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_Introduction

In just the last two and a half years the global economy has experienced the subsequent 
unexpected crises. Covid-19 has rebuilt our lives and behaviors. Broken supply chains 
influenced business behaviors. The consequences of the war in Eastern Europe limited access 
to important natural resources. Climate change is also affecting Europe a lot, in various forms, 
depending on the region. It leads to biodiversity loss, forest fires, decreasing crop yields and 
higher temperatures, even people’s health. Global problems include inadequate access to 
clean water and sanitation. To face these challenges the world needs a strategy that will allow 
the economies to be transformed into modern, saving resources and a competitive one.

_General regulations

Fighting climate change recently became a priority for the European Parliament. Over the 
years, the European Union developed a vast set of legislative acts dealing with the topics of 
energy and climate change. Some of them regard reporting and monitoring and others provide 
for targets and/or instruments in order to operationalize the achievement of the overarching 
objectives [1].

Evidence shows that average global temperatures have risen since the industrial revolution 
from the end of the 19th century and nowadays are 0,95 to 1,2 °C higher. The last decade 
(2011–2020) was the warmest decade ever. The evidence indicates that this is due to the rise of 
greenhouse gas emissions (GHG) produced by human activity [2].

According to the European Environment Agency (EEA), the European Union in 2015 was the 
world’s third biggest greenhouse gas emitter, after China and the US. The top five emitters in the 
EU were na 2019 Germany, France, Italy, Poland and Spain. The energy sector was responsible 
for 77 percent of greenhouse gasses emissions in the EU in 2019, followed by agriculture (10,5 
percent), industry (9,1 percent) and the waste sector (3,3 percent) [3].

To overcome these challenges, the European Green Deal will transform the EU into a modern, 
resource-efficient and competitive economy, ensuring:

•	 no net emissions of greenhouse gasses by 2050,  

•	 economic growth decoupled from resource use,  

•	 no person and no place left behind [4].  				  

Green Deal is a set of measures that aims to help the European Union transition to a green 
economy and achieve climate neutrality. The Commission aims to work with the EU and the 
Member States to launch initiatives and implement the legislation successfully. The proposals 
that have been included within the European Green Deal include the following: European 
Climate Pact, New Circular Economy Action Plan (including the Strategy for a Sustainable Built 
Environment), 8th Environment Action Programme (EAP), New Batteries Regulation, European 
Climate Law, Level(s) - European Framework for Sustainable Buildings, 2030 Climate Target 
Plan, EU Strategy for Energy System Integration, Revision of the Renewable Energy Directive, 
Revision of the Energy Efficiency Directive, New European Bauhaus Initiative, European Green 
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Deal Investment Plan (Sustainable Europe Investment Plan), Sustainable and Smart Mobility 
Strategy, Regulation setting CO2 emission performance standards for new passenger cars and 
for new light commercial vehicles, Revision of the EU System to Monitor, Report and Verify 
Co2 Emissions from Ships, FuelEU Maritime, ReFuelEU Aviation, Renovation Wave Strategy [5]. 
 

In 2008 the European 
Union set a target to cut 
greenhouse gas emissions 
by 20% by 2020 compared 
to 1990 levels. Significant 
progress has been made: in 
2015 there was a decrease 
of 22 percent compared 
with 1990 levels. Transport 
is the only sector in which 
emissions are still higher 
than they were in 1990 [3].

Figure 1. Change in emissions level by sector in the EU since 1990 (in CO2 equivalent), excluding the UK. Source: [6]

In December 2020, the European Union announced that it would slash at least 55% of 
carbon emissions by the year 2030, up from the previous target of 40 percent. The target 
is ambitious and some climate experts express doubts on reaching that goal. In order to 
achieve it a large-scale transformation of a number of industries, including the automotive 
industry, is necessary [7].

Following the climate targets set in the Paris Agreement, the European Union currently aims 
to make Europe the climate-neutral continent by 2050. On 12th December 2019, the European 
Council, together with the European Commission, established the European Green Deal (EGD), 
the core EU strategy to fight climate change and achieve climate neutrality. The first step 
proposed by the Commission includes an initial set of targets to be met by 2030 [10]. The EU 
Green Deal “seeks to drive the fundamental business and value-chain transformation 
needed to address the climate emergency through its framework of regulation, incentives 
[...]. It will affect procurement, supply-chain management, manufacturing, finance, ESG 
and human resources departments. These teams must work together to align their 
approach. To make the most of the incentives available for low-carbon transformation, 
and mitigate the impact of Green Deal levies, it is critical for companies to embrace  
a comprehensive, adaptive, long-term, transformational mind set” [11].
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_European Green Deal

Reaching our 
2030 climate 
targets

#EUGreenDeal

Figure 2. 2030 climate actions. Source: [12]

There are eight key areas that make up the Green Deal, as follows:

