustainability model, which is based on 
three pillars:

1. Health.
2. Quality.
3. Environment.

With regard to the first aspect, the company is working on the concept of 
‘hydration’, which is the primary reason for water consumption. Nestlé is invest-
ing in R&D activities and in scientific initiatives in order to improve its product 
and its capabilities in this field of research by taking part in scientific committees, 
clinical trials and medical conferences, and so on.

As far as the second aspect is concerned, Nestlé is striving to enhance the 
quality of its mineral water through a strict control of all the steps in the produc-
tion process. In this regard, major importance is attached to the sourcing process, 
and namely to the selection of springs where specific tastes and mineral char-
acteristics can be obtained. In the manufacturing process, social sustainability 
is pursued in Nestlé factories through compliance with international standards 
(such as ISO 18001 and OHSAS). Furthermore, the selection of the treatments 
that the product can undergo is a major concern. Indeed, while chemical treat-
ments are avoided to preserve water’s purity, some physical ones are used in 
order to improve it (e.g. microfiltration).

From the perspective of the environment, Nestlé is working on the concept 
of life‐cycle assessment, in order to identify and address all the forms of envi-
ronmental impact of bottled mineral water. Since a major part of these effects 
originate from the use of plastic bottles, it has invested in R&D activities aimed 
at reducing the plastic necessary to package and transport water. In fact, in just 
a few years the company has been able to cut the packaging weight per litre pro-
duced by 26%. Furthermore, the plastic bottle is now 100% recyclable, it uses 
labels that are 30% smaller than its competitors and requires 30% less plastic 
than average half‐litre bottles. In addition, it is more flexible, thus making it 
easier to crush for recycling.

Of course, another major issue concerning the environmental impact of min-
eral water is transportation. On the one hand, the production of mineral water 
(in terms of location and of number of factories) is limited by the availability 
of springs managed by the company. On the other hand, the distribution of the 
product is generally on a national basis, which makes it necessary to move a 
bottle of mineral water over long distances in order to reach its final destination. 
In this regard, Nestlé has undertaken a number of initiatives in order to reduce the 
carbon footprint of transportation. First of all, it has strived to produce mineral 
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Logistics and physical distribution are a major area of concern for companies willing 
to improve their social and environmental performance. As demonstrated by the case 
history of Nestlé, the solutions that an organisation can adopt to achieve this result 
are numerous and involve a wide range of choices concerning the delivery process: 
from the design of the supply chain and the selection of the most environmentally 
sound mode of transport to ‘green’ packing – to mention a few.

In the remainder of this Chapter the contribution of logistics and physical distri-
bution to social and environmental sustainability will be outlined, as well as the 
main technical and managerial solutions that can be adopted to improve this 
performance area.

6.2 Social and environmental aSpectS in logiSticS 
and phySical diStribution

In the past few decades transportation and logistics have had a significant impact on 
both social and environmental sustainability. Whether they involve the transportation 
of humans to and from their destination or the shipping of goods and materials, trans-
portation and logistics need to be considered as waste due to the substantial negative 
effects they have on the environment and on people’s well‐being.

On a macro‐economic level, the economic impact of logistics varies significantly, 
mainly due to the degree of efficiency with which these activities are managed. In 
this respect, it is worth noting how logistics costs represent approximately 11% of the 
Gross Domestic Product of the United States and europe, whereas this figure reaches 
14% in Latin America (Rushton et al., 2014). If we look at national data, the vari-
ability in these costs is even more accentuated. For example, in Germany the 
percentage is significantly lower at 10%, but the impact of logistics costs on the GDP 
of India and China stands at 17 and 21%, respectively. Improvements in physical 
distribution management practices, such as in the infrastructures and vehicles used, 
therefore, produce levels of efficiency that result in lower logistics costs. This is also 
apparent if the trend of this indicator is analysed over time. In fact, average values 
stood at approximately 20% even in the more developed countries until the 1980s, a 
period in which more sophisticated management practices became more common, 
thus improving the performance of logistics processes.

water closer to the customer, through the use of new springs, thus reducing the 
average distance to be covered for the delivery of the product. Furthermore, mul-
timodal transport solutions have been adopted, and when road transportation is 
used, longer trucks are employed. In order to reduce the number of deliveries, 
better pricing terms are offered to clients who place large orders. Finally, the 
migration toward less polluting technologies, as Euro 5 vehicles, has also been 
encouraged.

Source: www.supplychainworld.com, viewed 1 March 2016.



SUSTAINABILITY AND LOGISTICS, PHYSICAL DISTRIBUTION AND PACKAGING 139

even if, on the whole, the efficiency of physical distribution is constantly 
improving, it continues to be a significant source of social and environmental risks, 
in particular. It must, in fact, be noted that the largest part of logistics costs is related 
to transportation. In europe, the latter amounts to 40% of total physical distribution 
costs, whereas in the United States this figure rises to 49% due to greater distances 
(Rushton et al., 2014). Furthermore, the quantity of transported freight, although a 
function of economic cycles, has progressively increased. For instance, the total vol-
umes transported in the european Union in the period 1995–2011 increased by 25%, 
maintaining the mix of transportation modes unchanged, as can be seen in Figure 6.1 
(european Union Road Federation, 2013).

In recent years the logistics sector has benefitted considerably from techno-
logical innovation in vehicles, which has enabled several environmental 
performance areas to be improved, as demonstrated by the data on the production 
of the following polluting substances (eUROSTAT data, 2000–2013, eU 28 
Countries):

 • emissions of nitrogen oxides (NO
x
) from non‐road transport: –27%.

 • emissions of nitrogen oxides (NO
x
) from road transport: –44%.

 • emissions of particulate matter from non‐road transport: –39%.
 • emissions of particulate matter from road transport: –45%.

These rates of change, only partially justified by the decrease in GDP in recent 
years, are the result of improvements in vehicle technology, which have significantly 
reduced consumption and polluting potential. Nevertheless, the need to monitor 
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logistics more strictly within the context of a wider strategy of sustainability (not 
only corporate sustainability) emerges from the analysis of the data on the impact of 
transport on the total Greenhouse Gases (GHG) that, in the period 2000–2013, went 
from 17 to 19% (eUROSTAT data). A physical distribution management process 
aimed at the improvement of its environmental standards can, therefore, significantly 
reduce the damaging effects of atmospheric pollution on a global level (above all 
global warming), on a regional level (in particular, acid rain and photochemical 
smog) and on a local level (due to the various damaging effects of GHG on the health 
of local communities if high levels of such gases are reported).

The physical distribution of freight, and in particular transportation, causes other 
damaging effects, such as noise pollution (discussed in Chapter 5), the vibrations 
produced from vehicle transit, capable of causing structural damage to buildings, and 
traffic congestion, which in turn contributes to the worsening of the environmental 
performance of transportation. Furthermore, it must be noted that traffic intensity, 
together with the safety standards of the vehicles used, contributes to the number of 
traffic accidents and their victims. In reality, the trends recorded in this regard are 
broadly positive, due in particular to road system improvements in many countries 
and innovation in vehicle technology, which have increased safety levels. In the 
period 2000–2013, for example, there was a significant decrease in the number of 
people killed in road accidents in europe, and in particular in Spain (–71%), Portugal 
(–66%) and Italy (–52%), whereas the lowest figure recorded was in Romania, which 
saw the number of victims of road traffic accidents reduced by 25% in the same 
period (eUROSTAT data).

Despite significant improvements, traffic congestion must continue to be moni-
tored, and with this the need to reduce the circulation of vehicles used to transport 
goods, due to the fact that the number of deaths caused by road accidents in absolute 
terms remains high. For example, on a european level approximately 17,000 people 
were killed in road accidents in 2013 in the 20 countries in which this data was avail-
able (eUROSTAT data).

The numerous environmental and social effects associated with logistics highlight 
the need to take this performance area into consideration in the design and 
management of the physical distribution process, although these are traditionally 
driven by decisions related to cost and customer service. The main approaches and 
tools that can be used to do so will be illustrated in the following sections.

6.3 phySical diStribution and SuStainability: 
a reFerence Framework

Specialist literature has provided various definitions of the concept of physical distri-
bution, with contributions that aim to highlight the different components of this pro-
cess. The most well‐known definitions are given below by way of example:

1. Logistics represents the storage and flows from the final production point through to 
the customer or end user (Rushton et al., 2014).
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2. Logistics is … the management of all activities which facilitate movement and 
coordination of supply and demand in the creation of time and place utility (Hesket 
et al., 1973).

3. Logistics is … the process of planning, implementing, and controlling procedures for 
the efficient and effective transportation and storage of goods including services, 
and related information from the point of origin to the point of consumption for the 
purpose of conforming to customer requirements (CSCMP, 2013).

4. Logistics is … the process of planning, implementing and controlling the efficient, cost 
effective flow and storage of raw materials, in‐process inventory, finished foods, and 
related information flow from point‐of‐origin to point‐of‐consumption for the purpose 
of conforming to customer requirements (Council of Logistics Management, 1986).

5. Logistics is the process of strategically managing the procurement, movement and 
storage of materials, parts and finished products (and the related information flow) 
through the organization and its marketing channels in such a way that current and 
future profitability are maximized through the cost‐effective fulfilment orders 
(Christopher, 2010).

These definitions highlight the main characteristics of logistics. First of all, the 
idea of a physical flow and an information flow as peculiar features of logistics 
processes are recurrent themes. Second, these definitions – although with varying 
levels of intensity – dwell on the performance areas that design and management of 
logistics are expected to guarantee, and in particular cost‐effectiveness and service 
where the latter is understood as the ability to meet the requirements of the customer 
in terms of quantities, and times and places of delivery. One aspect that, on the other 
hand, distinguishes the various definitions concerns the scope of logistics, which 
ranges from the storage and transportation of finished products to all the stages along 
the life cycle of the product, from the supply of raw materials and components to 
waste management using reverse logistics processes.

In this Chapter, physical distribution will be analysed from the perspective closest 
to the definition proposed by Rushton et al. (2014), with a focus on the storage and 
transportation of finished products alone, which require the arrangement of a process 
for the delivery of the goods into the hands of the customer. Therefore, this Chapter 
will exclude reverse logistics (addressed in Chapter 7) from the scope of the physical 
distribution process, as well as inbound logistics and materials management, which 
concern the storage and flows of materials into and through the production process 
(addressed in Chapters 4 and 5). In view of this definition, it is therefore possible to 
say that the key elements of physical distribution are the following (Rushton 
et al., 2014):

 • Storage, warehousing and materials handling: designing and managing this 
element of the physical distribution raise problems concerning, among other 
things, the number of warehouses, their size and location, the type of equip-
ment to use.

 • Inventory: it concerns decisions regarding how much should be stocked, where 
inventory should be held (e.g. in a central warehouse rather than in local distri-
bution centers) and which items should be stocked.
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 • Transport: it relates to such problems as the choice of the most appropriate mode 
of transport, the type of delivery operations, load planning and route scheduling.

 • Packaging: this element concerns such problems as the choice of the primary 
and secondary packaging, which can influence, among the others, the choice of 
the materials handling equipment.

 • Information and control: this element mainly refers to the design of effective 
control systems, suitable for enabling a feedback and feed‐forward control 
process.

It is evident that the number of the components of physical distribution and their 
complexity require a design process that ensures that the performance expected from 
the process in question is consistent with the configuration of the latter. The physical 
distribution process is designed using a complex framework, which is usually asso-
ciated with the stages shown in Figure 6.2.

The physical distribution process acts as an interface between the company and 
the market, facilitating the identification of a series of relevant performance profiles 
attributable to the broader concept of ‘logistic service’, which is an important growth 
and profitability driver, especially in the sectors subject to product commoditisation 
(Lambert and Burduroglu, 2000). It follows that the first step of this process concerns 
strategic choices, which are related to the customer service level that the company 
seeks to ensure and refers to the following aspects in particular (Rushton et al., 2014; 
Frazelle, 2002):

 • Speed and dependability of the delivery.
 • Availability and completeness of the order.
 • Order accuracy, in terms of damaged materials and returns from customers.

Customer
service

Strategic choices

Structural choices

Channel design

Materials �ow

Facilities and
machines

Information
system

Implementation and operational choices

Policies and
procedures

Personnel

Transportation

Functional choices

Warehouses

Network design

Figure  6.2 The design of the physical distribution process. Source: Copacino 1997. 
Reproduced with permission of Taylor & Francis.
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The first component of logistic service is related to time performance, which 
became increasingly important starting from the 1990s, not only with regard to the 
new product development process, but also with reference to the management of the 
processes concerning the physical distribution of goods (Blackburn, 1991). The sec-
ond profile is, in fact, a complement to the first, since on‐time delivery requires the 
physical availability of a sufficient quantity of products in order to guarantee fast and 
complete shipments, especially in companies managed according to the make‐to‐
stock approach. Finally, the third level of assessment is connected to the ‘quality’ of 
the delivery, in terms of physical integrity of the product and of completeness and 
correctness of the administrative, shipping and transportation procedures (Christopher, 
2005; Frazelle, 2002).

The choices regarding the level of logistic service have considerable implications on 
the choices regarding the structural aspects of the physical distribution process, namely 
the distribution channels and the organisation of the logistic network. The latter, in 
particular, has significant repercussions on the level of service and on the environ-
mental footprint of the delivery process, which will be illustrated in more detail in this 
section. Logistic network choices, in fact, mainly concern the number and location of 
warehouses and depots that goods must pass through in order to reach the customer, as 
well as the distinction between transit points and facilities to be used to store the prod-
ucts. These decisions are then implemented through functional choices, which are 
related to the management of warehouses, transportation and the physical flow of 
goods, and involve operational choices regarding the technical solutions to be used 
(such as the degree of automation of the warehouses and the types of vehicles used for 
transportation), the IT systems supporting the storage and transportation activities 
(in particular the Warehouse Management Systems and the Transportation Management 
Systems), the process management approaches typical of physical distribution (such as 
picking in the warehouses or the planning of milk runs) and even personnel management 
approaches.

There are several links between GHG emissions and the design and management 
of physical distribution processes. Figure 6.3 describes the cause and effect relation-
ship between the production of CO

2
 and decision‐making levers, highlighting their 

variety and complexity.
As illustrated in Figure 6.3, CO

2
 produced through logistic activities is the final 

result of a series of decisions, which depend on the quantity of goods produced and 
subsequently delivered, the distance covered to make the delivery, the size and satu-
ration of the vehicles used and the consumption and type of fuel that they use. This 
set of variables, in turn, is influenced by various factors, which can be classified into 
endogenous and exogenous (Piecyk and McKinnon, 2010; McKinnon and Woodburn, 
1996; 1993).

Factors associated with design choices concerning the physical distribution pro-
cess can be considered endogenous. They are mainly related to the following:

 • Structural factors, which concern in particular the organisation of the logistic 
network and, therefore, the number and location of depots and warehouses. 
Recent trends to centralise logistic networks and therefore to reduce the number 
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of transit points or storage facilities for goods before they reach the customer, 
on the one hand, meet the requirement to reduce inventory levels, but, on the 
other hand, can produce a lower level of transport efficiency, characterised by a 
lower percentage of vehicle saturation and the use of routes that are not always 
optimised. Furthermore, it must be considered that the development of e‐
commerce as a distribution channel is further boosting the aforesaid phe-
nomena, since the latter involves direct home deliveries, often characterised by 
a lower level of transport efficiency.

 • Strategic and commercial factors, which concern logistic service choices, 
related to the type and intensity of the performance that the company aims to 
provide to the customer. The emphasis placed on time performance in recent 
years, and in particular on delivery speed, leads to storage and transportation 
choices that have a negative impact on the environment. In order to make on‐
time deliveries, in fact, it is necessary to oversize supplies, so that the avail-
ability of the requested goods can be guaranteed at the time of receipt of the 
order and deliveries can be planned giving priority to speed, sacrificing 
vehicle saturation and the use of slower means of transport that have a lower 
environmental impact. Furthermore, whereas the provision of return logistics 
services for the collection of goods for recycling and reuse is an essential 
element for the pursuit of sustainability strategies along the product life cycle, 
on the other hand it creates new pressure for the transportation process, con-
tributing to the size of its environmental footprint.

 • Operational and functional factors, which concern logistical aspects, such 
as  the management of the physical flows of goods, the routing of deliveries, 

CO2 emissions
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Figure 6.3 A framework to understand the drivers of CO
2
 production in transportation. 

Source: Piecyk 2010. Reproduced with permission of elsevier.
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the  type of transport to be used and choices regarding the average levels of 
saturation of the latter. These aspects are in fact a consequence of strategic and 
structural choices and thus the comments made in the previous points are also 
applicable to them.

 • Product‐related factors, which concern in particular the unit value of the prod-
uct, on the one hand, and its weight and volume, on the other hand. The rela-
tionship between these two aspects, known as value density, leads towards 
centralised logistic networks in the case of high values, or decentralised 
 networks in the case of low values. In the former case, in fact, transportation 
costs (depending generally on weight and volume) would be relatively low, 
especially in relation to the unit value of the product. This justifies structural 
choices characterised by a certain inefficiency of the transport. Companies may 
improve product‐related factors, mostly through the redesign of the product in 
order to reduce its size, through more efficient packaging, for example, or the 
use of alternative materials that weigh less. There is a clear link between these 
factors and the structural choices regarding logistics and the environmental 
footprint of the company.

Exogenous factors refer to aspects such as fuel costs, technological innovation 
(especially in relation to vehicle performance), economic and tax policies, trends of 
the global economy, the characteristics of the infrastructures of a country and, more 
generally, the macro‐trends of the development of national economies.

6.3.1 carbon Footprint auditing

The starting point of any improvement initiative aimed at reducing GHG emissions 
is the carbon footprint auditing, which can be defined as the process of quantifying 
the total amount of carbon dioxide and other GHG, expressed in CO

2
 equiva-

lents,  emitted directly or indirectly by an entity (McKinnon et  al., 2015). Such a 
measurement can be carried out for a number of reasons, ranging from the necessity 
to comply with mandatory reporting programs set out by governmental authorities, 
to the possibility of participating in GHG markets, to the identification and imple-
mentation of actions aimed at improving the environmental footprint of the company, 
in pursuit of an environmental strategy.