1.	 Increasing the EU’s climate ambition 
for 2030 and 2050

2.	 Supplying clean, affordable, secure 
energy

3.	 Mobilising industry for a clean and 
circular economy

4.	 Building and renovating in an energy 
and resource efficient way

5.	 A zero pollution ambition for a toxic-
free environment

6.	 Preserving and restoring ecosystems 
and biodiversity

7.	 Farm to Fork: a fair, healthy and 
environmentally friendly food system

8.	 Accelerating the shift to sustainable 
and smart mobility [13]

The European Commission estimates that at least 1 trillion EUR in sustainable investments will 
be needed over until 2030, including both public and private money. Key investment areas 
include Sustainable infrastructure; Research, innovation and digitisation; Small and Medium 
Sized Enterprises; Social Investment and Skills [13]. The investment plan has been presented in 
the figure below.
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On 14 July 2021, the European 
Commission adopted “Fit for  
55”, a set of policy proposals 
 preparing the implementa-
tion of the EU Green Deal [12]. 
While the EGD is a ge-neral 
action plan to fight climate 
change, the Fit for 
55 package offers the pre-
paratory path to meet the 
targets of the EGD. Na-mely, 
Fit for 55 focuses on specific 
topics that need particular 
attention [10].

Figure 3. The European Green Deal Investment Plan. Source: [13]

In particular, the package adopted by The European Commission is a set of proposals 
to make the EU’s climate, energy, transport and taxation policies fit for reducing net 
greenhouse gas emissions by at least 55% by 2030, compared to 1990 levels [4].

In order to achieve climate neutrality by 2050 the goal is to harness the significant potential 
in global markets for low-emission technologies, sustainable products and services. And 
achieving a climate neutral and circular economy requires the full mobilization of industry. 
All industrial value chains, including energy-intensive sectors, will have a key role to play [14].

The new Industrial Strategy for Europe will lead the twin green and digital transitions and 
become even more competitive globally. It will help industry to reduce their carbon footprint 
by providing affordable, clean technology solutions and by developing new business models. 
With the updated Strategy based on the lessons learnt from the COVID-19 pandemic the EU 
aims to ensure that European industry can lead the accelerated green and digital transitions.

Figure 4. Policy areas in the EGD action plan. Source: [10]
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The EU’s emissions trading system (ETS) was introduced and launched in 2005 and it aims 
to reduce the industry’s carbon emissions. The emissions trading scheme obliges power 
plants and factories to hold a permit for each tonne of CO2 they emit. It provides a financial 
incentive to pollute less, because less pollution comes with less payments. Companies have 
to buy aforementioned permits through auctions and the price is affected by demand and 
supply [15].

The Fit for 55 package includes changes in the emission allowance trading system (EU 
ETS) and aims to include road transportation in this system. Currently, the entire sector is 
responsible for approximately 28,2 percent. EU greenhouse gas emissions, of which as much as 
20,4 percent It falls on road transport (taking into account car traffic), 4,0 percent for sea transport, 
and 3,8 percent for air transport. Therefore it is assumed that “Fit for 55” will be a revolution for road 
transport. Legislative package presented by the European Commission will strongly affect road 
transport by including transport companies in the emission trading system, as well as pressure on 
the very rapid development of the fleet of zero-emission vehicles. The most important regulations 
that are to apply to this sector can be summarized in three points as follows:

•	 change in the alternative fuel directive, which will determine the goals of the Member 
States in the development of the infrastructure of charging zero-emission vehicles. It is 
about investments in charging points of electric vehicles and hydrogen-powered (both 
passenger and delivery vans),  

•	 more stringent emission standards for new internal combustion cars. They assume 
that in 2035 all the passenger vehicles sold in the EU will be zero-emission. In the case of 
new vans, indirect purposes are to be: 15 percent. emission reduction until 2025 and 50 
percent reduction until 2030,

•	 road transport is to be covered by the emission trade system (ETS) from 2026. Transport 
companies will therefore have to buy CO2 emission rights at auctions, which are intended to 
make companies replace the fleet faster for low and zero-emission vehicles [16].

Important part of the package is Carbon Border Adjustment Mechanism (CBAM), adopted 
by the Commision on the same day - on 14th of July 2021. It puts a carbon price on imports 
of a targeted selection of products so that ambitious climate action in Europe does not lead 
to ‘carbon leakage’. It ensures that European emission reductions contribute to a global 
emissions decline, instead of pushing carbon-intensive production outside Europe. It also aims 
to encourage industry outside the EU and our international partners to take steps in the same 
direction. The Commission plans CBAM to be fully effective in 2026 [17]. It will influence supply 
chain choices, as it penalizes carbon-intensive imports. If import levies are set at a high level, it 
may encourage European businesses to source their inputs from within the EU area [11]. 

The way energy is produced and consumed in the EU needs revolution as it accounts for more than 
75 percent of the EU’s greenhouse-gas emissions. Currently, in the EU energy mix dominates oil (a 
share of 34,8 percent), followed by natural gas (23,8 percent) and coal (13,6 percent). Renewables 
are growing in share but their role remains limited (13,9 percent), similarly to nuclear (12.6 percent). 
Current situation will change completely if the European Green Deal is successful by 2050 [18]. 
European Commission’s projections in this area have been presented in the figure below.
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Figure 5. EU energy mix evolution. Source: [18]

Research on the use of renewable energy in the EU has been performed by Bassi and Dias in 
2019 [19]. The results of the research has been presented in the figure below.

Figure 6. The use of renewable energy in the EU countries in 2016-2019. Source: [19]
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The automotive industry is considered as one of the main contributors to the global 
environmental crisis. Moreover, the current practices in the automotive sector are shown to 
have a negative impact on the social and environmental dimensions. On the other hand, the 
automotive industry is critical to any country’s economic development. Therefore, the industry 
requires a radical shift in the way they perform business-as-usual [20].

Transport is responsible for nearly 30 percent of the EU’s total CO2 emissions, of which 72 
percent comes from road transport, according to a report from the European Environment 
Agency. CO2 emissions from passenger transport vary significantly depending on the transport 
mode. Passenger cars are a major polluter, responsible for 61 percent of total CO2 emissions 
from EU road transport [6].

Figure 7. Greenhouse gas emissions breakdown by transport mode in the EU in 2019. Source: [6]

_Transport and
the Automotive Industry



10

Figure 8. The share of heavy commercial vehicles with 
electric drive. Source: [16]

Figure 9. The share of heavy commercial vehicles with 
hyndrogen drive. Source: [16]

Fit for 55 creates a very large market for producers who will be able to produce electric 
or hydrogen vehicles. On the other hand, this also means the risk of falling out of the market 
for companies that will not be able to present such an offer. In this race recently an increasing 
number of large automotive concerns. Electric trucks already offer, among others Citroën 
(E-Berlingo and E-Expert models), Peugeot (e-partner), Opel (Combo-E, Vivaro-E), Renault 
(Kangoo), FIAT (E-Ducato), Ford (E-Transit) and Volvo (FE Electric). The start of the production of 
such trucks has also recently been announced by Daimler. However, the offer of saddle tractors 
is limited. These types of vehicles currently offer only Volvo (FH Electric), Iveco (Nikola Tre) 
and DAF (CF Electric), although several other large manufacturers have already announced 
that they will soon join this group [16]. Moreover, traditional car companies are increasingly 
investing (over USD 11 billion since 2015) in autonomous and shared vehicle companies such 
as Lyft, and setting aggressive electric and autonomous vehicle targets. One of the examples 
is General Motors that is working towards an “All Electric-future” and also aims to roll-out  
a fully self-driving ridesharing service [22]. The consequences of the Fit for 55 package for 
the automotive industry will be very deep and can significantly undermine the position 
of companies that will not be able to adapt to the process of rapidly reducing greenhouse 
gas emissions.

Electric motors and the associated optimization, lightweight construction and CO2 
emission reduction are important issues, however not the only. The car’s interior should 
be included in analysis and improvements as it is the part of a car most frequently seen 
by the driver. It must be not only practical, aesthetically pleasing, but also weight saving. 
The use of natural fibers as alternative materials in the interior plays an important role 
and is a further step towards greater sustainability. 30.000 tons of natural fibers used in 
2005 grew in Europe to 50.000 tons in 2015 [23].
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Nowadays sustainability is increasingly important for managers across all industries. 

Sustainability measurements, especially those regarding environmental pillar, became 
a significant topic in the automotive industry. Significant changes that can currently be 
observed in the automotive industry suggest that over 30 percent of new car sales are 
projected to be zero emissions and plug-in hybrid by 2030, representing a potential USD 1 
trillion market [22]. Currently electric cars are already gaining traction, representing 11 percent of 
all new registered passenger vehicles in 2020. Sales of electric vehicles - battery electric vehicles 
and plug-in hybrid electric vehicles - have surged since 2017 and tripled in 2020 when the CO2 
targets started to apply. Electric vans accounted for 2,3 percent of the market share for new 
registered vans in 2020 [6].

Figure 10. Evolution of CO2 emissions from new passenger cars. Source: [6]

_The concept of
sustainability and its elements



12

In July 2021, the European Commission revised CO2 emissions standards for new passenger 
cars and light commercial vehicles. In June 2022 it was agreed to reduce the limit for emissions 
from cars and vans by a further 15 percent from 2025, followed by a 55 percent reduction for 
cars and 50 percent for vans by 2030 and to reach zero emissions by 2035 [29, 30].

In the year 2020 The PLM Green Global Alliance was formed “to foster an international 
community of product lifecycle management (PLM) professionals who collaborate on use of 
PLM-enabling technologies to address the challenges of sustainability, climate change and 
energy decarbonization [...]. PLM lets product developers, marketing personnel and supply 
chain managers track weights, production costs, nutritional values and component 
volumes to satisfy compliance regulations and meet environmental goals. Using basic 
product data management capabilities within PLM, an engineer should be able to simulate 
expected carbon emissions of a new product design, then calculate and document the 
actual footprint during production. Just as early design decisions define the final production 
cost of an item, these decisions will also determine most GHG emissions. PLM provides the core 
functionality to roll up the carbon footprint of different design variations, suppliers, production 
processes, customer uses and recycling scenarios” [31]. One of the aims of establishing the 
alliance was to study green technologies that can assist with the transition into a sustainable 
low-carbon circular economy. Some of the emerging new technologies include those that can 
calculate, manage and track the carbon emission footprint of products, processes and services. 