In europe the Integrated Pollution Prevention and Control (IPPC) Directive 
(Directive 2008/1/eC) requires that industrial activities with a high pollution poten-
tial must report emissions exceeding specified thresholds for the six GHG identified 
by the Kyoto Protocol, that is, carbon dioxide (C0

2
), methane (CH

4
), nitrous oxide 

(N
20

), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride 
(SF

6
) (United Nations, 1998). Such data feeds the european Pollutant Release and 

Transfer Register (e‐PRTR), which enables analyses and comparisons among coun-
tries and sectors (eeA, 2012). Concerning the GHG market, the trading of carbon 
emissions is a legal way for managing an excessive production of GHG, buying 
the permit to overproduce from entities whose emissions are below the thresholds, 
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thus implementing what the Kyoto Protocol calls a ‘flexibility mechanism’. In this 
case, a condition to enter this market relies on an accurate reporting of company’s 
carbon emissions. Finally, even when none of these conditions hold, companies 
might still want to quantify their carbon footprint in order to plan and implement 
appropriate improvement actions and to eventually gain those benefits associated 
with a superior environmental and social performance, as a higher ability to attract 
investors and to reinforce the company’s competitiveness.

To properly carry out a carbon footprint audit, relevant issues must be addressed, 
namely (McKinnon et al., 2015):

 • The overall reporting principles.
 • The organisational boundaries of the system to audit.
 • The operational boundaries of the system to audit.
 • The measurement process.

Concerning the overall reporting principles, according to the Green House Gas 
Protocol Corporate Standard (WBCSD/WRI, 2004) as well as to the ISO standards 
relevant to this topic (ISO/TS 14067:2013, Greenhouse Gases – Carbon Footprint of 
Products; Requirements and Guidelines for Quantification and Communication, and 
ISO/CD 14064:1, Greenhouse Gases – Part 1: Specification with guidance at the 
organization level for quantification and reporting of the greenhouse gas emissions 
and removals), a company willing to measure and report its carbon footprint, either 
to comply with a mandatory reporting program or for a voluntary initiative, must 
respect the following guidelines, which lead to informative and reliable pieces of 
information:

 • Relevance: it refers to the suitability of the reported GHG as a relevant input 
data for the decision‐making processes of the company and of other external 
entities. This aspect is highly influenced by the selected inventory boundaries, 
which should be set so as to provide any user with a realistic description of the 
environmental footprint of the company, regardless of its legal form.

 • Completeness: it concerns the sources of GHG that must be included in the 
process and the use of threshold values. In this regard, some organisations 
report GHG emissions when a certain degree of materiality is reached. However, 
since the comparison with a threshold involves a quantification of the GHG 
emitted, it is preferable that these be explicitly reported.

 • Coherence and consistency of the reported data, in terms of quantification 
methods and unit of analysis, so as to allow comparisons over time.

 • Transparency about the methods, the assumptions and the sources of data of the 
auditing process, so that an independent reader could achieve the same results 
by replicating the approach described in the report.

 • Accuracy in the calculations, in order to guarantee a level of reliability as high 
as possible for measures of GHG based on estimates.
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As far the organisational boundaries of the system to audit are concerned, the 
main problem refers to the identification of the activities that can release emissions 
and that the company is responsible for. If the company owns 100% of its operations, 
the definition of such a perimeter is rather easy since it coincides with the whole set 
of activities and facilities of the company. But if its structure is more complex, for 
example with branches and subsidiaries in foreign countries where joint ventures 
with local entities might be established, defining the boundaries of the system can be 
more controversial. In this case, either the equity share approach or the control 
approach can be adopted (WBCSD/WRI, 2004). In the former case, the company 
will be responsible for a fraction of the GHG gases emitted by an operation (e.g., a 
factory or any other form of facility) equal to its share of equity. In the latter case, the 
company will include in the boundaries of the system and will be responsible for the 
entire amount of emissions by all those operations over which it exerts a control. In 
this regard, the ‘control’ can be defined either from a financial or from an operational 
view point. The former can be observed when the company can direct the policies of 
the controlled unit, while the latter occurs when the company can not only direct, but 
also implement operating policies in the controlled unit. In cases where a single 
company or facility is owed by several entities, these have to apply a consistent 
approach to the definition of the organisational boundaries so as to avoid overlaps 
and double‐counting.

The operational boundaries of the system have, then, to be defined. They concern 
the scope of the measurement process, which involves the identification of the source 
of direct and indirect emissions of GHG that must be considered for the reporting 
process. In this concern, according to the Greenhouse Gas Protocol, three possible 
scopes can be defined (WBCSD/WRI, 2004). Scope 1 refers exclusively to the direct 
emissions relative to the GHG covered by the Kyoto Protocol, which are released by 
sources owned or controlled by the company (e.g. generation of electricity, physical 
and chemical processing, transportation of goods). Scope 2 refers to the indirect 
emissions due to the production of the electricity bought by the company for its own 
use. Finally, Scope 3 covers the indirect emissions that are a consequence of the 
company’s interaction with other entities and that are produced by sources not owned 
or controlled by the company itself. This may be the case for GHG emissions due to 
the production of purchased products and components. For companies willing 
to report their emissions, it is suggested to adopt at least the first two Scopes, so as to 
provide a detailed enough description of their environmental footprint.

The measurement process refers to the activity of quantifying the total amount of 
GHG emitted within a selected operational boundary (or Scope). In this regard, 
the standard approach to the calculation requires that all emissions be expressed in 
Carbon Dioxide equivalents (CO

2e
), according to conversion rates that express the 

Global Warming Potential (GWP) of 1 tonne of any given GHG type in terms of 
the  equivalent amount of CO

2
 that would result in the same warming effect (see 

Table 6.1).
For companies willing to measure the direct and indirect emissions of their 

 activities, several cross‐sector and industry‐specific tools are available, suitable for 
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supporting the measurement process and the deployment of the overall measure into 
more detailed sources of origin. This is particularly relevant when quantifying the 
emissions of manufacturing plants, whose activities can be articulated into a number 
of steps, requiring different pieces of equipment, types of transformation, each of 
them resulting in a bundle of GHG releases (see, for instance, http://ghgprotocol.org/
calculation‐tools).

If the scope of the measurement process is limited to physical distribution and, in 
particular, to transportation, two main approaches to the computation of the carbon 
footprint can be adopted: the fuel‐based approach and the activity‐based one 
(McKinnon et al., 2015). According to the former, the carbon footprint of transporta-
tion must be measured looking at the total amount of any type of fuel consumed in a 
given period of time, multiplied by the relative conversion rate (see Table 6.2). In 
order to properly implement such an approach, it is necessary to get pieces of 
information about the actual consumption of fuel and, in this regard, fuel receipts or 
financial reports about this type of expenditure can be a reliable source.

If the activity‐based approach is adopted, companies must measure the carbon 
footprint of their distribution process starting from the activities carried out by each 
vehicle and from the related operating conditions (e.g. total kilometres travelled, type 
of goods transported, loading factors, empty running, traffic situation, vehicle cate-
gory etc.). Building on these pieces of information, it is possible to compute the 
emissions of freight transportation through the adoption of appropriate conversion 
rates as those reported in the Handbook of Emissions Factors for Road Transportation 
(INFRAS, 2014) or through the use of CO

2
 calculators specific to logistics, as 

ecoTransit (www.ecotransit.org).

table 6.1 conversion rates of ghg into co2e

Greenhouse gas
Global warming potential 
(GWP) in CO

2e

Carbon dioxide 1
Methane 21
Nitrous oxides 310
Hydrofluorocarbons 140
Perfluorocarbons 6,500
Sulfur hexafluoride 23,900

Source: Defra (2013a).

table 6.2 conversion rates of types of fuel

Fuel Type Units kg CO
2e

 per Unit

Petrol Litre 2.2144
Diesel Litre 2.6008
Compressed natural gas (CNG) Kilogram 2.7072
Liquid petroleum gas (LPG) Litre 1.4929

Source: Defra (2013a).
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6.3.2 eliminating transportation waste

Once the carbon footprint of an organisation has been quantified, it is possible to set 
improvement targets and plan appropriate actions. The process of eliminating trans-
portation ‘waste’ can be addressed through the lean approach, following the steps 
stated below (Wills, 2009):

 • Identify all activities and processes that require transportation.
 • Specify the mode of transportation and the distances covered.
 • Identify solutions that can reduce the environmental impact of transportation.
 • Offset the remaining negative effects of transportation.

When carrying out the first step, it must be considered that transportation can be 
external or internal. The former involves all those activities that occur outside the 
organisation, such as the shipping of goods. The latter consists of the travel required, 
within the company’s premises, to move materials and goods from one area or 
process to another. Obviously, external transportation, compared to internal one, is 
more critical since it produces the highest impact on the environmental footprint of 
the company. Nevertheless, the same improvement process can be adopted for 
both types.

external freight transportation may be described through the identification of the 
items dispatched to customers or received from suppliers. To do this, all of the 
incoming and outgoing products and materials in the shipping and receiving areas 
have to be traced. For this purpose, it can be useful to review shipping and receiving 
logs, as well as incoming and outgoing freight bills in order to obtain a complete and 
accurate list of all materials flows.

The second step in the process of minimising transportation waste consists of 
determining the different modes of transport used (e.g. air, road, rail etc.), as well as 
the distance travelled through each of them. This activity can be supported by the 
adoption of the so‐called Transportation Waste elimination Sheet (Wills, 2009). This 
document, represented in Figure 6.4, shows the items received (or dispatched) by the 
company, the current mode of transportation and the total distance covered from the 
point of origin to the point of destination, thus proving a picture of the ‘current state’ 
of the external freight transportation process.

Once a detailed description of the current state has been achieved, the most chal-
lenging stage of the improvement process has to be undertaken, which refers to the 

Activity: shipment of goods from the factory to the warehouse
Current state

Item Mode Distance
Item 1 Road 100 km/week
Item 2 Rail 350 km/week
Item … … …

Figure 6.4 Transportation waste elimination sheet – example of a current state. Source: 
Willis 2009. Reproduced with permission of Taylor & Francis.
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identification and adoption of solutions aimed at improving the carbon footprint, 
through a reduction in the total distance covered and the migration toward more 
environmentally sound modes of transport. Because emissions generated by physical 
distribution cannot be fully eliminated, companies can offset them, sponsoring pro-
jects beneficial for the environment. The most relevant improvement opportunities 
are reviewed in Sections 6.3.2.1–6.3.2.5.

6.3.2.1 Local Sourcing In order to reduce the distance travelled to deliver goods, 
sourcing or producing locally are appropriate strategies (Wills, 2009). This trend is 
becoming popular especially in industries such as food, where customers are show-
ing a greater and greater concern about the origin of what they buy and about the 
social and environmental sustainability of the production practices. Furthermore, the 
demand for local products is coupled with the widespread need to recover and 
leverage distinctive traditions and know‐how of local communities, in contrast with 
the idea of an on‐going process of standardisation of cultures, values and habits.

Widening the discussion, local sourcing and production can lead to several advan-
tages, such as quicker and more dependable deliveries, lower inventory levels and a 
higher degree of interaction with local clients that enables a better understanding of 
their specific preferences. Furthermore, until a few years ago companies strived to 
engage suppliers from low‐cost countries, but now the current priority is to reduce 
the excessive length, complexity and vulnerability that such globalisation has created 
in supply chains. This need is made even more urgent by the lower cost‐competitive-
ness of some locations as China, Latin America and eastern europe, which are 
reaching parity with manufacturing costs in developed countries, if productivity, 
energy prices and currency conversions are taken into account.

From a marketing and logistics viewpoint local sourcing and production can 
determine remarkable advantages, but the technical feasibility and the economic 
convenience of this choice must be carefully analysed. Indeed, the availability of raw 
materials and production competencies must be considered, especially when spe-
cialty goods have to be obtained. This could threaten the possibility to find local 
good‐enough sourcing solutions. Furthermore, the creation of a higher number of 
production facilities must also be assessed, looking at the availability of local 
resources (raw materials, workforce, supply base etc.) and at the implications for 
plant size. As a matter of fact, especially for capital‐intensive operations, small man-
ufacturing facilities would result in a poor level of production efficiency that would in 
turn negatively affect overall environmental sustainability, as described in Chapter 5.

6.3.2.2 Delivery Planning and Service‐Level Agreements A key lever to improve 
the carbon footprint of physical distribution consists of achieving a higher load factor, 
especially for road transport. In fact, it has been estimated that doubling the level of 
saturation from 50 to 100% of a heavy‐duty vehicle, the fuel consumption of 100 
tonne/km decreases from 2.1 to 1.2 litres (Rizet et al., 2012). Focusing on the carbon 
footprint of road transportation, available data demonstrates that in order to reduce 
the amount of emissions per tonne/km, the most effective strategy consists of using 
bigger vehicles with a high degree of saturation. As seen in Table 6.3, the quantity of 
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CO
2e

 per tonne/km decreases as the Gross Vehicle Weight (GVW) increases. This 
evidence should lead to the selection of bigger vehicles whenever possible.

Furthermore, looking at the data reported in Table 6.4, it can be noted that, within 
the biggest vehicles class (i.e. articulated with GVW > 33 t), the amount of emissions 
per vehicle/km does not increase proportionally with the capacity utilisation, thus 
demonstrating that fully saturated vehicles enjoy a better carbon footprint.

Although these solutions for freight transportation can result in better environ-
mental performance, they have to be coupled with appropriate delivery planning 
strategies and service‐level agreements with the clients.

As a matter of fact, numerous constraints can influence the distribution planning 
process and its performance (McKinnon et al., 2015; McKinnon and Ge, 2006). First 
of all, the customer’s demand variability is a major factor influencing the ability to 
fully load vehicles, since suppliers’ fleets are frequently dimensioned so as to cope 
with the peaks. Moreover, the inherent variability of the demand is artificially boosted 
by commercial initiatives of the clients, as promotions. Also the adoption of logics 
such as just‐in‐time among manufacturers and retailers is determining a lower degree 
of saturation of vehicles, due to the necessity to guarantee to the customer a high 
service level in terms of frequency of delivery. While on the one hand these practices 
result in a lower amount of stock held by the client and in the environmental benefits 
connected to this event (described in Chapter 5), on the other hand they bring about 
a sharp increase in the number of deliveries, with remarkable negative effects on the 
degree of saturation of the vehicles and on the carbon footprint of transportation 
(Arvidsson et al., 2013).

Another phenomenon that affects capacity utilisation refers to the geographical 
imbalance of traffic flows. The amount of freight moved from one region to another 
is seldom equivalent to the amount transported in the opposite direction. This 

table 6.3 co2e per vehicle type

Vehicle type (GVW) kg CO
2e

 per vehicle‐km kg CO
2e

 per tonne‐km

Rigid (>3.5 t–7.5 t) 0.59115 0.58396
Rigid (>7.5 t–17 t) 0.727571 0.35322
Rigid (>17 t) 0.974223 0.19186
Articulated (>3.5 t–33 t) 0.890426 0.16159
Articulated (>33 t) 0.995873 0.08452

Source: Defra, 2013b.

table 6.4 co2e of articulated vehicles with (>33 t) with different levels of capacity 
saturations

Vehicle type (GVW) Capacity utilisation kg CO
2e

 per vehicle‐km

Articulated (>33 t) 0% 0.707793
50% 0.940113

100% 1.172433

Source: Defra, 2013b.
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determines a low saturation of the return trips and, in general, a poor performance of 
backhauling. This problem is made even more critical by the higher priority assigned 
to the outbound deliveries, which leads companies to give up backloading opportu-
nities if these threaten quick availability of vehicles for a new outbound trip. Indeed, 
some slack in the transportation activities is generally created in order to deal with 
the unreliability of the delivery schedules, due to traffic congestion and similar prob-
lems that prevent perfect adherence to plans.

Finally, a low degree of cooperation among supply chain players as well as inad-
equate IT systems negatively influence the possibility to get real‐time information 
about loading opportunities, which could lead to a better operational and environ-
mental performance of the transportation process.

In order to address these problems, several solutions have been suggested. Using 
a centralised perspective and focusing on a single player of the supply chain, several 
algorithms have been developed and embedded into software packages suitable for 
supporting some decision‐making processes peculiar to transportation management 
(Islam and Olsen, 2014). For example, the Vehicle Routing Problem with Backhauls 
(VRPB) aims at reducing empty trips. Similarly, the Vehicle Routing and Scheduling 
Problem (VRSP) attempts to efficiently assign clients to single vehicles and to route 
and schedule their trips. Although the benefits determined by the adoption of these 
types of software are numerous, it has also been contended that they cannot support 
the adoption of some environmentally sound practices that involve the cooperation 
among different players of the supply chain, because they are focused on single‐
company optimisation (Islam and Olsen, 2014).

Using a supply chain perspective, several solutions have been suggested, which are 
based, on the one hand, on the adoption of collaborative practices and, on the other, 
on the implementation of IT systems that boost the real‐time availability of data use-
ful for a more effective planning of the distribution activities (Arvidsson et al., 2013).

Among collaborative practices, they can be distinguished between those that pro-
mote horizontal collaboration and others focused on vertical collaboration (McKinnon 
et  al., 2015). When the former are adopted, cooperation is pursued by competing 
firms (either manufacturers or shippers), which share some of their resources to 
achieve a higher operational and environmental performance of the delivery process. 
Within this typology, a consolidated practice is truck‐sharing, but examples of shared 
logistic facilities have also been reported (Islam and Olsen, 2014). Although these 
solutions might be very beneficial, some obstacles are frequently observed, which 
can be organisational (such as the need of trust between partners) and technical (such 
as regulatory constraints concerning the mix of products that can be jointly trans-
ported by one vehicle).

Vertical collaboration practices concern solutions undertaken by companies that 
operate at different levels of the supply chain. In this regard, several practices have 
been developed that help companies in achieving higher visibility of demand through 
the systematic exchange of data and information among partners. Such practices as 
Continuous Replenishment Programs, Vendor Managed Inventory and Consignment 
Stock, in which the supplier is responsible for stock management on behalf of its 
client, can result in more effective production and delivery planning due to the 
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increased predictability of demand, with remarkable positive effects on the carbon 
footprint of the logistic process.