Investment bank Goldman Sachs assesses that the most effective way to achieve the goals 
of Fit for 55, i.e. 55 percent CO2 emissions by 2030 is electrification on a scale leading to an 
increase in demand for electricity by half. The bank estimates that the implementation of Fit for 
55 should be carried out by increasing electricity consumption by passenger cars, heat pumps, 
electrolysers and industrial installations. As a result, the share of electricity in primary energy 
consumption should increase from today’s about 20 to 50 percent [32].

Increasing material efficiency is another key opportunity for moving towards the targets 
set in the Paris Agreement. Materials are vital to economies, but their production is an 
important source of greenhouse gasses - emissions from producing them increased from 5 
gigatons of CO2-equivalent in 1995 to 11 Gt in 2015, with their share of global emissions rising 
from 15 percent to 23 percent. Most of the material-related emissions stem from the production 
of bulk materials: iron and steel (32 percent), cement, lime and plaster (25 percent), as well as 
plastics and rubber (13 percent) [33].

Figure 11. Emissions caused by material production as a share of total global emissions 1995 vs. 2015. Source: [33]
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Research on redesigning products and services to minimize the use of materials or using 
recycled materials has been performed by Bassi and Dias in 2019 [19]. The results of the research 
have been presented in the figure below.

Figure 12. The use of renewable energy in the EU countries in 2016-2019. Source: [19]

Sustainable development, since its appearance in the 1992s, has gained popularity and 
extensively evolved to integrate the supply chain management field. It is sometimes 
comprehended as “an ultimate value system to give orientation for decision making and 
action in different situations; [...] a framework for companies and their management to 
transform their responsibility for environmental, economical and social behavior into 
business practices within the legitimacy of our society” [34]. Pressures and law regulations 
have significantly contributed to spread the application of environmental sustainability as  
a recent management mantra [35, 36]. Not only to fulfill new requirements but also to 
ensure the success of the company, currently organizations are facing challenges regarding 
establishing effective governance and internal control of sustainability-related operations. 
Companies need to conduct several internal assessments to determine the topics in 
sustainability that are important for them and their environment, including customers and 
investors. Recently, particularly Original Equipment Manufacturers (OEMs) became more 
sensible on environmental concerns and complied with some of the standards on presenting 
sustainability information [37].
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Green Supply Chain Management has been defined as “integrating 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” [38, 39]. Therefore, 
Green Supply Chain Management can be considered as a tool to enhance performance of 
the organization.

In general, due to eco-innovations, eco-efficiency and corporate social responsibility practices 
define much of the current industrial sustainability agenda and sustainable business models are 
considered as innovations that change the way the organization creates, delivers and captures 
value. Sustainable business models consider and engage in operations with a wide range of 
stakeholder interests, including environment and society toward improvements in reducing 
energy, resource intensity, and emissions and waste per unit of production. Business model 
innovations for sustainability has been defined as “innovations that create significant 
positive and/or significantly reduced negative impacts for the environment and/or society, 
through changes in the way the organization and its value-network create, deliver value 
and capture value (i.e. create economic value) or change their value propositions” [40].

Important area of activities regards Sustainable Investment - a term that is “inclusive of 
investment approaches that consider environmental, social and governance (ESG) factors 
in portfolio selection and management across seven strategies of sustainable or responsible 
investment” [41]. Aforementioned seven strategies have been presented in the table below.

Table 1. Strategies of Sustainable or Responsible Investment. Source: [41]

Referring to the research performed by The Global Sustainable Investment Alliance (2020, data 
covering Europe, the United States, Japan, Canada, Australia and New Zealand) sustainable 
investment in these markets has reached USD35,3 trillion in assets under management, having 
grown by 15% in two years (2018-2020). Sustainable investment assets under management make 
up now a total of 35,9 percent of total assets under management, up from 33,4 percent in 2018. 
Canada experienced the largest increase in absolute terms over these two years and the growth 
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reached 48 percent. Europe reported a 13% decline in the growth of sustainable investment 
assets from 2018 to 2020, however the reason is changed measurement methodology. Data 
has been presented in the Figure 13. below.

Figure 13. Global sustainable investing assets in the following years in billions USD.Source: [41]

The most common sustainable investment strategy is environmental, social and 
governance integration, followed by negative screening, corporate engagement and 
shareholder action, norms-based screening and sustainability-themed investment [41]. 
Details of sustainable investing assets by strategy & region in 2020 has been presented in the 
figure below.

Figure 14. Sustainable investing assets by strategy & region 2020. Source: [41]

The United Nations Sustainable Development Goals are a call for action by all countries to 
promote prosperity while protecting the planet. They recognize that ending poverty must go 
hand-in-hand with strategies that build economic growth and address a range of social needs 
including education, health, social protection, and job opportunities, while tackling climate 
change and environmental protection [42]. The 17 goals have been presented in the figure below.
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Figure 15. 17 Sustainable development goals. Source: [42]

The Sustainable Development Goals Report is the only United Nations official report that 
monitors global progress on the 2030 Agenda for Sustainable Development. Recent report has 
been published in 2022 and highlights the confluence of crises, dominated by COVID-19, climate 
change, and conflicts, that are creating spin-off impacts on food and nutrition, health, education, 
the environment, and peace and security, and affecting all the Sustainable Development 
Goals. Recent report details the reversal of years of progress in eradicating poverty and hunger, 
improving health and education and providing basic services. It also points out areas that need 
urgent action in order to rescue the SDGs and deliver meaningful progress for people and the 
planet by 2030 [43].