Another vertical collaboration practice that has been proposed to reduce the 
number of trips is the Nominated Day Delivery System (NDDS). It is based on the 
idea that clients should adhere to a given delivery schedule, choosing (‘nominating’) 
a time window among those proposed by the carrier/supplier and placing their orders 
with some advance so as to enable efficient planning of the distribution activities 
(Hvolby and Trienekens, 2010). This practice results in a higher degree of load 
 saturation; however, it is rarely accepted especially due to the ever‐increasing diffu-
sion of the just‐in‐time approach among manufacturers and retailers. To counter the 
negative attitude toward practices such as NDDS and stimulate a higher acceptance 
of waiting, their environmental soundness should be clearly pointed out by the sup-
plier as a special value‐adding element of the delivery process and better pricing 
conditions should be offered in order to share with the clients part of the economic 
benefit determined by these practices.

Finally, the implementation of updated Information & Communication 
Technologies (ICT) can be a major driver of improvement of the environmental 
performance of the delivery process. Indeed, ICT adoption supports the implementa-
tion of the aforementioned collaborative practices, enabling the real‐time exchange 
of data among supply chain partners. Moreover, as reported previously, inside the 
company software packages, as Transportation Management Systems (TMS) can be 
leveraged to speed up and improve the planning and routing processes of the out-
bound logistics. Finally, updated technologies such as the Global Position System 
(GPS) and web‐based applications can help companies in identifying real‐time load-
ing opportunities to share with supply chain partners.

6.3.2.3 Fleet Management The selection of the most appropriate mode of trans-
port is a critical choice from both an operational and environmental perspective. 
Indeed, road transportation, which is still the most adopted solution (see Figure 6.1), 
is characterised by a remarkable degree of volume and delivery flexibility, since the 
use of small vehicles as VANs can enable the shipment of minimum quantities of 
freight theoretically in any possible destination. However, road transportation can 
suffer from a unsatisfactory degree of dependability compared to other solutions, 
since it is exposed to the risk of traffic congestion that results in a poor delivery 
schedule adherence. In contrast, such modes as rail and sea transportation are more 
suitable for the shipment of bulk freight for long distances and enjoy better delivery 
dependability, although they can be slower compared to trucks (McKinnon et  al., 
2015). However, when the environmental perspective is also considered, it is apparent 
that a wide use of road transportation, which is the current standard, may result in 
remarkably negative effects. Table  6.5 reports the outcomes of a simulation con-
ducted on www.ecotransit.org, in which the transportation of 100 tonnes of freight 
has been tested along a route in the Mediterranean coast, which can be covered alter-
natively by road, rail, air and see transportation.

As can be seen, although the total distance covered is substantially similar (nearly 
700 km), the CO

2e
 produced by road transportation is higher than for any other 
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alternative, except for air. This evidence clearly highlights the necessity to shift 
toward greener modes, as rail and sea transport, through a wider adoption of inter-
modal solutions. In order to make this shift viable, however, some enabling condi-
tions must be met, such as relatively short loading/unloading operations in ports and 
rail stations, which involve relevant investments in up‐to‐date materials handling 
equipment, and the presence of third‐party logistics providers capable of supporting 
such a shift with appropriate solutions. These aspects point out the necessity of a high 
commitment not only for private entities, but also for public ones.

Focusing on the single‐company level, even in case of road transportation some 
remarkable environmental improvements can be achieved when appropriate strat-
egies are pursued. Indeed, on the one hand, effective maintenance programs, as well 
as training initiatives targeted at drivers can result in a higher fuel‐efficiency of tradi-
tional vehicles. On the other hand, companies can consider the use of innovative 
vehicles, which use alternative energy sources. In this case, several options can be 
considered, ranging from biofuels (as biodiesel, bioethanol and biomethane), to 
natural gas (as methane, liquefied petroleum gas – LPG – and compressed natural 
gas  –  CNG), to hydrogen and electric or hybrid vehicles. Although the carbon 
 emissions produced by this type of vehicles are much lower, especially for hydrogen, 
electric and hybrid ones, some operational problems may arise from their adoption. In 
particular, refuelling stations for some types of fuel as LPG are not widely available, 
as well as recharging stations for electric vehicles. Furthermore, vehicle modifica-
tions have to be undertaken when LPG or CNG have to be used. Focusing on electric 
solutions, it must be considered that a main constraint for their use in freight transpor-
tation is that their rather short distance range, coupled with the limited availability of 
recharging stations, makes use of these vehicles hard to implement. Finally, even 
from an environmental viewpoint, this option can be less attractive than it could seem 
just focusing on the carbon emissions produced while running the vehicle. Indeed, if 
a life‐cycle perspective is adopted, energy generation to recharge the batteries may 
dramatically affect the environment unless renewable sources are used (McKinnon 
et al., 2015).

6.3.2.4 Carbon Offsets These actions that companies can undertake to improve 
their carbon footprint cannot result in the total elimination of the CO

2
 emissions. 

Thus, firms can compensate for them through the financial support of initiatives 
that are beneficial for the environment, as production of renewable energies, refor-
estation programs, biodiversity protection or resource conservation initiatives. 
Since these projects must be characterised by high standard levels and in most cases 

table 6.5 co2e and particulate matter with different modes of transport: 
an example

Road Rail Air Sea

co2e (t) 5.158 1.080 124.992 0.497
distance (km) 700.72 708.56 705.65 691.38
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require specific competencies, they are carried out by specialised players, whose 
activity is validated and verified by independent third parties that certify the emis-
sions reduction achieved through the projects. This is particularly relevant when 
companies purchase offset credits to comply with caps defined by national and 
international entities. For instance, the eU emissions Trading System (eU eTS) has 
been created by the european Union in order to enforce an on‐going process of 
GHG reduction for the most high‐emitting industries (e.g. power plants, commercial 
airlines, energy‐intensive industry sectors such as oil refineries, steel works and 
production of iron, aluminium, metals, cement, lime, glass, ceramics, pulp, paper, 
cardboard, acids and bulk organic chemicals), in accordance with the Kyoto 
Protocol. While taking part in the eU eTS is mandatory for the previously men-
tioned industries, companies engaged in other sectors can participate to this market 
on a voluntary basis. This system covers nearly 45% of the emissions generated by 
the twenty‐eight eU Countries, for which remarkable improvement targets have 
been set, that is, –20% emissions by 2020 and –80/95% by 2050 compared to 1990 
levels. The reduction of the total emissions is achieved through the creation of a 
‘cap‐and‐trade’ mechanism, according to which companies can comply with the 
predefined limits set by the european Union through the most cost‐efficient way, 
offsetting their emissions if necessary. eU eTS is currently the biggest market for 
the credits generated by emission‐saving projects and accounts for nearly 75% of 
international carbon trading.

The rationale of carbon offsetting builds on the idea of buying carbon credits 
measured in metric tonnes of CO

2e
. each carbon credit is identified through a 

unique identification number, and once it is bought by a company, it is retired 
through third‐party registries. This enables companies to claim that they have off 
set a given amount of their emissions, while no other organisation can buy the same 
credit. However, it must be considered that the amount of offset emissions are not 
comparable to a reduction of the GHG. Thus in the carbon footprinting process 
companies must, on the one hand, report the emissions generated and, on the other 
hand, give evidence of the amount that was compensated through the purchase of 
offset credits.

6.4 warehouSe management and SuStainability

The design and management of logistics infrastructures, especially warehouses and 
distribution centres, is an area of major concern, not only for its impact on the eco-
nomics of the company and on the service level provided to the customer, but also for 
its effects on the environmental and social sustainability of the firm.

Breaking down the total logistics cost at the macroeconomic level, the percentage 
due to storage/warehousing reaches values of 23% in the United States and 32% in 
european Countries, thus demonstrating the economic relevance of these facilities, 
which are the second‐most‐important driver of the total logistics costs after trans-
portation (Rushton et al., 2014). From an operational viewpoint, there is clear evi-
dence that design and management choices concerning warehousing infrastructures 
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(briefly reported in Table 6.6) result in remarkable effects on the performance attrib-
utes typical of such facilities, namely (Frazelle, 2002):

 • Productivity, which measures the level of asset utilisation.
 • Quality, thought of as the level of accuracy in order picking and shipping.
 • Cycle time, which refers to the responsiveness of warehousing processes.

In fact, it has been observed that an improper balance between the total amount of 
items stocked and the capacity of the warehouse can reduce the responsiveness of the 
picking activities, due to the higher difficulty in finding products in the stocking loca-
tions (Denis et al., 2006), and that the use of modern technologies in picking (as voice 
picking) can sharply reduce the errors in order preparation (Berger and Ludwig, 
2007). Thus, when designing and managing warehouses it is necessary to clearly iden-
tify the service level that the company wishes to guarantee to its customers and the 
degree of productivity considered consistent with the economic targets of the company.

However, it is becoming more and more evident that the design and management 
of warehouses must also build on the analysis of the social and environmental effects 
produced by these facilities. As far as social sustainability is concerned, the same 
studies that discuss the role of appropriate design and management choices on 

table 6.6 warehouse design and management choices

Main Design Decisions

warehouse design Overall structure Materials flow
Location of departments

Size and stocking 
capacity

Size of the warehouse and of its 
departments

Layout Aisles orientation
Number, length and width of aisles
Doors location

equipment Level of automation
Storage equipment selection
Material handling equipment selection

Operations 
strategy

Storage strategy selection
Order picking method selection

warehouse 
management

Receiving and 
shipping

Truck‐dock assignment
Order‐truck assignment
Truck dispatch schedule

Storage Assignment of SKUs to different 
departments/zones

Assignment of pickers to zones
Specification of storage classes

Order Picking Batching
Order‐batch assignment
Picking routing and sequencing

Source: Gu 2007. Reproduced with permission of elsevier.
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warehouse performance also frequently highlight the positive outcomes on 
employees’ safety (Berger and Ludwig, 2007; Denis et al., 2006). As a matter of fact, 
the adoption of appropriate equipment for storage and materials handling, or the 
implementation of IT systems that support picking routing and sequencing, can 
translate into better safety conditions for the workforce, since they can reduce the 
unnecessary motion of the employees.

However, the major effect of warehouse design and management on sustainability 
comes from the environmental dimension, especially when a significant effort in terms 
of temperature control is required, due to the features of the products stored and/or the 
climatic conditions of the location of the facility (emmett and Sood, 2010). In this 
regard, the design principles of Green Buildings and the criteria specific to LeeD 
certification (Leadership in energy and environmental Design) should also be imple-
mented for logistic purposes, in order to achieve a wider use of renewable energy and 
higher energy efficiency, through the adoption of technical solutions that increase the 
saturation of storage space and that reduce the amount of movements of the products 
inside the warehouse. While the use of renewable energy is facilitated by the availability 
of large roofs, where solar panels can be installed, an energy‐efficient design of the 
buildings and its internal processes require a deeper understanding of the main drivers 
of energy consumption. In this regard, the main areas of energy use, which may require 
redesign or re‐organisation, are (McKinnon et al., 2015; emmett and Sood, 2010):

 • Temperature control.
 • Lighting.
 • Mechanical handling equipment.

Factors that influence the energy consumption for temperature control are 
numerous, such as the external climatic conditions, the insulating power of the mate-
rials used for the construction of the building, its solar orientation and its size. It has 
been estimated that 1°C reduction in the warehouse temperature results in a saving 
of 10% of energy use (McKinnon et al., 2015). Thus, an appropriate design of such 
buildings is essential for a higher degree of environmental sustainability. In this 
regard, the most effective structural solutions are the following (McKinnon et al., 
2015; Aynsley, 2011; Meller and Gue, 2009; Carbon Trust, 2002):

 • Increasing the size of the warehouse; larger warehouses are more energy effi-
cient because this solution reduces the heat loss through the external walls.

 • Adopting innovative layouts, such as a U‐shape or a fish‐bone shape. The most 
frequent type of warehouse is rectangular, with a linear layout characterised by 
straight and parallel aisles, whose design is primarily aimed at streamlining the 
materials flow and speeding up order picking activities. However, in this type 
of layout, doors are generally located in opposite sides of the building, thus 
facilitating draughts and subsequent heat loss.

 • Segregating departments of the warehouse with different temperature require-
ments and, in particular, the receiving and shipping areas where the presence of 
docks and doors result in draughts and heat loss.
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As far as warehouse lighting is concerned, a strategy aimed at reducing energy use 
must build, on the one hand, on the correct identification of the ‘lux’ level (amount 
of light) required for the activity to be carried out and, on the other hand, on the 
adoption of appropriate technical and structural solutions. With regard to the first 
aspect, the Carbon Trust (2002) reports reference values classified on the basis of the 
width and height of the aisles. This is particularly relevant for aligning the artificial 
lighting scheme and light intensity with the achievement of appropriate working con-
ditions, necessary for preventing errors and injuries and for boosting workforce pro-
ductivity. The second aspect, which refers to the adoption of appropriate technical 
and structural solutions, involves careful design of the warehouse, so as to fully 
exploit the daylight potential, as well as the implementation of energy‐efficient 
lighting devices. The usage of daylight depends on several factors, including the size 
and the positioning of the warehouse, the width of the aisles, the number of daylight 
hours and the weather conditions of the place in which the warehouse is located. 
Depending on these conditions, the building can be designed so that windows are put 
in the proper places, thus reducing the amount of artificial light necessary for ware-
house operations. Finally, the choice of updated lighting and lamps (such as light‐
emitting diodes – LeD), the adoption of motion sensors and automated control gears 
to switch lights on and off and the implementation of effective maintenance pro-
grammes (e.g. for the cleaning and the replacement of lamps) may translate into 
double‐digit energy reduction rates.

Mechanical handling equipment is the third most relevant source of energy con-
sumption. This concept includes both equipment driven by humans (such as forklift 
trucks) and fully automated equipment. Focusing on the first type, the main area of 
concern, from an environmental viewpoint, refers to the choice of the power unit and 
the type of fuel (McKinnon et  al., 2015; Amjed and Harrison, 2013). The most 
common options are the use of an internal combustion engine – which can use either 
diesel, liquefied petroleum gas (LPG) or compressed natural gas (CNG) – or lead‐
acid electric or nickel‐metal hydride batteries. In this regard, empirical evidence 
about the environmental friendliness of these alternatives is controversial. In fact, if 
the carbon footprint of the various alternatives is calculated using the entire life‐cycle 
of the energy source as system boundaries (i.e. generation, operation and disposal), 
interestingly an internal combustion engine using LPG shows the lowest amount of 
emissions (McKinnon et al., 2015). However, it must be considered that technolog-
ical innovation in this area has recently led to the development of new types of envi-
ronmentally friendly fuels and engines, such as those operating with biodiesel or 
hybrid solutions. The adoption of these innovations can result in remarkable improve-
ments in terms of emissions reduction. Nevertheless, this can only be fully achieved 
when an appropriate maintenance programme for the vehicles is implemented. As a 
matter of fact, it has been demonstrated that poor operating conditions, such as 
under‐inflated tyres and misalignments, can result in a remarkable increase in energy 
or fuel consumption.

Fully automated pieces of equipment, such as A‐frames, carousels, conveyors, 
sorters and automated storage and retrieval systems (AS/RS) (Baker, 2006), are 
 generally adopted when labour costs are high, when warehousing processes are 
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characterised by a significant degree of complexity due to the volumes and the variety 
of the products stored, or when these processes require remarkable speed and accu-
racy. In the presence of these pieces of equipment, energy efficiency is mainly 
achieved through effective planning of their use, which in turn requires the imple-
mentation of best practices rooted in the field of Supply Chain Management. Indeed, 
a higher degree of cooperation between the upstream and downstream partners along 
the pipeline can result, among other things, in more accurate forecasting, quicker and 
more dependable suppliers’ lead times and better production and delivery schedule 
compliance. All of these improvements can lead to a reduction in the inventory level 
of the warehouse, which is a condition for improving storage and retrieval activities, 
and for more effective receiving and shipping processes, thus positively affecting the 
energy consumption of automated equipment (emmett and Sood, 2010).

6.5 SuStainable packaging

The role played by packaging is twofold. On the one hand, it protects the product 
from deterioration and damage, especially during its transportation and movement 
within logistic facilities, enabling it to be stored safely and efficiently. In this regard, 
all types of packaging (primary, secondary and tertiary) are necessary to fulfil this 
task. On the other hand, it contains relevant information for the customer and is fre-
quently used as a way to convey a distinctive product image, making it more attrac-
tive in the eyes of the customer (emmett and Sood, 2010).

However, regardless of the material it is made of, packaging is a major source of 
risk for the environment and is frequently considered as one of the most relevant areas 
of improvement for achieving a green supply chain. In fact, along its life‐cycle it 
involves the use of materials – paper, board, glass, plastic, metal and other production 
inputs (whose environmental effects have been described in Chapter 5) – and requires 
transportation in order to be delivered to the premises of the customer. Furthermore, 
during its use it can negatively affect the carbon footprint of the product if its shape 
and size determine a low value density, thus leading to a subsequent decrease in 
freight transportation efficiency. Finally, packaging is often land‐filled, causing envi-
ronmental degradation when it is made with non‐biodegradable materials. Therefore, 
if a life‐cycle approach is used to assess environmental impact, the packaging of a 
product frequently has a greater effect on the environment than the product itself, as 
often is the case in the food industry (Verghese et al., 2010; Lee and Xu, 2005).

These reasons are causing customers to increasingly take the features of a prod-
uct’s packaging into consideration, which is resulting in strong pressure on com-
panies to take appropriate action. In this regard, the following levers seem to be the 
most promising for achieving ‘green packaging’ (emmett and Sood, 2010):

 • Reduce: this option aims at reducing the volume and the weight of packaging, 
as well as the amount of materials that it is made of. This lever, which builds 
on the Design for environment approach (see Chapter 3), can have remarkable 
positive effects, because it can result, among other things, in a more 
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favourable value density of the product. In this regard, several experiences 
have been reported in the fast‐moving consumer goods industry (Lee and Xu, 
2005). However, it must be considered that this solution can also involve some 
relevant changes in the appearance and size of the packaging, thus threatening 
its ability to attract customers’ attention. Therefore, improvement initiatives 
based on the ‘reduce’ principle must be backed by marketing research on 
 customers’ preferences as far as packaging functions are concerned (Svanes 
et al., 2010).

 • Reuse: this is based on the full responsibility of the producer for taking back 
the packaging of the delivered product, establishing a closed‐loop supply chain. 
This is frequent in business‐to‐business relationships, in particular when 
industrial equipment is delivered, and can be observed also in the delivery of 
products, such as furniture and white goods, to the premises of the final 
consumer. The way in which companies use this lever is influenced by the 
take‐back legislation concerning packaging. In europe, it is based on eU 
Directive 94/62/eC of 20 December 1994 on Packaging and Packaging Waste 
(eventually amended to update areas of applications and objectives), which 
provides measures aimed at limiting the production of packaging waste and 
promoting recycling, re‐use and other forms of waste recovery. Although the 
scope of this directive is broader, it specifically mentions the re‐use of pack-
aging as an objective that eU Countries must pursue. While the re‐use of pri-
mary packaging can pose a higher degree of difficulty, in particular in relation 
to the requirement to guarantee compliance with appropriate hygienic condi-
tions, secondary and tertiary packaging is an area that represents great potential 
for improvement. Indeed, companies that switch to reusable packaging (e.g. 
pallets, hand‐held containers, bulk containers and other transport packaging 
items, generally made of plastic, wood, steel or other durable material and 
specifically designed for multiple trips and extended life) experience a number 
of advantages. On the one hand, it can reduce waste management costs, since 
the amount of packaging materials that is disposed of or that ends up in land-
fills is sharply reduced. On the other hand, a higher product protection is 
achieved, as well as better ergonomics and improved worker safety, due to the 
redesign of such packaging items, which is often carried out in order to enable 
the use of new and durable materials.

 • Recycle: this involves the collection of packaging waste and its physical and 
chemical treatment, aimed at recovering the materials it is made of or pro-
ducing energy through its incineration. Legislation also plays a major role in 
this regard, in setting specific targets concerning the reduction of the content of 
hazardous substances and materials in the packaging and its components, the 
amount of packaging waste that must be recycled or incinerated, and the use of 
marking and identification systems, which must clearly indicate the nature of 
the materials used in order to facilitate their identification and classification. 
Recycling is often preferred to the re‐use option. However, it is still controver-
sial whether this choice is preferable from an economic and environmental 
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viewpoint, given the fact that the cost of collecting, cleaning and treating mixed 
and contaminated packaging can be high.

 • Reform: this builds on the idea of finding alternative materials or solutions that 
can perform the same functions as traditional packaging, but with a lower pol-
luting potential. Compostable or biodegradable packaging is now obtained 
using agricultural polymers that come from corn, sugar beets or other natural 
sources. The benefits of such innovations lie in the fact that biodegradable 
materials, once land‐filled, break down into natural elements in a period gener-
ally shorter than one year after disposal. Corrugated cardboard, corn starch 
items, bubble wrap and even some types of plastic are examples of this. 
Compostable materials go one step forward by providing land with nutrients at 
the end of their biodegradation process. However, these materials are generally 
difficult to mould and have poorer physico‐chemical properties compared to 
synthetic polymers such as PeT and PVC (Peelman et al., 2013).
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7
ReveRse Logistics ManageMent 
and cLosed-Loop suppLy chain

7.1 intRoduction

‘Renault’s plant in Choisy‐le‐Roy, near Paris, remanufactures automotive engines, 
transmissions, injection pumps, and other components for resale. The plant’s 
remanufacturing operations use 80% less energy and almost 90% less water (as 
well as generate about 70% less oil and detergent waste) than comparable new 
production does. And the plant delivers higher operations margins than Renault 
as a whole can boast.

More broadly, the company redesigns certain components to make them 
easier to disassemble and use again. It also targets components for closed‐loop 
reuse, essentially converting materials and components from worn‐out vehicles 
into inputs for new ones. To support these efforts, Renault formed joint ven-
tures with steel recyclers and a waste‐management company to bring end‐of‐use 
expertise into product design. Together, these moves help Renault to save money 
by maintaining tighter control of its raw materials throughout its vehicles’ life 
cycles – or use cycles. Renault also works with suppliers to identify ‘circular 
benefits’ that distribute value across its supply chain. For examples, the company 
helped its provider of cutting fluids (a coolant and lubricant used in machining) 
to shift from a sales‐ to performance‐based model. By changing the relation-
ship nature and terms, Renault motivated suppliers to redesign the fluid and 
surrounding processes for greater efficiency. The result was a 90% reduction in 
the volume of waste discharge. This new arrangement benefits both companies: 
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the supplier is moving up the value chain so that it can be more profitable, while 
Renault’s total cost of ownership for cutting fluids fell by about 20%’ (Nguyen 
et al., 2014).

Once upon a time, fossil fuels were cheap, and raw materials were abundant. In 
those days of the ‘linear economy’, raw materials were extracted to make prod-
ucts, which were used and then simply thrown away. Today, Renault is helping 
change all that by moving towards the ‘circular economy’. Indeed, Renault is 
turning its circular economy approach into a competitive advantage.

Basically, the circular economy is the ultimate recycling programme, where 
ideally nothing goes to waste. For the new wave of economists and business ana-
lysts, it’s a new growth model that allows two previously incompatible factors to 
coexist: the stakes of economic growth and environmental challenges. It’s about 
dealing with issues such as dwindling raw materials and volatile price fluctua-
tions, without making the wrong compromises.

In the circular economy, we think of waste products as a resource. We dis-
mantle old unusable vehicles, to transform parts and materials so they can be 
used again (and again) to make new products.

Nothing goes to waste in a natural cycle. Everything is reused, composted or 
digested. Likewise, a manufactured product like a car can be made at a minimum 
cost in energy terms by integrating the car itself into the ongoing production pro-
cess. Instead of planning for disposal at the end of the product’s life, we plan to 
reuse, repair or re‐manufacture. The last generation and next generation of cars 
become part of the same circular production process.

Renault is going further than ever before to reduce its environmental impact. 
Beyond drastically cutting the carbon footprint of each vehicle produced, Renault 
is looking at the whole life of the vehicle. Already, you can drive a Renault Espace 
that is 90% recyclable. In fact if you consider any vehicle in the Renault lineup 
today, you will find it is made from 30% recycled materials, a figure set to rise to 
33% by the end of 2016.

Yet the circular economy requires us to go even further. So Renault is leading 
the way, for example, in repairing and reusing products. Ellen MacArthur saw this 
in action herself at Renault factory in Choisy‐le‐Roi, France. Here, parts from old 
cars are removed and made useful again. As Ellen MacArthur writes: ‘When a re‐
manufactured gearbox leaves Choisy, it contains an average of 75% pre‐used but 
tested parts. When an engine leaves Choisy, it contains 38% pre‐used tested parts.’

In a similar vein, Renault is investing in car recycling with its subsidiary 
INDRA, which dismantles ‘end‐of‐life vehicles’, using them as a resource for 
spare parts, and the further recycling of components and materials.

Sources: Nguyen et al., 2014, pp. 48–50; Group Renault web site, http://group.
renault.com/en/news/blog‐renault/circular‐economy‐recycle‐renault/, viewed 24 
August 2015.
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The example in the introduction summarises the approach developed at one of the 
factories of the Renault Group oriented toward all possible recovery options – reuse, 
remanufacturing and recycling – that enable sustainability and profitability goals to be 
pursued. In this Chapter, we will describe how to develop systems that extract value 
from end‐of‐life products and how to effectively reintroduce them into the market, 
according to Circular Economy logics. In the first part of the Chapter, distinctions are 
made between the concepts of reverse flows, reverse logistics and reverse supply chain, 
drawing from specialist scientific literature on the subject. Subsequently, several exam-
ples are given of how different methods are used to design appropriate Closed‐Loop 
Supply Chain systems in order to integrate forward and backward flows and to manage 
Sustainable Supply Chains. In the second part of the Chapter, the characteristics and 
management methods of these systems are studied in more depth, from the perspective, 
defined in literature, of the Why, Who, What and How. Finally, the Chapter closes by 
analysing the hierarchy of possible recovery options in terms of the generation of value, 
illustrating their main characteristics and highlighting the best methods to efficiently 
manage the time‐value depreciation and the obsolescence of the observed products.

7.2 ReveRse fLows and sustainabiLity

It has already been highlighted several times that Sustainability can be defined as the 
set of practices and behaviour that make it possible for the needs of the present to be 
met without compromising the ability of future generations to meet theirs. 
Furthermore, as it has been seen, the management of a company’s logistics flows can 
be observed in its upstream flows, responsible for providing the input resources, and 
its downstream flows, responsible for distributing the output products (Sanders, 
2012). From a sustainability point of view, as far as the first component is concerned, 
the selection and use of scarce resources and the management of socially correct 
relations with the providers of global sourcing politics are the main concerns. With 
regard to downstream flows on the other hand, the subjects of pollution risks and 
transportation policies and their connected environmental impact are more important.

As already stated, the design and running of management systems oriented at 
sustainability correspond with four sets of objectives (De brito and Dekker, 2010): 
compliance with regulatory and legislative obligations; the choice to comply with 
voluntary certifications and regulations; ethical and values‐based incentives linked to 
respect for the environment and attention to the creation of social capital; and last, 
but not least, the possibility of increasing the company’s competitive potential by 
reducing costs, waste and environmental impact, on the one hand, and improving its 
sales, margins and reputation, on the other hand.

In Chapter  2 we defined Supply Chain Management (Cooper et  al., 1997; 
Christopher, 1998; Mentzer et  al., 2001; Mentzer, 2004; Lambert et  al., 2006; 
Sanders, 2012). According to these definitions, the flow of materials, semi‐finished 
goods and finished products – operating typically as a one‐way flow – goes from 
up‐ to downstream, starting from the source of supply and going through a series 
of  transformation, transportation and storage operations until it reaches the point 
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nearest the consumer. The subject we are examining in this Chapter, on the other 
hand, refers to the design and management of a reverse flow that, although moving 
in an opposite direction from the point of view of development – that is, from down‐ 
to upstream – pursues the same goals of creating value, as well as, from our perspec-
tive, reducing environmental and social impact.

In the same way that some authors make a distinction between Logistics 
Management and Supply Chain Management, where –  as highlighted before (see 
Chapter 2) – the former is a subset of the latter (Cooper et al., 1997), in the literature 
there are also different interpretations of the elements that distinguish Reverse 
Logistics Management, Reverse Supply Chain Management, Closed‐Loop Supply 
Chain Management and even Green Supply Chain Management. Some share similar 
approaches, others highlight their differentiating elements (De brito and Dekker, 
2010; Dekker et al., 2010; Srivastava, 2007; Prahinski and Kocabasoglu, 2006; Guide 
and van Wassenhove, 2002; Rogers et al., 2002; Tibben‐Lembke, 2002; Rogers and 
Tibben‐Lembke, 2001; Vachon et al., 2001; Dekker et al., 1998; Stock, 1998; Pohlen 
and Farris, 1992). As stated, ‘The terms reverse logistics, green logistics, reverse 
supply chain, and closed‐loop supply chains are often used interchangeably to deal 
with the reverse flows and products’ (Skjott‐Larsen et al., 2007, p. 292).

It is not the intention of this Chapter to go into the details of this debate, but it is 
worth stating some of the most well‐known definitions in the literature, so that the 
considerations that follow are placed correctly.

Several common traits can be identified from among the many definitions coined 
by specialist literature, some of which are stated next. Reverse Logistics Management 
is, in fact, defined as:

 • … a broad term referring to the logistics management and disposing of haz-
ardous or non‐hazardous waste from packaging and products. It includes 
reverse distribution … which causes goods and information to flow in the 
opposite direction of normal logistics activities (Kopicki et al., 1993, p. 323).

 • The process whereby companies can become more environmentally efficient 
through recycling, reusing, and reducing the amount of materials used (Carter 
and Ellram, 1998, p. 85).

 • The process of planning, implementing and controlling the efficient, cost effec-
tive flows of raw materials, in‐process inventory, finished goods and related 
information from the point of consumption to the point of origin for the purpose 
of recapturing or creating value or proper disposal (Rogers and Tibben‐
Lembke, 1999, p. 2).

 • … all activity associated with a product/service after the point of sale, the ulti-
mate goal to optimise or make more efficient aftermarket activity, thus saving 
money and environmental resources (Reverse Logistics Association, 2002).

Other Authors define Reverse Supply Chain Management as:

 • It’s the series of activities required to retrieve a used product from a customer 
and either dispose of it or reuse it (Guide and van Wassenhove, 2002, p. 25);
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 • The effective and efficient management of the series of activities required to 
retrieve a product from a customer and either dispose it or recover value 
(Prahinski and Kocabasoglu, 2006, p. 519).

As reflected in these definitions, there are several distinguishing elements that, irre-
spective of the defining distinction between Reverse Logistics and Reverse Supply 
Chain, can be summarised as follows:

 • The physical flow moves from customer to vendor, in an opposite direction to 
the traditional physical flow and involves a series of specialised players, 
responsible for the management of the different phases that move from the 
downstream to the upstream markets.

 • The fundamental objective lies in the recapture, and if possible creation, of 
differential value from the management of this reverse flow, either through 
reprocessing operations, or through the disposal of direct and indirect materials.

 • The process must be managed along the entire supply chain while attempting 
to optimise overall costs efficiently and must also take its external effects into 
consideration.

 • The possibility of creating value by exercising the most appropriate recovery 
options is linked to the most complex choices of Supply Chain Management, 
namely product design and the underlying purchase, production and distribu-
tion processes, one of which we have defined as Reverse Logistics.

7.3 ReveRse Logistics and cLosed‐Loop suppLy chain: 
not onLy a seMantic diffeRence

In order to have a better understanding of the distinction in the concepts a discussion 
will follow, which is not only semantic; it is worth recalling the definition proposed 
by some authors which, although using the term ‘Reverse Logistics’, clearly makes a 
distinction between the operating environments associated with a more stringent or 
broader vision of the subject. Stock argued that 

the term often used to refer to the role of logistics in recycling, waste disposal, and 
management of hazardous materials; a broader perspective includes all issues relating 
to logistics activities to be carried out in source reduction, recycling, substitution, reuse 
of materials and disposal (1992, p. 20). 

Kopicki et al. asserted that 

Viewed narrowly, it can be thought of as the reverse distribution among channel mem-
bers. A more holistic view of reverse logistics includes the reduction of materials in the 
forward system in such a way that fewer materials flow back, reuse of materials is 
possible and recycling is facilitated (1993, p. 323).

The distinction between a narrower and a broader meaning is therefore linked to the 
perspective adopted in the analysis. In fact, the concept is clearly highlighted by 
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Srivastava: ‘Similar to the concept of supply‐chain management, the boundary of green 
supply chain management is dependent on the goal of the investigator’ (2007, p. 54).

With the aim of including the previously mentioned elements and integrating both 
forward and backward flows, a new concept has been developed in many supply 
chains and in many sectors: the Closed‐Loop Supply Chain. For our purposes, the 
distinction between Reverse Logistics Management (or Reverse Supply Chain 
Management) and Closed Loop Supply Chain Management refers to the strategic 
design intentions that lead to the design of reverse flows and the last targeting of the 
designed supply chain architecture.

In our perspective, it therefore would be consistent, as was the case with the defi-
nition and meaning of Supply Chain Management, to adopt the concept of Closed 
Loop Supply Chain Management as a representation of the set of choices that enable 
the complete flow of materials and products to be managed in line with sustainability 
goals. On the other hand, the term ‘Reverse Logistics’ will be identified as its sub‐
process, dedicated to the phases of product transportation to facilities for inspection, 
sorting and disposition (Guide and van Wassenhove, 2002).

Regarding the strategic design intentions that lead to the implementation of reverse 
flows, in line with the distinctions made before, we will define Reverse Logistics as the 
process that regulates the backward flow closely linked to the management choices 
regarding transportation, storage and operations in the strict sense, which are aimed at 
the exercising of recovery options, regardless of whether the product or forward logis-
tics have been created, designed and managed for these purposes. On the other hand, 
we will define Closed‐Loop Supply Chain as the process that deliberately pursues 
value‐creation goals, starting from corporate strategic choices and the design of prod-
ucts, services and the associated processes, which incorporate this goal from the begin-
ning1. From our perspective, the distinction between Reverse Logistics and Closed 
Loop Supply Chain Management leads one to believe that the former plays an instru-
mental and ancillary role in the pursuit of the objectives of the latter. The integration of 
the Closed Loop Supply Chain Management flows pursues the complex goals of cre-
ating value, while also exploiting Reverse Logistics choices. In this sense, Closed 
Loop Supply Chain Management concerns ‘The design, control and operations of a 
system to maximise value creation over the entire life cycle of a product with dynamic 
recovery of value from different types and volumes of returns over time’ (Guide and 
van Wassenhove, 2009, p. 10). However, reverse flows can be designed to manage 
product returns not necessarily linked to the subject of sustainability, but also to other 
possible objectives, as will be seen later. ‘Product returns may occur for a variety of 
reasons over the product life cycle’ (Guide and van Wassenhove, 2009, p. 11).

In reference to the topic being dealt with in this book – sustainability – the manage-
rial requirement to manage supply chain flows according to sustainability principles 

1In this regard, even if restricted to the environmental perspective, the interpretation given of Green Supply 
Chain Management ‘defined as the integrating [of] environmental thinking into supply-chain management, 
including product design, material sourcing and selection, manufacturing processes, delivery of the final 
product to the consumers as well as end-of-life management of the product after its useful life’ appears to 
be consistent (Srivastava, 2007, pp. 54–55).
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appropriately is substantiated in the progressive integration of both forward and 
backward flows. The Closed Loop Supply Chain ‘indicates a supply chain where there 
is a combination of forward and reverse flows, such that these two types of flows may 
impact each other, and may thus require some level of coordination’ (Souza, 2012, p. 5).

As already mentioned, the need to manage these flows can be the result of the 
imposition, on the part of regulators, of a choice motivated by the possibility of gen-
erating profits along the supply chain or a values‐based decision imposed by respect 
for the environment and social awareness.

7.4 cLosed‐Loop suppLy chain ManageMent: integRating 
foRwaRd and backwaRd fLows

Although they are used at times by different players, the two flows – forward logis-
tics and backward logistics – included in Closed-Loop Supply Chain choices form 
part of a single loop, as illustrated in Figure 7.1. A factor that distinguishes the fea-
tures of the two flows is the fact that whereas forward logistics is generally a one‐to‐
many flow, since a greater number of delivery points are nourished from one or a few 
nodes, reverse logistics can be compared to a many‐to‐one flow, since it is based on 
a collection from several withdrawal points in order to concentrate products and 
materials in one or a few points dedicated to the subsequent sorting and treatment 
processes.