In order to help countries and companies account for, report, and mitigate emissions the 
GHG Protocol has been developed. It was based on a report that identified an action agenda 
to address climate change that included the need for standardized measurement of GHG 
emissions [44]. This standard separates emissions into three scopes:

•	 Scope 1, that addresses emissions from directly owned and managed sources. Emissions 
are released here into the atmosphere as a direct result of a set of activities, at a firm level. 
It is divided into four categories:

•	 stationary combustion (e.g fuels, heating sources) - all fuels that produce GHG 
emissions,

•	 mobile combustion - all vehicles owned or controlled by a firm, burning fuel (e.g. cars, 
vans, trucks),

•	 fugitive emissions - leaks from greenhouse gases (e.g. refrigeration, air conditioning 
units, noting that refrigerant gases are a thousand times more dangerous than CO2 
emissions and companies are encouraged to report these emissions),

•	 process emissions - released during industrial processes, and on-site manufacturing 
(e.g. production of CO2 during cement manufacturing, factory fumes, chemicals) [45].
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•	 Scope 2, that addresses purchased energy including electricity, steam, heating and 
cooling (all energy a company has to acquire to run the business and its facilities), 

•	 Scope 3, that addresses indirect emissions upstream and downstream activities (upstream 
covers the supply chain to acquire materials to produce products, and downstream 
includes the distribution, usage and end-of-life treatment) [31]. Namely, scope 3 emissions 
are all indirect emissions - not included in scope 2 - that occur in the value chain of the 
reporting company. According to GHG protocol, scope 3 emissions are separated into 15 
categories (examples include employee commuting, waste generated, transportation and 
distribution, use of sold products) [45].

Companies reporting their emissions according to GHG Protocol must report Scope 1 and 2 to 
meet the protocol standards. Namely, Scope 1 and 2 are mandatory to report, whereas scope 3 
is voluntary and the hardest to monitor. It is assumed that companies succeeding in reporting 
all three scopes will gain a sustainable competitive advantage [45]. Although reporting on 
Scope 3 is voluntary it is often the largest contributor to total emissions - it is estimated that 
Scope 3 emissions are often five times the amount of the combined Scopes 1 and 2 emissions. 
Implementing a strategy to provide accurate and verifiable carbon footprint data will require 
decomposing the emissions down from company and plant-level estimates to product and 
component-level actuals [31].

Figure 16. Overview of GHG Protocol scopes and emissions across the value chain. Source: [44]
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EU Green Deal Survey [11] performed by PriceWaterhouseCoopers (March 2022, 300 businesses 
in 13 European countries) found that 49 percent of businesses are prepared for the EU 
Green Deal, 66 percent already earmarked capital for sustainability and 51 percent intend 
to shift their supply chain near term. Unfortunately, only fewer than half of organizations 
surveyed are familiar with the EU Green Deal. It was found that sustainability initiatives are 
being undertaken rather on an ad-hoc basis, than as part of an integrated plan. Priorities include 
consuming more clean energy (78 percent of companies), reducing energy consumption 
(60 percent), reducing waste and plastic use (59 percent) and cutting carbon emissions (59 
percent). For the surveyed companies, manufacturing (44 percent), distribution (27 percent) 
and procurement (18 percent) generate the highest emissions and are therefore the focus of 
the biggest sustainability efforts.

The PwC survey found that 70 
percent of organizations have 
investigated ways to refurbish or 
repurpose products with a finite 
lifetime or expected obsolescence, 
including 28 percent doing it to 
a great extent and 42 percent to 
some extent. These organizations 
are more likely to be those who 
are familiar with and/or prepared 
for the implementation of the EU 
Green Deal. Moreover, 50 percent 
of respondents indicated that 
they are making efforts to reduce 
the amount of hazardous waste 
generated by their production 
processes and to increase the 
amount of waste being recycled [11].

Figure 17. Priorities guided by environmental tax impacts, PwC 
EU Green Deal Survey. Source: [11]

_Status of implementation of
concepts and regulations
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Figure 18. Efforts to reduce the amount of hazardous waste produced and/or increase  
the amount of waste that is recycled, PwC EU Green Deal Survey. Source: [11] 
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The automotive businesses and operations currently in majority follow a linear approach, meaning 
that once a vehicle reaches its end-of-life, many of the components of the car will end up in landfills. 
Eurostat (2021) reported that the end-of-life vehicle weight had reached 5,2 million tonnes by the 
end of 2015 just in the European Union alone and increased to 6,9 million in 2019. More than 260.000 
tonnes of automotive components were disposed of and sent to landfills without any further 
processing. OECD estimates that following the same trend of mining and using metal, minerals 
and energy, by 2060 we would require double the amount of resources to meet the global needs. 
Therefore, the Circular Economy has emerged as an approach addressing the environmental crisis 
at all levels [20].

In 2015, the European Commission adopted the circular economy action plan. Consisting of 
concrete and ambitious actions, with measures covering the whole life cycle: from production 
and consumption to waste management and the market for secondary raw materials and 
a revised legislative proposal on waste, it was planned to help stimulate Europe’s transition 
towards a circular economy, boost global competitiveness, foster sustainable economic growth 
and generate new jobs. In 2019 it has been reported that all 54 actions have been adopted 
or implemented [48]. From a little-known concept from the late 20th century, the circular 
economy is now recognized by the European Union as an “irreversible, global mega trend” and 
became the component of the European Green Deal [49]. Over 10 billion EUR in public funding 
have been allocated to the transition by the Commission in the 2016-2020 period, including:

•	 “1.4 billion EUR from Horizon 2020 (until 2018), to circular economy projects addressing 
areas such as sustainable process industries, waste and resource management, closed 
loop manufacturing systems or the circular bio-economy, with 350 million EUR specifically 
for making plastics circular,

•	 at least 7.1 billion EUR from Cohesion Policy, of which 1.8 billion EUR for uptake of eco-
innovative technologies among SMEs and 5.3 billion EUR to support the implementation 
of the EU waste legislation, with additional support being made available through the 
so-called smart specialization strategies of EU regions and Member States, for market-led 
innovation and deployment,

•	 2.1 billion EUR through financing facilities such as the European Fund for Strategic 
Investments and Innovfin,

_Circular economy and
its elements
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•	 at least 100 million EUR invested through LIFE in more than 80 projects contributing to  
a circular economy” [50]. 

Some of the automotive brands have been recently performing several actions with the purpose 
to transition to a circular economy. It has been presented in the table below.

Table 2. Automotive brands that have been recently performing actions with the purpose  
to transition to a circular economy. Source: own elaboration on the basis of [20]

Circular economy is considered as one of the most effective ways for the automotive 
industry to become more sustainable, covering many key areas of sustainability, from 
supply chain to recycling, procurement and after-sales. Not only car manufacturers but 
also suppliers are included in analysis. For example Michelin reuses 85% of old tires by 
rethreading them at its UK factory, saving 60kg of carbon emissions per tire [51].
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No single person, but business leaders can support efforts of their own organizations’ 
climate transformation, engage employees in actions, advocate for external organizations’ 
taking steps to fight climate change, and collaborate and innovate on sustainability 
solutions across industries and disciplines. Referring to research performed by Deloitte 
perception of and concern for climate change among business leaders is increasing from one 
year to another. Of the 2.083 C-level executives who responded to the survey in September 
and October 2021 (polled respondents from 21 countries: 44 percent from Europe/South Africa; 
31 percent from the Americas; and 24 percent from Asia Pacific, all major industry sectors), 79 
percent see the world at a climate change tipping point - a number that was 59 percent in 
a similar Deloitte survey taken 8 months before (in early 2021). 88 percent agreed that with 
immediate action, the worst impacts of climate change can be limited. That figure was 
63 percent in the previous survey. Over 66 percent claimed that their organizations are 
using more sustainable materials and increasing the efficiency of energy use. More than 
50% have adopted energy-efficient or climate-friendly machinery, technologies, and 
equipment. And a majority are intentionally reducing air travel. 19 percent of the surveyed 
leaders are implementing at least 4 of the 5 following actions:

•	 developing new, climate-friendly products or services,

•	 requiring suppliers and business partners to meet specific sustainability criteria,

•	 updating or relocating facilities to make them more resistant to climate impacts,

•	 incorporating climate considerations into lobbying and political donations,

•	  tying senior leader compensation to sustainability performance [53].

It is worth noting that leaders pointed out obstacles that they face on their way to sustainability. 
They include as follows:

•	 difficulty measuring environmental impact (30 percent),

•	 insufficient supply of sustainable or low-emissions inputs (27 percent),

•	 too costly (27 percent),

•	 focus on nearterm business issues/demands from investors/shareholders (25 percent),

•	 the magnitude of change needed is too large (24 percent) [53].

_Implementation at
organization level
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Figure 19. Figure source: [53]

Figure 20. Figure source: [53]

In recent years the automotive industry continues to improve its sustainability, reducing energy 
use, sourcing more responsibly and increasing recycling. The environmental performance of 
the products continues to improve. Huge progress has been made in all areas of the vehicle 
lifecycle, in terms of product and production decarbonisation, resource preservation and 
local air quality improvements. Total energy (gas, electricity and oil) consumed by vehicle 
manufacturers was down 7,9 percent to 2,8 GWh in 2021, however due to reduced volume of 
vehicles produced the energy per vehicle rose by 4,5 percent year-on-year to 3.185 kWh. The rise 
in energy costs have ensured that energy has become an increasingly significant issue for the 
automotive industry. Energy is typically the second largest ‘in-house’ manufacturing cost, after 
labor, and so is critical to competitiveness [54].

The value of used electricity is dropping and in the recent year-to-year performance dropped 
39 percent. It influences CO2 emissions that are calculated based on the official conversion 
factors for each energy stream used by manufacturers. Total CO2 produced (tonnes) from vehicle 
manufacturing and other operations was down -12,8 percent, while CO2 per vehicle produced 
dropped -1,2 percent to 0,63 tonnes due to further grid decarbonisation. Overall, it is -42,6 percent 
lower than in 1999. Green energy value of all the electricity used in 2021 was 44,6 percent [54].
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Leaders of the automotive industry admit to using more and more sustainable resources 
while building healthy ecosystems for future generations. Activities range from small-scale 
local projects (i.e. investing time and resources in conserving the flora and fauna in their locality), 
to more extensive collaborations that have a wider significance and are helping to preserve and 
even improve the local ecosystem [54].