As a result of these definitions, attention is once again drawn to the integrated 
management of the two opposite flows: forward flow and backward flow (Tibben‐
Lembke and Rogers, 2002).

Source

Recycle Remanufacture Re-use

CollectionTestRe-distribution

Disposal

Reverse logistics

Forward logistics

Parts
manufacture

MarketProducts
manufacture

figuRe  7.1 Forward and reverse logistics systems to exploit recovery options. Source:  
Rahman 2012. Reproduced with permission of John Wiley & Sons.
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Although comparable in logistical terms, in terms of uncertainty and complexity, 
there are fundamental differences between the management of the forward flow, 
which makes the product available to the consumer, and the management of the 
reverse flow, which aims to recover the residual value of the product at the end of its 
life cycle. Indeed, reverse flows are characterised by (Grant et al., 2013, p. 19):

 • Uncertainty on qualitative, quantitative characteristics and timing of the reverse 
flows. In fact reverse flows show higher levels of uncertainty than forward 
flows with reference to:

 ⚬ Quality and conditions of the product.
 ⚬ Quantity, resulting in a lower forecast reliability.
 ⚬ Timing of the backward flows, strongly influenced by the final consumer, as 
a starting point of the process.

 • Uncertainty on consumer behaviour regarding the willingness of the final 
consumer to:

 ⚬ Return rather than waste the product.
 ⚬ buy recovered/remanufactured products rather than new ones.
 ⚬ Value and pay a price for a recovered or remanufactured product.

 • Complexity concerning the features of the product and of the facilities in charge 
of its treatment, with reference to:

 ⚬ The number, location and accessibility of collection points.
 ⚬ The conditions of the product and the related information linked to the will-
ingness of the consumer to cooperate in the recovery process.

 ⚬ The cost‐effectiveness of the recovery process, highly influenced by the 
inspection and sorting stages, which are in general labour intensive.

With regard to these elements of complexity and uncertainty, the possibility of 
designing and managing suitable sustainable supply chains seems to be increasingly 
rewarding and is connected to a series of variables described in the following 
paragraph.

7.5 sustainabLe suppLy chains: why, who, what and how?

In order to fully understand the relevance and scope of the subjects related to Reverse 
Logistics, it is worth introducing different investigation perspectives that can be 
summed up in the fundamental questions – Why, Who, What and How? – described 
by De brito and Dekker (2010).

 • Why refers to two different perspectives: the driving forces – defined as Why – 
drivers  –  underlying the choices of the parties that implement reverse flow 
processes (receivers) and the return reasons  –  defined as Why‐reasons  – 
connected to the reasons that motivate different players to act as senders.
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 • Who refers to the players involved in the different activities that can make up a 
reverse flow chain and their role in the process that ranges from the collection 
of the products, materials and components to be recovered to their selection and 
directing towards the appropriate exploitation methods.

 • What has to do with the features of the products, materials and packaging 
involved in the return operations, manufactured either in order to reach cost‐
effectiveness objectives or to comply with legal obligations or, as it has been 
stated several times, to meet ethical aspirations.

 • How mainly concerns the methods that make it possible to extract value from 
the aforesaid processes, which will be analysed below in terms of recovery 
options.

7.5.1 why? drivers and Reasons in sustainable supply chains

As far as the first question – Why?– is concerned, and in particular from the perspec-
tive of Why‐drivers, it has already been highlighted several times that the driving 
forces that lead to the implementation of these processes refer to:

 • The possibility of achieving economic, strategic, reputational and relational 
advantages.

 • Legal obligations and compliance with voluntary certifications.
 • Ethical choices inspired by socially‐responsible behaviour.

These aspects have already been analysed in Chapter 1. With regard to the Why‐
reasons on the other hand, namely the reasons underlying the need to manage a 
reverse flow appropriately, it is necessary to make a distinction between those 
prompted by business demands or competitiveness in a more general sense and those 
more closely linked to the subjects dealt with in this book. Sometimes these are 
generically called return flows and can be summarised in the following five points 
(Dale et al., 2002):

1. Consumer return. This generally has to do with the broader category of returns, 
due to defects discovered by customers, requests for replacement under 
warranty, repairs and end‐of‐use or end‐of‐life returns and so on. The arrival of 
e‐commerce has significantly increased this type of returns in business to con-
sumers (b2C) environments, due to the clauses in force regarding rights to 
return goods in almost all countries.

2. Marketing or distribution return. In this case the returns are imposed by the 
Marketing and Sales Departments of a company for various reasons, such 
as the reallocation of the product between different nodes along the distri-
bution network through compensatory measures, to need to meet 
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slowdowns in demand or to withdraw products at the end of season or, in 
the case of obsolescence, to ‘clean the channel’ (end‐of‐life returns), 
withdrawing articles being phased out, in correspondence with the launch 
of substitute products.

3. Asset return. This is the case of companies in which an asset is recaptured and 
repositioned in order to reuse it in a different way (end‐of‐use returns). This 
return, typical of business to business (b2b) environments and hardware‐
leasing businesses, may refer to industrial equipment, quarry machinery, reus-
able containers, racks that are collected to be fed back and re‐entered into the 
distribution cycle, as in the case for products like CDs, DVDs, food and bev-
erage and over‐the‐counter products and so on.

4. Product or manufacturing recall. This decision is made in special circum-
stances, such as, for example, safety issues for the user or the case of serious 
quality problems (warranty returns), or due to restrictions connected to the use 
of materials or components imposed by regulatory bodies. Recalls may refer 
not only to products, but also to materials and components that have mani-
fested quality problems that need reworking, or the need to re‐enter sub‐prod-
ucts or surplus materials and so on into the production cycle. If these 
phenomena arise during the production phases, they are also called manufac-
turing returns (De brito and Dekker, 2010).

5. Environmental return. This last type refers to returns connected either to 
regulatory compliance requirements, such as the case of the WEEE regula-
tions  –  Waste Electrical and Electronic Equipment (Directive 2002/96/EC), 
which contain measures aimed at the prevention of the disposal of electrical and 
electronic equipment and their reuse, recycling and other forms of recovery, or 
the regulations that impose waste packaging recovery activities on the seller, or 
can also refer to returns connected to the possibility of recovering products, 
components and materials based on the value associated to the different recovery 
options.

In view of the focus of this book, we will dwell mainly on the last point listed 
above, analysing the main features of the objects involved in these processes (What), 
the players and systems in reverse flow management (Who), and finally the recovery 
options that a company may exercise (How). Once again, we will embrace a broad 
perspective in an attempt to focus our attention on the convergence between sustain-
ability, environmental orientation and supply chain management, with the meanings 
adopted in this paper (Linton et al., 2007).

7.5.2 who? Main players in sustainable supply chains

The term Who refers to the players involved in the process and their different 
responsibilities in the management of the flows along a supply chain (Fuller and 
Allen, 1995).
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The structure of the most complex process aimed at the management of logistics 
flows can be designed according to two methods (Rahman, 2012; Prahinski and 
Kocabasoglu, 2006; Guide et al., 2003; Fleischmann et al., 1997; Kopicki et al. 1993):

1. Open‐loop network (or systems), in which the forward flows unfold through 
several logistics nodes and the reverse flows are managed by other players 
(collectors) that assign them to secondary markets, after having managed pos-
sible recovery options. In this case, the recovered materials are allocated to 
markets other than those that originally generated them, such as in the case of 
waste from polyethylene bottles, assigned to the production of sportswear arti-
cles made of pile, or food production waste used for the production of fodder 
for animals or fertilisers and so on.

2. Closed‐loop network (or systems), in which the origin and destination of the 
flows coincide, and thus the flows move within the system. In this case, prod-
ucts and packaging often return to their original producers. This is an option 
adopted in chemical or electrical components companies, or in logistics struc-
tures involved in the reuse of pallets and returnable containers (Rahman, 2012).

The two flows, managed through a series of b2b exchanges until the final customer 
is reached, are shown in Figure 7.2.
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figuRe  7.2 Closed‐loop and open‐loop networks. Source: Rahman 2012. Reproduced 
with permission of John Wiley & Sons.
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7.5.3 what? products, Materials and packaging in sustainable 
supply chains

The connection between the Why‐reasons, described previously, the What, namely 
the features and types of objects involved in these processes, and the profile of the 
Who, namely the players involved in the reverse flow process, can be summarised by 
analysing the variety of activities and items involved in the reverse flow crossing two 
viewpoints: the viewpoint of the objects – What? – that is, distinguishing between 
products and packaging, and the viewpoint of the sources of these flows – Who? – that 
is, distinguishing between players in the supply chain, such as retailers, distribution 
centres and end users. As illustrated in Figure 7.3, the different types of returns can 
be linked to commercial requirements or requirements more closely connected to 
sustainability issues – Why‐reasons, as already illustrated before.

If we focus our attention on the reasons connected to the environmental sustain-
ability, marked in bold font in Figure 7.3, it is possible to highlight the characteristics 
of a product, components or packaging – What? – that can lead to different recovery 
options. These are related to (De brito and Dekker, 2010, p. 17):

 • Composition.
 • Deterioration.
 • Use pattern.

Composition means the number and variety of components and materials used in 
the manufacturing of the product involved in the process and their characteristics. 
These attributes are linked to the choices of the breadth and depth of the product base 
and the use of materials that are heterogeneous. Furthermore, as already illustrated 
with the reference to Design for the Environment (see Chapter 3), composition refers 
to the intrinsic characteristics of the materials used, the utilisation of multi‐material 
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components or ‘monstrous hybrids’ composed of hazardous and non‐polluting com-
ponents. These aspects significantly influence the costs and time linked to laborious 
and often uneconomical or impossible disassembly and sorting processes of the 
materials used and, consequently, affect the feasibility of the different recovery 
options. In order to facilitate the use of recovery options, it is in fact preferable to 
have components that have been designed according to the principles of modularity, 
namely in which there is a one-to-one correspondence between the component and 
the function carried out and for which the interfaces between components are cou-
pled in such a way that if any changes are made to the design it is always possible to 
replace obsolete components with new ones. Furthermore, it is necessary to avoid the 
combined use of biological and technical materials, which are difficult to recycle, 
and to encourage methods of design for disassembly.

A second aspect that conditions the possibility of reusing a product or its compo-
nents in order to recover its residual value concerns the characteristics of its 
Deterioration, namely an appreciation of its residual functional capacity. The recovery 
potential of a product or its parts can be influenced by multiple factors, several linked 
to usage phenomena or cases of technological obsolescence, others to aspects of 
economic obsolescence or the unprofitability in the trade‐off between its replacement 
with a new product and its re‐entry on the market. The former case is typically linked 
to intrinsic deterioration, namely the usage deriving from prolonged use over time 
and can manifest itself as homogeneous usage, that is, usage connected to the general 
ageing of a product, or non‐homogeneous usage, that is, usage linked in particular to 
several of the parts of a product that are more exposed to deterioration.

The third factor that can influence the effectiveness and efficiency of reverse flow 
processes is the Use Pattern, understood as the location, intensity and duration of use:

 • Location of use: as already mentioned, one of the characteristics of reverse 
flows lies in the fact that it is a many‐to‐one flow, thus its degree of efficiency 
is linked to the location and dispersion of the users of a product and its collec-
tion points. In this regard it appears obvious how the nature of the user – indi-
vidually or collectively – can influence the effective location of the collection 
points and the effort required from the user to implement the process. Take, for 
example, the different impact of plastic packaging in recovery and recycling 
processes, in terms of volume and associated costs, if the user is an individual, 
no matter how sensitive he/she is to environmental problems, or a company or 
a supermarket capable of generating enormous volumes of product to be 
directed towards the processes described herein in a short period of time.

 • Intensity of use: a further factor is the intensity of use that influences the possi-
bility of reselling a product as‐is in the secondary market, such as a book, a car 
or industrial equipment, or reusing a component as a spare part or in remanu-
facturing processes following recovery.

 • Duration of use: finally, duration is generally directly proportional to its 
intensity, even if it can be examined independently. In fact, there are products 
that can be used for a long period of time, but with low intensity (and conse-
quently low use). This is the case of some components, such as starters or 
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water pumps in the auto parts industry, or sophisticated equipment and tools 
for occasional use, or products such as boats or caravans (long duration and 
low intensity of use), for which, in fact, there are secondary reselling markets 
or demolition yards dedicated to the disassembly and recovery of all useful 
parts or components.

7.5.4 how? Recovery options in sustainable supply chains

Finally, as already stated, the How perspective refers to the phases along which the 
reverse flow develops, as well as the choice of the most appropriate recovery options 
that the company can pursue. In view of the relevance of the subject for this book and 
the need for more in‐depth study, this will be dealt with in greater detail in the fol-
lowing Section.

The management of a reverse flow involves a series of steps that can be config-
ured differently, but that generally refer to the following phases (Rogers and Tibben‐
Lembke, 1998; De brito and Dekker, 2010):

 • Gatekeeping, in which the decisions regarding the products to be guided to the 
reverse logistics processes are made.

 • Collection, in which the identified products are collected and grouped, transfer-
ring them to the point of recovery.

 • Inspection or testing, in which the conditions of the materials and products are 
assessed, and possible functional and diagnostic tests are performed.

 • Sortation or selection, in which products are separated per type of goods and 
per recovery option allocation.

 • Disposition, in which the products are sent to the specific destinations.
 • Recovery, in which the recovery of residual value and the assessment of the 

best available option are specified.

The reverse flow processes may involve products and their components, as well as 
packaging (Fleischmann et al., 1997), and have rather different effects on the differ-
ent sectors and organisations. In some sectors, there may be the return of new or 
almost new products, such as books, videos, electrical appliances and computers, 
which are redirected to sales channels on secondary markets or in emerging coun-
tries. In other sectors, such as machinery, engines and complex pieces of equipment, 
the products are disassembled, and the components that still work properly are recon-
ditioned and reintroduced to the market as spare parts for warranty claims at lower 
costs than components originating from OEM – Original Equipment Manufacturers – 
sources. In other cases, the returns are treated as scrap or recycling, after the products 
have been destroyed, as is the case of waste paper, metals or plastic packaging. The 
use of product returns or the salvage of parts and materials from end‐of‐life products 
is also a management lever used to significantly reduce the level of waste of new 
components, which is necessary in order to guarantee service to the markets and to 
implement efficient build‐to‐order management processes. If in the past, the main 
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motivation connected to the appropriate design and management of the Closed 
Loop Supply Chain was mainly linked to economic objectives and overall system 
efficiency, in recent years, either due to the assertion of more stringent regulations or 
an increased awareness of companies and stakeholders, the topic has been enriched 
with implications linked to the sustainability of company choices and the need to 
limit their environmental impact. One only needs to think of the increase in the costs 
connected to the growing scarcity of areas that can be used for landfills, the diffusion 
of regulations that prevent the dumping of many contaminating products in landfills, 
the pressure and the concerns of public opinion regarding environmental risks, the 
possibility of reaching additional profit margins by exploiting appropriate recovery 
options and reducing the consumption of materials, components and packaging, or 
the limiting of the energy and manufacturing costs linked to the increasingly reduced 
useful life of products.

The methods used to implement reverse flows differ from and depend on the pos-
sibility of reselling or reusing the product or the packaging ‘as‐is’ within the supply 
chain or in secondary markets (Tibben‐Lembke, 2004) or, on the other hand, the need 
for the product or packaging to be reconditioned, remanufactured or refurbished by 
the original producer or by specialised third‐party operators, or even for lower‐value 
operations to be implemented, such as recycling or disposal.

In general, the aim of extracting value from the reverse flow processes is based on 
the assessment of the possible alternative actions (Rogers and Tibben‐Lembke, 1998). 
The possibility of recovering or creating value from the appropriate management of a 
reverse flow is therefore linked to the recovery options that a company or a system of 
companies can exercise during the different phases of the reverse logistics flow.

products
 • Return to supplier.
 • Resell.
 • Sell via outlet.
 • Salvage.
 • Reconditioning.
 • Refurbish.
 • Remanufacture.
 • Reclaim materials.
 • Recycle.
 • Landfill.

packaging
 • Reuse.
 • Refurbish.
 • Reclaim materials.
 • Recycle.
 • Salvage.
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figuRe  7.4 Recovery options along the reverse supply chain. Source: Thierry 1995. 
Reproduced with permission of California Management Review.

Several authors have made a distinction between the possible exploitation options 
of products, materials and packaging along the reverse flow, distinguishing between 
options that involve product reconditioning and upgrade, such as repackaging, repair, 
refurbishing and remanufacturing, where the effort to upgrade the product increases 
progressively from the first to the last option, to others like cannibalisation and recy-
cling, in which parts and/or materials are recovered, but not the product (Thierry 
et al., 1995). These options in any case depend on the nature of the object of recovery 
and the inexpensiveness of the underlying operations. For example, in the case of 
packaging there may be primary or secondary packaging, ‘to be lost’, which in this 
case can be compared to the flow of materials for recycling, or packaging ‘to be 
returned’, on the other hand, and in this case the packaging re‐enters the cycle after 
several inspections of its wholeness, cleaning and so forth.

Figure 7.4 briefly illustrates the position of the different recovery options along a 
hypothetical supply chain.

A key point of the process that was illustrated at the beginning of this Chapter in 
Figure 7.1, which discusses the case of a Closed-Loop Supply Chain, lies in the test 
(or sortation) phase of the recovered material. The aforesaid phase, which can obvi-
ously be found at various stages along the reverse flow, plays a crucial role, as it is 
responsible for defining the best value‐recovery option to be exercised for each ana-
lysed product, component or material. As will be illustrated later, the different 
recovery options can create different levels of value, from high‐value options, such 
as, for example, the option of reusing reconditioned products or components, to 
options with substantially zero value, if not negative value, such as the option of 
disposal without energy recovery.
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The possible recovery options can be summarised in the following five categories:

1. Resale (as‐is) and reuse.

2. Remanufacturing, refurbishment or repair.

3. Parts harvesting, cannibalisation and recycling.

4. Disposal with energy recovery.

5. Disposal without energy recovery or land filling.

In fact, two further options can be added to these recovery options, but they 
cannot, however, be dealt with together with those stated before, as they do not 
belong to the family of recovery options, but rather to the design choices of the 
product, which have already been analysed in Chapter  3, and the maturity of the 
sensitivity of the markets towards more conscious consumption. In particular:

 • The first, known as Resource Reduction, originates from the possibility of 
designing products and systems capable of reducing the use of the resources 
used in industrial and logistics processes; this is defined as the ‘minimisation of 
materials used in products and minimisation of waste and energy achieved 
through the design of more environmentally efficient products’ (Carter and 
Ellram, 1998, p. 91).