Total water consumed by the signatories was down -17,3 percent in 2021 year-on-year, while 
water consumed per vehicle dropped by -6,3 percent, due to increased efficiency despite  
a much reduced volume of vehicles produced. Waste to landfill per vehicle dropped -2,6 percent 
year on year to 1,3 kg per unit. In 2021 83,1 percent of waste was recycled, while 15,2 percent was 
reused or recovered [54].

Figure 21. Energy usage vs production. Source: [54] Figure 22. Total VM per vehicle CO2. Source: [54]
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_Industrial sectors ready for Green PLM on the example of 
automotive industry (automobiles, parts, services)

Sustainable industrial development has been one of the main issues of interest for all countries 
since the 50th of the XX century [56]. According to Vaz et al. sustainable measures, including 
corresponding indicators, require certain investments in research and development as well as 
a certain time frame until they can be adopted as a new paradigm of production [57]. Javaid et 
al. underline that “sustainable manufacturing seeks to integrate into the industrial sector the 
fundamental values of sustainable development. It contributes to increased environmental, 
social, and economic efficiency. (...) Worldwide, manufacturers are pressurised to reduce their 
environmental effects. It involves learning the incoming requests, identifying and applying 
environmentally-friendly activities that are most appropriate, and tailoring them to meet the 
industry needs”[58]. The Product Environmental Footprint (PEF) has a profound impact on the 
environmental sustainability, however most of the existing PEF models fail for product life cycle 
[59]. In 2018 the European Commission launched Single Market for Green Products Initiative and 
in 2021 proposed the Product Environmental Footprint (PEF) and Organisation Environmental 
Footprint (OEF) methods as a common way of measuring environmental performance [60]. PEF 
method for modelling the environmental impacts of the flows of material/energy and resulting 
emissions and waste streams associated with a product from a supply chain perspective (from 
extraction of raw materials, through use, to final waste management) [61]. OEF is calculated 
using aggregate data representing the flows of resources and wastes that cross the defined 
organisational boundary [62]. The final Product Environmental Footprint Category Rules 
(PEFCRs) and Organisation Environmental Footprint Sector Rules (OEFSRs) can be used 
for calculating the Environmental Footprint profile for products and organisations in scope. 
According to European Commission, within the Environmental Footprint impact categories 
groups of indicators were selected:

•	 Climate change

•	 Ozone depletion56

•	 Human toxicity - cancer effects

•	 Human toxicity - non-cancer effects

_Assessment of the possibility
of using existing databases -
a report containing an assessment of the
identified indicators
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•	 Particulate matter

•	 Ionizing radiation HH

•	 Photochemical ozone formation

•	 Acidification

•	 Eutrophication - terrestrial

•	 Eutrophication - freshwater

•	 Eutrophication - marine

•	 Ecotoxicity - freshwater

•	 Land use

•	 Water scarcity

•	 Resource use, mineral

•	 Resource use, energy carriers

PEF Life cycle stages assessment should cover (as a minimum) stages:

1.	 Raw material acquisition and pre-processing (including production of parts  
and components);

2.	 Manufacturing (production of the main product);

3.	 Distribution (product distribution and storage);

4.	 Use;

5.	 End of life (including product recovery or recycling).

Marcon et al. indicate that among products having sustainable attributes - apart from food, 
clothing, and housing, - automobiles have been investigated most often [63]. Analysis of 
different sectors shows that the automotive industry is crucial from an environmental point 
of view - according to the publication of the United Nations Environment Programme (UNEP) 
referring to the “Resource Efficiency and Climate Change: Material Efficiency Strategies for  
a Low-Carbon Future” report: “producing and using materials more efficiently to build 
passenger cars and residential homes could cut CO2 equivalent emissions between 2016 and 
2060 by up to 25 gigatons across the Group of Seven (G7) member states” [64]. According 
to [65] road transport contributes heavily to the overall environmental impact as it causes 
approximately 20% of greenhouse gas (GHG) emissions. The European Commission in the 
“sustainable and smart” mobility strategy is expecting to have at least 30 million zero-emission 
cars on European roads by 2030 [66]. Hannon et al. notice that although powertrains electrify 
to meet these expectations, in fact, the largest contributor of automotive carbon emissions will 
come from vehicles’ material production - at least 30% by 2030 [66]. The analysis focused on the 
automotive industry shows that the implementation of changes related to material efficiency 
may positively affect reductions of greenhouse gas emissions in light-duty vehicles - according 
to research presented in [67] emissions from the production of materials for the manufacture 
of cars could be reduced by 30% to 70% in 2050. Thus it is crucial for the automotive industry 
and the Original Equipment Manufacturers (OEMs) in particular to radically redesign their 
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products and processes. Car producers facing strong regulatory pressure for sustainability will 
have to reduce resource consumption in production, improve the recyclability of materials, and 
reduce tailpipe emissions during operation [65]. Therefore, what is expected in the first place 
is transparency: “manufacturers must create transparency on the emissions embedded 
in their upstream activities”[66]. Moreover, automotive companies will have to shift toward 
sustainable design, investment in clean technologies, and value creation for local and global 
communities [65].