 • The second, which is beyond the scope of this book, falls within the set of 
actions aimed at influencing the market in the direction of more responsible 
consumption. The latter has to do with the regulations and information imple-
mented by institutions and companies in order to influence the purchasing and 
consumption behaviour of the final client. Several recent contributions are 
addressing the issues related to the consumer’s intention to purchase green 
products (Johnstone and Tang, 2014).

7.6 vaLue cReation thRough RecoveRy options

As pointed out by blackburn et al. (2004) ‘returns and their reverse supply chains 
represent an opportunity to create a value stream, not an automatic financial loss’ 
(p. 7). The main recovery options are described next with the goal of illustrating the 
area in which they are implemented and the value potentially associated with these:

1. Resale and Reuse. This concerns two different options, but for our purposes 
they can be dealt with together. In both cases, this option involves the possi-
bility of reusing (and possibly reselling) products and components for the same 
purpose for which they were originally designed and produced. The first, 
Resale, can be exercised in different ways, through forms of selling via outlets 
and/or discounts, which is typical of products originating from retail chains 
and caused by returns due to overstocks or, if a secondary market exists, 
through the sale of used products or components as‐is, without any particular 
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reconditioning (Souza, 2012). The first case, also known as ‘sell‐as‐new’ is 
typical in the clothing and furnishing sectors, etc. The second is the case of the 
sale of used products, such as cars, books, DVDs, laptops or any other product 
that can find a buyer, and is prevalent in b2C markets, although examples can 
also be found in b2b markets, such as industrial machinery, earth‐moving 
equipment and so on. As this does not involve resale in the strict sense, the 
returns linked to non‐profit organisations that manage the processes aimed at 
donating the product to charitable organisations also form part of this category 
(Reyes and Meade, 2006).

2. The second option – Reuse – refers to components or packaging, as well as 
finished products; it often involves reconditioning and is more frequently 
found in b2b exchanges. For several articles, such as packaging, pallets, con-
tainers, pads and cog wheels, products can be reused after simple inspection 
and cleaning. Since this option is often used for low‐value products, it is prof-
itable in the cases where inspection, cleaning and possible reconditioning are 
simple and inexpensive. In other cases, typically involving more complex 
products, it is necessary to perform tests, reconditioning and/or light repairs 
(with the possible replacement of small used components). This is the case, for 
example, in the option offered by car manufacturer to buy cars with either a 
new or a guaranteed reconditioned GPS navigation device. If, on the other 
hand, a careful inspection of the individual components is imposed after the 
produced is disassembled, depending on the value that could be recovered and 
the comparison of the cost with the complexity of a new regeneration, the 
options of remanufacturing, part harvesting or finally recycling can be exer-
cised, as illustrated in Figure 7.5.

Manufacturing
of new

equipment

Remanufacturing
Remanufactured

equipment

End-of-lease
or used

equipment

Harvesting
for parts

Recycling

Grading, testing
and sortingCostumers

Le
as

ed
 o

r 
so

ld
eq

ui
p

m
en

t

Bad
conditions

Good
conditions

Medium
conditions

figuRe  7.5 Closed–Loop Supply Chain and recovery options. Source: Souza 2012. 
Reproduced with permission of business Expert Press.
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 • Remanufacturing. The remanufacturing option, also known as refurbishing, 
repairing, rebuilding, restoring or reconditioning depending on the sector in 
question, is performed through the disassembly of the product into its compo-
nents in order to extract its potential residual value. As this option involves 
potentially complex and costly transactions, it is justified in the case of products 
whose recovery potential is associated with an increase in value. 
‘Remanufacturing is the process of restoring a used product to a common 
aesthetic and operating standard’ (Souza, p. 90). The goal of remanufacturing is 
therefore to return the product to the same state as the new product in terms of 
functional and aesthetic performance. This option is often adopted for products 
like computers, printers, photocopiers, industrial machinery, car engines and so 
on. At times the replacement of original components with more recent compo-
nents makes the quality of the remanufactured product higher than the original 
(Rahman, 2012). Remanufacturing involves a series of recovery processes, 
which can also be extremely complex and composed of multiple operations. As 
a very brief summary, it is necessary to disassemble, clean and inspect all of the 
parts of a product in order to assess its state and if necessary, replace them with 
other new or reconditioned (reworked) parts and finally reassemble the product 
and retest its functions. These processes are facilitated if the product has already 
been designed according to modularity, design for disassemble and design for 
re‐manufacturing principles. However, it is not always profitable for an OEM 
company to design products and manage processes aimed at remanufacturing. 
This is for the following reasons, among others (Souza, 2012, p. 69):

 ⚬ Technological obsolescence: in environments where technological evolution 
is very rapid or in the cases where new product generations consume consid-
erably less energy than previous ones or the products are manufactured using 
innovative materials. In all these cases consumers favour products that incor-
porate new materials and updated and more efficient technology, and there-
fore remanufacturing is not profitable; nevertheless, in fast-moving sector 
remanufacturing is made easier by the fact that customers generally return 
products when they are still in good conditions.

 ⚬ Fashion products: fashion goods and products with short life cycles are not 
suited to remanufacturing, as they do not have many possibilities of re‐
entering the markets. In the same way, several aesthetic components that 
characterise the external appearance of an overall product offer reduced pos-
sibilities of remanufacturing, unless as spare parts. The producer is generally 
driven to develop remanufacturing processes for non‐visible components 
and therefore those that are less exposed to the evolution of the tastes of the 
consumer. For example, the mechanical components of a car or a motorcycle 
are more prone to remanufacturing, compared to the bodywork, seats or 
internal parts, which are generally recycled.

 • Part Harvesting and Recycling. Whereas the remanufacturing option generates 
a high value‐added recovery, aiming at recovering the intrinsic functional value 
of complex products, groups or components, Parts Harvesting or Cannibalisation 
and Recycling are generally associated with a more limited value, as the choice 
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of components or materials recovery is narrow. In this case, the options are also 
theoretically different, but they can be dealt with together as they are often 
practised by the same economic actors. In general, the underlying process takes 
the form of the collection, disassembly, and separation of materials and compo-
nents into similar types. In certain circumstances  –  Parts Harvesting or 
Cannibalisation  –  several components that are disassembled, duly separated 
and treated, can be effectively reused as after‐sale replacements or spare parts 
under warranty. These can be reconditioned, such as in the case, for example, of 
mechanical parts subject to modest usage processes or functioning electronic 
parts. Otherwise, Recycling is the only option, such as in the case of ferrous 
materials, alloys, plastic materials, wood, paper, glass and so on. The Recycling 
option is associated more frequently with materials with a very limited residual 
value, due to either compromised quality conditions or the economic obsoles-
cence that makes its reuse improbable. These materials can be reused either in 
the same industry, such as scrap iron for steel production or paper scrap for the 
paper industry, or in different supply chains that use these materials as raw 
materials or components for further manufacturing, such as plastic bottles for 
the production of textiles or aluminium tin cans for the production of manufac-
tured products. Often the intrinsic residual value of several waste materials is 
underestimated, but, thanks to appropriate differentiated waste collection and 
dedicated industrial processes, economic value can be generated by manufac-
turing products made from waste materials, without considering the benefits 
linked to lower environmental impact.

In this regard, please refer to box 7.1.

box 7.1  nothing is cReated and nothing is destRoyed, 
but eveRything is tRansfoRMed

examples of the exploitation of recycled materials
steel

 • 1 frying pan can be made from 13 tins of peeled tomatoes
 • In 19,000 pots of jam there is enough steel to make 1 car

plastic
 • 1 fleece jacket can be made from 27 bottles
 • 67 bottles produce enough padding to fill a quilt for a double bed

aluminium
 • 1 bicycle is made of 800 tins
 • 640 tins produce enough aluminium to make 1 rim of a car wheel

wood
 • 1 small box of wood can make a clothes hanger
 • 1 desk can be made from 4 pallets
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The increasing attention being paid by the regulator to recycling is aimed at mak-
ing recycling easier. The success and cost-effectiveness of this process are in fact 
linked to the quality of the materials collected, the result of careful separation and the 
existence of a market willing to use them. In some cases the recovered materials are 
directed to a range of subsequent ‘cascaded’ uses, or are used across value streams 
and in industries. This is the case, for example, of clothes that cannot be reintroduced 
to a secondary market and that are used to generate new products and used as mate-
rials for other products, like rags for cleaning, fabric for overalls or fibre for insula-
tion in the automobile or building sectors.

 • Disposal with energy recovery. This is a residual option, in which there is, how-
ever, the possibility of recovering a fraction of value through waste‐to‐energy 
and combustion (incineration) processes or the co‐production of energy through 
biomass gases. This is the case, for example, in the cement production plant of 
the Italcementi Group located in Calusco, Italy, which, under an agreement 
made with the local council, uses an alternative fuel to partially replace fossil 
fuels, deriving from the recycling of selected municipal solid waste that other-
wise could not be recycled in order to feed the furnaces used in the production 
process of clinker slabs. This innovation enables savings to be made in relation 
to the use of fossil fuels, reduces the environmental impact linked to CO

2
 emis-

sions and makes a social contribution to the region, in perfect harmony with the 
principles of the Triple bottom Line. This option is justified either by the 
inability to recover the waste material or by the low value associated with it, 
such as the case of chipboard or woodchips, combustible oils that cannot be 
regenerated, the case of incineration, material deriving from the collection of 
wet waste or originating from the production of fruit and vegetables or agro‐
food and the case of the gas production from biomass.

 • Disposal without Energy Recovery or Landfilling. When it is impossible to 
exploit any of the recovery options analysed previously, the extreme option is 
Disposal without Energy Recovery or Landfilling. In this case the only value 
created consists in the minimisation of environmental impact.

Regarding disposal options, one only needs to think that 

current global MSW (Municipal Solid Waste) generation levels are approximately 1.3 
billion tonnes per year, and are expected to increase to approximately 2.2 billion tonnes 
per year by 2025. This represents a significant increase in per capita waste generation 
rates, from 1.2 to 1.42 kg per person per day in the next fifteen years. However, global 
averages are broad estimates only as rates vary considerably by region, country, city, 
and even within cities (Wb, 2012, p. 24).

It is possible to identify a hierarchy between the recovery options, in terms of 
potential value created, and the level of eco‐efficiency. As illustrated in Figure 7.6, 
the option of Resource Reduction is at the top of the pyramid of value creation, 
whereas the option of Disposal without Energy Recovery is found at its base.

It is clear to see how the possibility of exploiting the options with higher added 
value as much as possible is closely linked to the design and manufacturing methods 
of products and components. As explained in detail in Chapter 3, in fact, the use of 
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Design for the Environment, Design for Remanufacturing or Design for Disassembling 
techniques can have a considerable impact on the efficiency and effectiveness of 
remanufacturing or recycling practices, such as, for example, several projects intro-
duced by the automobile industry to facilitate the disassembly and reuse of materials, 
by reducing the number of parts, abandoning chemical bonds and screws and ratio-
nalising the materials and snap‐fitting components.

Clearly, managing time is key to leveraging the opportunity of creating value 
through recovery options, as claimed by blackburn et al. (2004, p. 6) ‘the longer it 
takes to retrieve a returned product the lower the likelihood of economically viable 
reuse options.’ It is widely believed that a product recovered through a reverse supply 
chain loses approximately 50% of its value on average, mostly due to the downgrad-
ing of a product sold as remanufactured, but also due to the effects produced as time 
goes by, defined as time value depreciation or Marginal Value of Time for Return. 
This loss in value differs considerably in different sectors: for example a PC or laptop 
is estimated to lose 1% of its value per week (blackburn et al., 2004, p. 10).

To maximise value recovery options, companies and their supply chain partners 
must design closed‐loop systems capable of properly managing the trade‐off between 
speed, linked to the time value depreciation issue, and low cost, related to the need to 
minimise the remanufacturing cost to retain the marketability of downgraded product.

According to the approach proposed by blackburn et al. (2004), different types of 
Closed‐Loop Supply Chains can be designed, in which the backward flow is managed 
taking the level of time value depreciation into consideration:

1. For products with a low time value depreciation, such as machine tools, 
preference is given to Centralised Efficient (Cost‐Effective) Return Systems, 

Resource reduction minimises �ow of materials both in the forward
and reverse directions of the supply chain

Resource reduction
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harvesting
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Energy recovery
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figuRe 7.6 Recovery options and value creation. Source: adapted from Carter and Ellram, 
1998; Stock, 1992; Kopicki et al., 1993.
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in which – since the objective is to minimise the overall process cost, to the 
detriment of its speed –  the inspection, sortation and disposition phases are 
centralised in a central facility. This makes it possible to obtain economies of 
scale during this phase, after which, once evaluated, the product is directed to 
the most appropriate recovery option; the exploitation option is postponed 
downstream of the product condition evaluation. In this case the retailer and 
the reseller play no part in the product evaluation process and therefore ought 
not to sustain any costs related to the acquisition of testing and sorting compe-
tences. Furthermore, this system guarantees economies of scale in the trans-
portation of multiple products sent to the central testing facility and from there 
to multiple locations according to the different recovery options.

2. For products with a high time value depreciation, such as PCs and laptops, 
Decentralised Responsive (Time Effective) Return Systems are suggested, in 
which the speed objective in the management of the diagnosis process of the 
functionality and obsolescence of the product prevails, to the detriment of the 
overall cost of the process. In this case, the testing, sortation and disposition 
phases are managed directly by retailers and resellers, in a process defined as 
preponement. In this phase, for example, products characterised by low inten-
sity or duration of use can be immediately restocked and reintroduced to the 
sales process; others, on the other hand, are re‐sent to a central testing and 
repairing facility for a more detailed analysis or to then be allocated to the 
different recovery options. The need to contrast the reduction in value linked to 
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the passage of time prevails over the opportunity of obtaining economies of 
scale during the process phase and in transportation.

The two options are summarised in Figure 7.7.
Returning to the more general subject of this book, Closed‐Loop Supply Chain 

systems must be considered to be useful tools in the appropriate management of 
physical and information flows, within more extensive strategic visions and 
management logics, based on cradle‐to‐cradle principles and the concept of the 
Circular Economy (see Chapter 3).
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8
Measuring sustainability

8.1 introduction

Syngenta is a leading agricultural company based in Switzerland, which in 2014 
employed 29,340 people at world‐wide level and reported a turnover of $15.1 
billion. It is specialised in the following product types:

 • crop protection and seedcare products, to support and protect the growth of 
the plant throughout its entire life, from the development of the root to the 
later stages, so as to obtain more healthy plants and prevent any yield loss.

 • seeds: they concern several types of crops, such as rice, sugar cane, corn, 
soybean, sunflower, oilseed rape, as well as vegetables and flowers.

 • lawn and garden, which refer to the plant protection products targeted to consumers 
and professional growers, as ornamental growers and golf course managers.

Quoting Syngenta’s website,

Syngenta’s products and offers can help address one of the planet’s most challeng-
ing dilemmas: how to grow more crops using fewer resources. Our ambition is to 
bring greater food security in an environmentally sustainable way to an increasingly 
populous world by creating a worldwide step‐change in farm productivity. Our 
ambition encompasses the 8 million large farms worldwide with over 100 hectares 
as well as the 450 million small farms with 2 hectares or less.

As explicitly claimed in the company’s website, the concern of Syngenta toward 
 sustainability is twofold: on the one hand, it is of major importance for this company 
to offer a valid support to the improvement of farm productivity, which in turn results 
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in the possibility to feed as many people as possible. On the other hand, Syngenta 
is concerned with the sustainable production of its own items, which requires the 
adoption of appropriate tools and initiatives to guarantee that the supply and 
 transformation activities are carried in accordance with this principle.

In a company present in 90 countries and endowed with 111 production 
and supply sites and 141 R&D ones, the dissemination of this culture and its 
implementation through appropriate actions require the identification of specific 
areas to be addressed. Looking at the Annual Review 2014, it can be seen that a 
specific section is devoted to ‘Sustainable Operations’, which helps identify the 
performance areas over which Syngenta focuses its improvement efforts, as well 
as the indicators adopted. They can be summed up as follows:

 • Social sustainability performance: this performance profile refers to work and 
product safety and to the support offered to local communities. The former is 
addressed in the Annual Review through the provision of ad hoc synthetic indica-
tors (recordable incidents per 200,000 hours, equal to 0.37 in 2014, and record-
able occupational illness per 200,000 hours, equal to 0.04 in 2014) and the 
description of the main prevention programmes conducted in 2014 to improve 
work safety. These indicators are deployed into more detailed ones, which take into 
account the geographic distribution of the phenomena, as well as the type of 
illness. Furthermore, safety is also concerned with the product, which can be 
a source of risk for the user due to the problem of counterfeiting. The report, 
thus, also provides information about the initiatives undertaken by the company 
to cope with this phenomenon. The support to local communities is measured 
in terms of ‘economic value shared’ ($14,982 in 2014), which expresses the 
economic benefit brought by Syngenta through its operations to the local com-
munities that host its premises, in the form of taxes, wages, value of products 
and services sourced locally etc. Also this indicator is deployed in terms of the 
subjects that receive an economic benefit from the presence of the company in 
a given area (e.g. employees, suppliers, government etc.). On top of this, the 
report provides information about other ‘social’ activities undertaken by the 
company, such as training programmes, not only for company’s employees.

 • Environmental sustainability performance: the most critical environmental 
impact of Syngenta’s operations concerns hazardous materials, wastewater, 
energy and water consumption. Such performance is measured both in abso-
lute and intensity‐based terms. In this regard, the Annual Review provides both 
synthetic and deployed indicators. For instance, concerning energy, the total 
amount of Joules consumed is reported, as well as MJ/$ sales, which refers to 
energy intensity, equal to 0.66 in 2014 and deployed in terms of types of energy. 
Similar pieces of information are reported for the CO

2e
 (deployed for source and 

typology of greenhouse gas), water usage (deployed in terms of type of usage 
and origin), industrial wastewater (deployed for type of chemical features), 
waste (deployed in terms of the hazardousness and type of treatment).

Source: Syngenta website, viewed 30 November 2015; Syngenta’s Annual 
Review 2014, available at www.syngenta.com, viewed 30 November 2015.
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As can be seen in the case of Syngenta, the measurement of sustainability involves 
relevant issues to be addressed. First of all, it is necessary to identify the performance 
profiles against which to assess the company. Then, appropriate indicators must be 
designed, able to capture the whole phenomenon and then to deploy it into its main 
determinants, so as to drive appropriate improvement actions. Such a design process 
of the performance measurement system exposes the company to several risks, 
mainly concerning the possibility of neglecting relevant profiles and of adopting an 
excessive number of indicators, which provide a misleading view of the phenomenon 
under analysis.

In this chapter, we will address the problem of how to measure the sustain-
ability of a production and logistic process. We will move from a brief analysis of 
the contributions concerning the measurement of sustainability at a macro‐
economic level, since these are relevant antecedents of the main proposals made 
for companies in this regard. Then, we will focus on the design of functional 
measurement systems and, finally, a brief overview of the main reference models 
will presented.

8.2 Measuring sustainability in Manufacturing 
coMpanies

Measuring the performance of production and logistics processes means establishing 
the objectives that business operations ought to pursue, the indicators that can be 
used to quantify the targets to be reached and, finally, how to carry out a systematic 
process for analysing and interpreting the achieved results. As explained in Chapter 2, 
in the last twenty years a general consensus has been reached on the fact that the 
performance profiles peculiar to business operations consist of time, cost, quality and 
flexibility. Many indicators, used to quantify their various attributes, have been iden-
tified for each of these profiles. The wide variety of key performance indicators 
(KpIs) that are potentially available has subsequently led to the need to make a selec-
tion thereof, in order to help business management to focus its attention and its 
improvement efforts on a few important areas of performance. This has caused a 
growing interest in the design of measurement systems suitable for guiding actions 
through ‘dashboards’ that are capable of coordinating choices made on a functional 
level with the long‐term objectives of the company.

This has determined the proliferation of various reference frameworks for the 
design of measurement systems  –  primarily the balanced scorecard (Kaplan and 
Norton, 1992).

The key assumption of these models, which have been popular since the 1990s, is 
the fact that the long‐term success of the company is measured taking its economic 
and financial results into consideration, and consequently the contribution of each 
company function consists of supporting the strategies implemented to pursue these 
objectives. With this in mind, optimising time, cost, quality and flexibility 
performance is useful to the extent that it enables the economic results of the company 
to be increased and sustained.
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Nevertheless, during recent years this approach has been called into question. The 
company is no longer viewed only as a vehicle for economic progress in the strict 
sense, but also as a promoter of the development of the community and the ability of 
individuals to increase and make the most of their potential abilities and skills 
(Nussbaum, 2011; Sen, 1992; 1999). This new perspective creates further  challenges 
in the measurement of the performance of the production and logistics process, as it 
requires the role that it is called upon to play in ‘sustainable’ companies to be taken 
into consideration. Measuring the performance of operations from the ‘sustainability’ 
perspective, therefore, implies a vision of the company that seeks to respond to these 
demands.

This chapter deals with the topic of sustainability measurement, first from a 
macro‐economic perspective and, then, by taking a closer look at the subject on a 
company level.

8.3 sustainable developMent MeasureMent

8.3.1 the Measurement of gdp: limits

The increasing interest in the subject of social and environmental sustainability, as 
well as the serious and on‐going economic crisis that has hit many countries in recent 
years, have led to the challenging of the most established models for quantifying the 
well‐being created by national economic systems, based essentially on the estimate 
of Gross domestic product (Gdp).

The assessment of the well‐being of a nation on the grounds of its Gdp is based 
on the assumption that the countries capable of ‘producing’ economic value are also 
environments that are more favourable to the development of individuals and the 
improvement of their quality of life. This approach has been widely criticised since 
the 1960s, because it regarded economic growth as the single indicator of progress, 
the well‐being of society and, ultimately, the happiness of the individual (Blanchflower 
and Oswald 2004; Easterlin, 1974; 1995; 2001). In 1968, in a famous speech at the 
University of Kansas, Bob Kennedy claimed that no country could pursue the 
accumulation of material goods as its one and only purpose or measure its success 
without using indicators that take the health of its citizens, their cultural level, the 
quality of their existence or the environment in which they live into consideration. In 
short, the re‐discovery of an ethical dimension was already being sought back then, 
not only in the identification of the objectives that the company and its government 
bodies ought to set, but also the measurement tools aimed at quantifying the achieved 
results. From this perspective, the Gdp presents a series of limits, which compro-
mise its ability to be a truly useful tool for the quantification of the well‐being of the 
community. Several distortions in the Gdp, in fact, emerge, when the following 
aspects are taken into consideration (Stiglitz et al., 2010):

 • Assessment of public services: if a product/service does not have a market price, 
it is conventionally valued by taking the resources used to produce/deliver it 
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into consideration, as is the case for many public services. For example, if 
the contribution that sectors such as public health make to the Gdp is 
quantified, the total expenditure incurred on a national level is assessed, 
but this does not always express the degree of productivity of the system 
and, therefore, its contribution to the well‐being of the community. In this 
regard, it can be considered that the United States are among the countries 
with the highest healthcare costs, which according to the OECd statistics 
in 2012 was 16.4% of its Gdp, while in Italy it was 8.8% in the same year 
(OECd data). Nevertheless, several of the key performance indicators in 
this sector in the United States are clearly lower than those of other coun-
tries that are just as developed – especially life expectancy at birth, which 
in 2012 for a US new‐born was equal to 78.8 years, compared to 82.3 years 
for an Italian one. Similar problems emerge when the growth of  the 
economy is supported by public spending, which sometimes is allocated to 
the pursuit of expansionary policies and not to actually improve specific 
areas.

 • Improvement of product quality: many products are significantly improved over 
time, guaranteeing standards of quality and features that are clearly higher than 
they were in the past, such as consumer electronics, for example. At the same 
time, especially due to technological innovation and the increasing efficiency 
of production systems, the costs of these goods are reduced, thus producing 
almost paradoxical effects in national accounting, which tends to underesti-
mate the contribution made by these sectors to the economic development of 
the country.

 • Increase in GDP as a result of inefficiencies of the system: it may be the case 
that the higher expenditure of companies or individuals (and therefore their 
contribution to Gdp) is linked to the need to cope with various forms of ineffi-
ciencies that can be observed in some countries. For example, an outdated and 
unreliable railway network leads to a wider use of private means of transport, 
with consequent higher transport costs, longer travel times and a higher 
 frequency of accidents.

 • Stock vs flows: Gdp is a measurement of flow, not stock. This means that if 
economic well‐being is to be measured using Gdp, only what has been 
 produced during the year is taken into consideration, whereas any stocks 
 accumulated over time will be ignored. This is obviously a limit, given 
that – especially from a family perspective – saving is an essential component 
of financial soundness and material well‐being.

 • Transactions as value drivers: the Gdp of a nation grows depending on the 
number and value of business transactions. It can, however, be easily verified 
that not all of them lead to an improvement in the well‐being of the community 
or the individual. For example, eating a meal prepared at home contributes less 
to the growth in the Gdp than buying a hamburger at a fast‐food outlet. It is 
rather evident, however, that in terms of physical well‐being, the first option is 
preferable to the second one.
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These considerations in fact lead to the formulation of two categories of chal-
lenges. The first concerns the improvement of the techniques for measuring the 
economic development of a country. The second category concerns the quantification 
of aspects of well‐being that go beyond the Gdp measurement and take the quality 
of life of individuals into consideration.

With regard to the first aspect, many contributions have been made that, although 
they do not lead to a final resolution of the issues stated above, provide methodolog-
ical guidelines for renewing national accounting systems (Fleurbaey and Gaulier, 
2007; Talberth et  al., 2006; Cobb and Cobb, 1994; Zolotas, 1981; Nordhaus and 
Tobin, 1973). Among these the work of Stiglitz, Sen and Fitoussi stands out, who, on 
the initiative of the presidency of the French Republic, set up the Commission on the 
Measurement of Economic performance and Social progress in 2008. This body, 
which saw the contribution of many other economists and social science specialists, 
led to the drawing up of a report (that can be found on the website www.stiglitz‐sen‐
fitoussi.fr/en/index.htm) containing twelve ‘recommendations’ for guaranteeing a 
way of measuring economic development that overcomes the problems pointed out 
previously (Stiglitz et al., 2010).

The second aspect, namely, the measurement of well‐being, was dealt with through 
the proposal of several indicators capable of expressing the dimensions of the quality 
of life that are not strictly linked to material well‐being. Attention is also to be drawn 
to the many proposals in this field, especially from international bodies, among which 
the Genuine Savings Indicator and the Ecological Footprint. The first model, put for-
ward by the World Bank, focuses on the allocation of the natural, human and capital 
resources of each country, with the objective of understanding how these evolve over 
time. This indicator measures the impact of a series of phenomena ignored in the 
 traditional systems of national accounting, such as the damage resulting from CO

2
 

emissions (Bolt et al., 2002), to be assessed in economic terms. The second measurement 
system, proposed by Wackernagel and Rees (1995), is based on the idea of calculating 
the number of hectares of land required to sustain current standards of living in various 
countries around the world. In this calculation, a gap in resources could emerge, to the 
extent that the stock of hectares actually available (measured in ‘global hectares’) 
would be lower than the number required for continuing to maintain a certain global 
production, consumption and disposal flow (so‐called ‘bio‐capacity’). As can be seen 
in Figure 8.1, this is what has already been happening since the end of the 1970s.

Nevertheless, the most well‐known indicator of well‐being, without doubt, is the 
human development Index.

8.3.2 Human development index

The quantification of the overall well‐being of a community involves an assessment 
on the aspects that create value for the individual. In this regard, a new model, known 
as the ‘human development approach’ or ‘capability approach’, is now replacing the 
principle that regards economic wealth as the main, if not exclusive, measurement of 
well‐being. This new model assesses the progress of a country based on the opportu-
nities that are made available to each individual (Nussbaum, 2011; Sen, 1992; 1999). 
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From this perspective, asking the question if and to what extent an economic system 
contributes to personal well‐being also involves asking about the ‘means’ available 
to citizens, so that they can make the most out of their capabilities. Economic 
development, therefore, is not the ‘end’ but the ‘means’ through which individuals 
develop their capabilities. These capabilities must be regarded as the ‘substantial 
freedom’ to choose and to act, and they do not depend solely on the innate abilities 
of the individual, but also on a set of conditions that refer to the background, politics, 
the economy and society. ‘poverty’, therefore, is to be understood as a ‘lack of oppor-
tunity’, which does not depend on income alone, but, like income, may vary signifi-
cantly from one community to another.

This new approach has been adopted by many institutions, such as the World 
Bank and the United Nations development program (UNdp). The UNdp, in 
particular, has been publishing the human development Reports since 1990, which 
measure and compare the degree of progress of countries annually using a system of 
indicators that reflects the thinking of Sen (1992; 1999). These reports are based on 
the calculation of the human development Index (hdI), which is  currently the most 
widely used measurement for expressing the results achieved by various national 
economies in three different areas:

1. Physical well‐being, in terms of life expectancy.

2. Degree of education, measured as the average degree of literacy and schooling 
(actually recorded among adults, or expected for newborns).

3. Decent standard of living, expressed as the Gross National Income per capita, 
assuming purchasing power parity (in US dollars).

Each of these assessment profiles is quantified by an indicator that expresses the 
position of each country compared to the best performer. In general terms, the 
 formula used for each of the requested aspects is as follows:

1961

World biocapacity

E
co

lo
gi

ca
l f

oo
tp

rin
t (

nu
m

be
r 

of
 e

ar
th

s)

1.5

1.0

0.5

0.0
1965 1970 1975 1980 1985 1990 1995 2000 2007

Other

United States of America

China

India

Russia

Japan

Brazil

United Kingdom

Mexico

Germany

France
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I

actual value minimum value

maximum value minimum value 

The calculation of these indicators, the values of which vary from 0 to 1, requires 
the identification of the minimum and maximum values of each assessment profile. 
For the Life Expectancy Index (I

life
) the minimum value, equal to 20 years, comes 

from a long‐term analysis conducted globally. As for the Education Index (I
education

), it 
is assumed that a community can exist with a complete absence of schooling, there-
fore, the minimum value is 0 years. Finally, with regard to the Gross National Income 
Index per capita (I

income
) the minimum stands at US$100, which is the lowest income 

per capita recorded using an international comparison system over the period from 
1980 to 2010. The maximum values come from annual recordings and consequently 
are  subject to more frequent modifications. See Table 8.1 in this regard. From a meth-
odological point of view, it must be noted that the Education Index is derived from 
the average of two sub‐indicators, related to the average schooling of adults and the 
expected schooling for newborns, respectively.

The human development Index (hdI) is obtained from the geometric average of 
the previous three indices, using the following formula:

 hdI I I Ilife education income
3

 

The methodological choice of the geometric average stems from the need to avoid 
the compensatory effects implied in the use of the arithmetic average, such as the 
situation illustrated in Table 8.2.

Let’s assume that in period t the country has recorded a value of 0.70 for each of 
the three determinants of the hdI. In this case, the geometric average and the simple 
average produce perfectly identical results. Nevertheless, if it is assumed that in the 
subsequent period (t + 1) the I

income
 of the same country increased to 0.90, its I

education
 

decreased to 0.50 and its I
life

 value remained at 0.70, the choice of calculation method 
for the hdI would produce a different intertemporal assessment of the national 
performance. In fact, the use of the simple average ensures that the deterioration of 
the I

education
 value is perfectly compensated by the equal improvement in the I

income
. 

This would lead one to believe that nothing has changed compared to the previous 
period. however, the improvement in one of the assessment profiles was obtained to 
the detriment of another, and this cannot be considered acceptable due to the basic 

table 8.1 Minimum and maximum values for the calculation of the Hdi

Indicator Observed maximum Minimum

Life expectancy (years) 83.6 (Japan, 2012) 20.0
Mean years of schooling 13.3 (United States, 2010) 0
Expected years of schooling 18.0 (capped at) 0
Combined education index 0.971 (New Zealand, 2010) 0
GNI per capita (PPP US$) 87,478 (Qatar, 2012) 100.0

Source: human development Report, United Nations.
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philosophy that underlies this approach, which is also inspired by a principle of 
fairness. To get around this methodological problem, it is therefore considered more 
correct to use the geometric average, which, in the case described in Table 8.2, leads 
to the highlighting of the deterioration in the overall performance of the country 
being assessed from period t to period t + 1.

8.4 sustainability MeasureMent in coMpanies

8.4.1 relevant profiles

In a company environment, the measurement of sustainability is based on the Triple 
Bottom Line Model (Elkington, 1997), according to which companies must jointly 
pursue economic, social and environmental objectives. This trend is also reflected in 
the indications explicitly provided in this regard by Agenda 21, the document drawn 
up following the United Nations Conference on Environment and development held 
in Rio de Janeiro in 1992. Chapter 40 of this document emphasises the need to support 
the decision‐making processes of institutions and private organisations through appro-
priate indicators capable of measuring their development, understood in its various 
forms. In the wake of this trend, the United Nations Commission on Sustainable 
development drew up a document specifically dedicated to the subject of sustain-
ability measurement. The most recent version of this document puts forward a limited 
set of fifty indicators, each with explanations on their methods of calculation (United 
Nations, 2007). This has influenced the way in which private organisations approach 
the subject of sustainability measurement.

In a company environment, sustainability reporting is now an established practice 
and is widely used, especially in larger companies, with values of 76% in America, 
73% in Europe and 71% in Asia (KpMG, 2013). Furthermore, the variability of these 
rates among different sectors is constantly being reduced, with the percentage of 
companies involved in sustainability reporting never falling below 50% (KpMG, 
2013). Although the sustainability reports drawn up by companies are not completely 
 consistent in the type of indicators computed, they draw on the threefold structure 
already illustrated, which leads to combining the measurements of the environmental 
and social sustainability of the activities of the company with its economic and finan-
cial results.

Focussing on the performance indicators that companies can use to quantify their 
results in the environmental and social field, it is worth remembering that the goal of 
performance measurement consists, first of all, of supporting management in the 
strategic planning process and, then, enabling the monitoring and final assessment of 
results (Gauthier, 2005). If objectives have not been reached, the system of indicators 

table 8.2 the calculation of the Hdi

I
life

I
education

I
income

Geometric average Simple average

Period t 0.70 0.70 0.70 0.70 0.70
Period t + 1 0.70 0.50 0.90 0.68 0.70
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needs to highlight the causes of the problem and lead management towards the most 
appropriate improvement measures.

With reference to environmental sustainability, it is common practice to use indi-
cators that are aimed at quantifying specific performance areas, and also checklists 
related to the initiatives undertaken to protect the environment. This can be 
observed  in Table  8.3, which identifies sub‐groups within these two categories, 

table 8.3 environmental sustainability assessment profiles

Categories Subcategories
Measurable or verifiable elements
(examples)

Environmental 
protection 
practices

pollution 
control

‘End‐of‐pipe’ measures
Compensation measures

prevention of 
pollution

Modifications to the product
Modifications to the process
% suppliers without EhS violations
% suppliers participating in raw materials or 

packaging LCA
% distributors supporting/implementing take‐back 

policies
Environmental 

Management 
System 
(EMS)

definition of environmental policy
planning of environmental objectives
Assignment of responsibilities
Assessment of activities undertaken

Environmental 
performance

Consumption 
of resources

Total consumption of fresh water
Total volume of water recycled and reused
Total consumption of raw materials per type
percentage of recycled materials
Total energy use (in kWh) over the life cycle of the 

product
Total energy use (in kWh) for transportation
Total vehicles km travelled
No. of initiatives to exploit renewable energy sources 

and improve energy yield
Total surface land held, rented or managed for 

activities of production or extraction
Number of endangered species in areas affected by 

the company’s activities
percentage mass of products sold that can be 

recovered and reused at end of life and percentage 
that is actually recovered

production of 
pollution

Greenhouse gas emissions in equivalent tonnes of CO
2

Significant emissions into the water per type
Significant accidental linkage of chemical products, 

oil and fuels (number and total volume)
Total quantity of waste per type and destination
penalties for non‐respect of environmental law

Source: adapted from Morana, 2013; dou and Sarkis, 2010 and Veleva and Ellenbecker, 2001.
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which can be used to decide whether to use quantitative indicators (e.g. the con-
sumption of energy) or systems to check the existence of conditions for improve-
ment (namely, checklists related to the activities included in the Environmental 
Management System – EMS, such as the identification of improvement goals, the 
assignment of responsibilities etc.). Environmental sustainability profiles play a 
particularly important role in industrial companies, since there is a clear risk that 
industrial plants may generate a negative impact on the external environment 
(Sarkis, 2001). In contrast, the type of environmental impact produced and the 
actual danger posed can vary, depending on the activity carried out, ranging from 
particularly critical situations, like the production of chemicals or iron and steel, to 
other less problematic aspects, such as mechanical assembly or the production of 
garments. It follows that the mix of indicators to monitor, especially those related to 
the production of pollution in the strict sense, must be gauged depending on the 
nature of the production process.

As far as the measurement of social sustainability is concerned, it must be noted 
that company activities have an influence on the well‐being of parties both within 
and outside the organisation (Gauthier, 2005). Therefore, as stated in Table 8.4, a 

table 8.4 social sustainability assessment profiles

Categories Subcategories
Measurable or verifiable elements 
(examples)

Social sustainability 
profiles within the 
company

practices related 
to personnel 
management

Compliance with regulations on the 
protection of child labour, gender 
discrimination, safety etc.

Use of job flexibility forms
performance bonuses
No. of training activities
No. of skills development projects

practices for 
safety at work

No. of workplace injuries
No. of injuries per type and origin (task)
Lost workdays for injuries and illness
No. of days of health‐and‐safety training
No. and type of injuries prevention procedures

Social sustainability 
profiles outside the 
company

projects for local 
communities

No. of training support projects for local 
workforce

No. of housing projects
Infrastructure improvement projects
No. of projects to support local schools
No. of projects to support local hospitals
Amount of donations and sponsoring
% products consumed locally

projects related 
to other 
stakeholders

No. of supplier training projects
% suppliers from local area
% products consumed locally
No. of customer training projects

Source: adapted from Morana, 2013; dou and Sarkis, 2010 and Veleva and Ellenbecker, 2001.



MEASURING SUSTAINABILITY 197

distinction must be made between these two different categories, which in turn may 
be further deployed in order to identify more specific assessment profiles. Also in 
this case, several aspects can be quantified numerically while others are elements that 
are verifiable only through checklists, which enable the company to determine the 
existence of the essential conditions for the achievement of an overall satisfying 
performance. With reference to social sustainability within the organisation, a dis-
tinction must be made between the practices adopted to guarantee the safety and 
physical integrity of employees and the practices that encourage their professional 
development. The former can be assessed through the measurement of results, such 
as the number of accidents recorded during a certain time interval, and through indi-
cators of prevention efforts, as the number of accident‐prevention procedures, the 
frequency of inspections or the investment in accident‐prevention equipment. policies 
on safety at work are particularly crucial in industrial companies where a significant 
number of staff is employed in production activities and the results achieved in this 
regard are often considered to be an expression of the management quality of the 
operations in a wider sense. Measuring the effectiveness of personnel management 
practices, in contrast, means checking the conditions that guarantee the respect of the 
specific conditions and demands of individuals, as well as their professional growth. 
This can be monitored, for example, by checking compliance with the regulations on 
the protection of child labour or gender discrimination and by verifying the existence 
of ways of developing professional skills – primarily consisting of training and career 
development programmes.

The social sustainability of company activities promoted in relation to parties 
outside the company can, on the contrary, be monitored by observing the initiatives 
undertaken by the organisation to support the communities in the region in which its 
premises are located, on the one hand, and the programmes specifically aimed at 
specific categories of external stakeholders, typically suppliers and customers, on the 
other hand. In the first case, the investments made and the number and type of 
 projects financed, which may concern the development of infrastructures, the expan-
sion of schools, sponsoring and so on, are measured. With regard to the second 
 perspective, the measurement appears to be more complex as it is linked to the 
specific initiatives undertaken in order to encourage the development of the partner, 
even if the most frequent forms of support in this regard are linked to training 
programmes.

8.4.2 reference Models

The large number of KpIs that can be used to monitor environmental and social sus-
tainability performance leads to dealing with the problem of an effective selection and 
logical structure of the indicators required to support the management in the 
identification of potential improvement areas and related corrective actions. Therefore, 
proposals have also been put forward in this regard in relation to possible reporting 
models for environmental and social sustainability, capable of ensuring that the 
phenomenon can be effectivelly assessed. Furthermore, with specific reference to pro-
duction and logistics processes, in recent years many contributions have highlighted 



198 SUSTAINABLE OpERATIONS ANd SUppLY ChAIN MANAGEMENT

the need to develop reporting systems that are specifically aimed at assessing the 
impact of operations on company sustainability levels, often proposing an 
adaptation of frameworks that already exist (Koh et al., 2013; Reefke and Trocchi, 
2013; Yakovleva et  al., 2012; Cetinkaya et  al., 2011; hervani et  al., 2005). In 
particular, Cetinkaya et al. (2011) proposed the use of a Sustainable Supply Chain 
(SSC) Scorecard, which is characterised by an attempt to explain the links of cause 
and effect between supply chain management practices, environmental and social 
sustainability performance and the economic and financial results of the company. 
In this regard, the four  perspectives that characterise the framework of Kaplan and 
Norton (1992) would need to be remodelled in order to take the following consid-
erations into account:

 • Financial perspective: in the assessment of this perspective, indicators aimed at 
quantifying the economic advantages deriving from greater environmental and 
social sustainability must be used in addition to the KpIs peculiar to the standard 
version of the balanced scorecard (e.g. return on equity, return on investment, 
economic value added, CAGR revenues etc.). These advantages always come 
from the implementation of ad hoc projects, which require an initial investment 
and generate economic results over time. Therefore, it is possible to adopt the 
usual financial investment assessment tools, such as Net present Value, payback 
period or Internal Rate of Return. This, obviously, applies more immediately to 
projects concerning the improvement of environmental performance and (even if 
somewhat more complex) also to those focused on the topics of social sustain-
ability within the company. Furthermore, it is to be noted that the initiatives 
aimed at improving the eco‐sustainability of production activities often translate 
into improvements in the economic performance such as lower production costs 
and working capital. Think, for example, about lean management projects that, 
by decreasing the various types of waste that can be found in a factory, help to 
reduce the consumption of resources and improve production efficiency (see 
Chapter 5). From the perspective of the SSC Scorecard, the following synthetic 
indicator of social or eco‐efficiency could be used (World Business Council for 
Sustainable development, 2005):

 

Valueof the product or service

Environmental impact or Social impactt  

For example, if one of the main resources used in the production process is 
energy, as is the case in iron mills, the eco‐efficiency of the process can be 
assessed by relating the value of the production, in a given time interval, with 
the quantity of kilowatts consumed.

 • Sustainability perspective: the set of indicators to be used in this section of the 
SSC Scorecard (which ideally corresponds with the customer perspective in the 
classic formulation of the balanced scorecard) must be based on the observa-
tion that nowadays the degree of customer satisfation in relation to what the 
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company offers does not depend exclusively on the traditionally considered 
characteristics of the products/services (aesthetic and functional aspects, 
after‐sales assistance, price etc.), but also on the environmental and social 
performance of the company, which increasingly has an influence on its 
image and therefore on customer choices. This section of the SSC Scorecard 
must therefore contain indicators that express a certain causal link. To this 
end, not only indicators – as customer satisfaction, customer retention, market 
share measurements and so on, need to be monitored, but also the more 
‘technical’ KpIs that express the environmental and social sustainability of 
the company (tonnes of CO

2
 produced, kilowatts consumed, percentage of 

recyclable  materials etc.). These latter aspects, moreover, have an influence 
not only on the brand image of the company, but also directly on economic 
and financial performance, which is highlighted in the first  section of the SSC 
Scorecard.

 • Supply chain perspective: the set of indicators to be used in this section of the 
SSC Scorecard (which would correspond to the perspective of the internal 
processes in the version proposed by Kaplan and Norton, 1992) must be 
selected by identifying the main production and logistics processes that 
 determine the levels of sustainability highlighted in the customer perspective. 
This modus operandi leads to the measurement of the impact of specific supply 
chain design choices (Gallmann and Belvedere, 2011). For example, the tonnes 
of CO

2
  produced in a certain time interval (recorded in the Sustainability per-

spective) can be explained also in the quantity of kilometres travelled to deliver 
the goods. The distance to be covered during delivery phases, in turn, depends 
on  multiple factors, among which the level of logistic service agreed with cus-
tomers, the number of the warehouses and distribution centres, the maximum 
loading capacity by the means of transport used and so on. A further critical 
aspect related to this perspective of the SSC Scorecard is the need to also 
include parties outside the company in the assessment, and in particular 
 subcontractors and suppliers, who may have a significant influence on the sus-
tainability performance in terms of the management of their own production 
and logistics activities (Schneider and Wallenburg, 2012).

 • Learning and Growth perspective: in the original proposal of Kaplan and 
Norton (1992), this perspective ought to contain indicators that measure the 
adequacy of the resources used in the key processes of the company, and in 
particular human resources and information technology. The need to quantify 
these aspects is also emphasised in the SSC Scorecard, and special reference is 
made to the resources used in the production and logistics processes, underlin-
ing, once again, the need to also extend the measurement to the main partners 
along the supply chain. For example, in the food industry, where tracking sys-
tems are one of the primary guarantees of the origin and quality of the product, 
it would be unreasonable to consider measuring technological adequacy by 
focusing exclusively on a company and omitting the other players along the 
supply chain (Beske et al., 2014).
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Even if proposals like the ones mentioned in this section are reasonable from a 
logical point of view, in recent years company choices regarding sustainability 
reporting have gone in the direction of the adoption of international standards, 
drawn up by bodies and institutions that aim to promote the dissemination of 
 sustainability reporting, on the one hand, and to facilitate benchmarking between 
companies as a useful tool for supporting improvement, on the other hand. The 
next part of this chapter will illustrate two of these standards in particular, namely 
the standards proposed by the Global Reporting Initiative and the dow‐Jones 
Sustainability Index.

8.4.2.1 Global Reporting Initiative According to a survey conducted by KpMG 
on company practices regarding sustainability measurement (KpMG, 2013), 76% of 
companies that draw up sustainability reports refer to the model proposed by the 
Global Reporting Initiative (GRI).

GRI is a non‐profit organisation aimed at promoting the use of sustainability 
reporting in companies as a useful tool for pursuing goals that are compatible with 
the improvement of environmental and social performance. In this regard, GRI drew 
up a reference model that highlights the most important assessment profiles and the 
individual indicators for quantifying them. Furthermore, the methods that com-
panies ought to use to record the achieved results are also illustrated, using not only 
quantitative, but also qualitative information in relation to initiatives undertaken or 
planned for the future. The degree of detail with which GRI describes its framework 
and the related methods of application makes reading easy, as well as the comparison 
of reports in particular, especially for benchmarking purposes. Furthermore, the 
companies that adopt this framework to draw up their sustainability report can also 
voluntarily publish them on the GRI website, which, consequently, acts as a reposi-
tory for the benefit of organisations interested in comparing their achievements with 
the ones of other companies. There are obviously many benefits linked to the use of 
this model, including the simplification of the report design process. If the report, in 
fact, is drafted according to the guidelines drawn up by GRI, it must replicate a 
standard structure, which can be used as a reference by all types of companies 
(GRI, 2013a).

The structure of the GRI framework highlights three ‘categories’ of performance 
to be assessed, namely economic, social and environmental performance, in line with 
the theory of the Triple Bottom Line, which has already been discussed (Elkington, 
1997). Furthermore, each of these categories is further divided into a series of ‘sub‐
categories’ and ‘aspects’ that correspond with the appropriate performance indica-
tors. With regard to the production and logistics processes, a section specifically 
dedicated to the supply chain was introduced to the latest version of the model (GRI, 
2013a; GRI, 2013b) with the aim of pointing out how managerial choices concerning 
the aforesaid processes may have an impact on specific aspects already present in the 
framework. The list that follows here reports the categories and sub‐categories that, 
according to GRI, are most affected by supply chain management, as well as some of 
the indicators proposed to quantify these aspects:
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 • Economic:
 ⚬ Procurement practices indicators (examples): percentage of the budget for pur-
chases used to buy goods produced locally (providing a definition of ‘local’).

 • Environmental:
 ⚬ Energy indicators (examples): total consumption of kilowatts and its 
breakdown (per geographical area, phase of the production and logistics 
 process etc.).

 ⚬ Emissions indicators (examples): tonnes of CO
2
 emitted and its breakdown 

(per geographical area, phase of the production, logistics process etc.).
 ⚬ Supplier Environmental Assessment indicators (examples): percentage of 
new  suppliers assessed using environmental sustainability criteria; number 
of suppliers subject to environmental impact assessment.

 • Social:
 ⚬ Labour practices and decent work indicators (examples): percentage of new 
 suppliers assessed on the basis of the Labour practices used; number of sup-
pliers with whom relations have ended due to a negative assessment of their 
Labour practices.

 ⚬ Human rights indicators (examples): percentage of new suppliers assessed 
on the basis of the degree of their compliance with human rights; percentage 
of suppliers with whom improvement goals regarding compliance with 
human rights have been agreed following an assessment process.

 • Society:
 ⚬ Supplier Assessment for Impact on Society indicators (examples): percentage 
of new suppliers assessed on the basis of the type of impact produced on the 
community; number of suppliers with whom relationships have ended due to 
the negative assessment of impact on the community.

It must be considered that, for each of these indicators, the GRI Implementation 
Manual (GRI, 2013b) provides an in‐depth description of the data and information 
that the companies must collect in order to give real meaning to some of the most 
vague concepts, such as the impact of company activities on the community (i.e. 
‘Impact on Society’), thus effectively quantifying and disclosing its performance.

8.4.2.2 Dow Jones Sustainability Index The dow Jones Sustainability Indices 
were launched in 1999 with the aim of recording the financial returns of listed 
 companies characterised by high standards of sustainability and risk management. 
The identification of the best‐in‐class to be included in the indices is based on an 
assessment process (the Corporate Sustainability Assessment – CSA) conducted by 
the dow Jones Indices in collaboration with RobecoSam, in which the first 2500 
listed companies are invited to participate each year on an international basis 
(RobecoSam, 2014).

The participation in the CSA, which is voluntary, requires the company to fill in 
a  questionnaire specific for the sector to which it belongs (the CSA identifies 
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59 sectors in total) and, depending on the sector, the questionnaire is divided into a 
minimum of 80 and a maximum of 120 questions, which cover aspects concerning the 
economic, social and environmental sustainability of the company. The data collected 
through the questionnaire, complemented with public information regarding the 
 sustainability practices of the company, are used to compute a score between 0 and 
100 for each participant, through which it is possible to identify the best‐in‐class in the 
sector. Figure 8.2 illustrates the structure of the questionnaire, which is divided into a 
series of criteria for each area of sustainability (economic, social and environmental), 
which in turn are assessed through a set of questions.

One peculiar aspect of this process is the fact that the criteria of the CSA have 
been weighted to take the importance that each one of them has in specific sectorial 
contexts into account. For example, the importance assigned to the subject of 
Occupational health and Safety is 5% in the banking sector, 4% in the electric util-
ities sector and 2% in the pharmaceutical sector. Furthermore, certain criteria may 
not even be included in some versions of the questionnaire. For example, ‘Climate 
strategy’ is important (and therefore present) in the assessment of environmental 

Question level

Question, criteria, and dimension weights provided in the diagram above are for illustrative purposes only.
The actual number of questions, criteria and their corresponding weights will vary from industry to industry.

*(pre-de�ned question weight) **(pre-de�ned criterion weight) ***(Media & stakeholder analysis)

100

100

100

100

Question 1 (25)*
Question 2 (35)
Question 3 (15)
MSA*** (25)

Criterion 1 (4)**

Criterion 2 (8) Economic
(27/100)

Environmental
(38/100)

Social
(35/100)

Maximum total
sustainability score
= 100

Criterion 3 (9)

Criterion 4 (6)

Criterion 1 (8)

Criterion 2 (5)

Criterion 3 (6)

Criterion 4 (10)

Criterion 5 (9)

Criterion 1 (5)

Criterion 2 (15)

Criterion 3 (10)

Criterion 4 (5)

Question 1 (15)
Question 2 (20)
Question 3 (30)
MSA*** (35)

Question 1 (25)
Question 2 (25)
Question 3 (15)
Question 4 (35)

Question 1 (33.3)
Question 2 (33.3)
MSA*** (33.3)

Criterion level

Each dimension weight is
the sum of the criteria
weights within the respective
dimension

Each criterion is assigned a
pre-de�ned weight out of the
total questionnaire; criteria
weights within each dimension
roll up to the total dimension
weight

Dimension level Total sustainability score

Each question receives a
score of between 0–100 points
and is assigned a pre-de�ned
weight within the criterion.
Weights for each criterion add
up to 100

figure 8.2 Structure of the Corporate Sustainability Assessment. Source: RobecoSam 2014. 
Reproduced with permission of RobecoSam.
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sustainability in the electric utilities and pharmaceutical sectors, whereas it is absent 
from the questionnaire directed at the banking sector.

The score assigned to a company for each individual question is based on an 
assessment on the degree of its awareness of the subjects of sustainability, the pol-
icies adopted, the results achieved and also the quality of the reporting. Given the 
complexity of the subjects being assessed, the questions are worded broadly, in order 
to obtain in‐depth and documented information from the company. In this regard, see 
the example in Figure 8.3, which shows a question found on the questionnaire for the 
pharmaceutical sector.

Question

Question Points
Question weight within criterion
Criterion
Dimension
RobecoSAM Rationale Underprivileged patients are often unable to buy medicine to treat or cure their

diseases due to financial constraints. This is often the case in developing countries,
and is now becoming a growing concern in developed countries. As a serious social
challenge that requires attention from healthcare providers, some pharmaceutical
companies are tackling this issue by implementing programs to provide these
patients with improved access to medicine. Such initiatives help to improve the
company’s credibility, build corporate and product brands and increase market
penetration of their products and services.

Social

Strategy to improve access to drugs or products
50%
0–100

Please indicate your company’s approaches to improve accessibility 
of drugs in both developing and developed countries. Please provide 
supporting documents.

figure 8.3 Example of a question for the pharmaceutical sector. Source: RobecoSam 2014. 
Reproduced with permission of RobecoSam.
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