Figure 23. Footprints definitions; source: [66]

In order to ensure the transparency about the greenhouse gas (GHG) emissions of products,  
a number of methodologies have been developed. In general they can be divided in two main 
groups (all listed standards are based on the principles of ISO 14040 and ISO 14044) [68]:

•	 Single-issue methodologies, covering only emissions and impacts related to climate 
change:

•	 The ISO 14067 standard - the international reference standard for conducting PCF,

•	 National standards (e.g. PAS 2050 developed by the British Standards Institute - 
considered the first carbon footprint standard used internationally),

•	 The GHG Protocol Product Standard;

•	 Methodologies that have a broader scope, covering environmental issues beyond climate 
change:

•	 The Product Environmental Footprint (PEF) - EU-recommended method to perform 
LCA,

•	 National standards (e.g. BP X30-323-0),

•	 EN 15804 - the European standard providing core product category rules for all 
construction products and services.
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The concept of “water footprint” was initially introduced by Hoekstra. The water footprint is 
divided into three main categories [67]:

•	 blue water footprint - “the volume of surface and groundwater consumed (evaporated) 
as a result of the production of a good”,

•	 green water footprint - “the rain water consumed”,

•	 grey water footprint - “the volume of freshwater that is required to assimilate the load of 
pollutants based on existing ambient water quality standards”.

Hirz and Brunner point out that eco-design in the automotive industry requires a com-
prehensive consideration of numerous influencing factors [68]. According to Javaid et al. 
implementation of new manufacturing technologies (e.g. additive manufacturing) that enable 
the production of parts that can replace complicated assemblies saves material [58] and 
makes vehicles lighter parts for better fuel economy. Thus, manufacturing processes become 
less difficult than for example stamping and welding. Similarly, different lightweight materials 
(e.g. aluminium) are used to replace steel [68]. In consequence, manufacturers can become 
more sustainable by finding ways to use fewer resources and content [58]. From the PLM 
point of view, there is an urgent need to define corresponding indicators that will be able to 
measure, track, monitor and assess these changes in order to appropriately follow guidelines of 
sustainable manufacturing. One of the key aspects in terms of energy consumption reduction 
in the automotive industry is reducing the weight of a car [70]. Apart from lightweight, the 
most common approaches implemented by OMEs in terms of designing are [65]:

•	 manufacturing processes/technologies optimization,

•	 vehicle assemblies/components redesign,

•	 more efficient materials usage.

Results of the study performed by Vaz et al. show that the automotive industry in order to 
reduce the environmental impact associated with production has focused on [57]:

•	 outsourcing renewable and recycled materials,

•	 implementing clean technology and environmental management systems in individual 
manufacturing sites and throughout the supply chain,

•	 reducing material inputs,

•	 changing manufacturing processes to reuse byproducts and, where possible, alternative, 
less toxic materials,

•	 seeking technological alternatives to the internal combustion engine (ICE).

Similarly, the analyses presented in the above-mentioned report on “Resource Efficiency 
and Climate Change: Material Efficiency Strategies for a Low-Carbon Future” show that the 
following material cycle improvements should be implemented in the automotive industry to 
reduce negative environmental impact [67]:
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•	 increased fabrication yields and fabrication scrap diversion,

•	 light-weighting of vehicles through a shift from steel to aluminium,

•	 lifetime extension and increasing the reuse of parts and recycling of materials from end-
of-life vehicles.

According to Ciceri et al., the above assumptions can be met by implementation of the 
Sustainable Engineering concept, which is understood as “as a layer of engineering oriented 
approaches, methods and tools crossing the four pillars of Society, Economy, Environment 
and Technology for achieving sustainability oriented results.” In practice, it means applying 
scientific knowledge to the design and implementation of products, materials, technologies and 
processes, taking into account the specifics of each of the 4 pillars of sustainable development 
in order to create solutions for design, operational and organizational activities related to 
products, processes, services and culture in the manufacturing sector [71].

Figure 24. Pillars of sustainable development; source: [71]

Nowadays, without a doubt, sustainable development is becoming to play a critical role in 
the automotive industry. Apart from merely an economic point of view, also ecological and 
societal aspects are taken into account by customers and regulations, and thus have to be 
deeply considered by car producers [70]

•	 Ecology-related factors focus on: 

•	 the consumption of energy, 

•	 the consumption of resources, 

•	 the effects of produced substances and influences on the environment; 

•	 Society-related factors take into account: 

•	 the involvement of staff, 

•	 the influences on the general society.
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The above-mentioned need to be considered during the entire life cycle of an automobile [70]:

•	 conception phase,

•	 development phase,

•	 production engineering phase,

•	 manufacturing phase,

•	 in-use-phase,

•	 recycling and disposal phase.

The figure below presents the key steps in the lifecycle of a car clustered in main phases. 
Moreover, the influences from society, ecology and economy are highlighted [70].

Figure 25. Lifecycle of a car and influencing factors; source: [70]

The first phases during which the design of new products and related production and 
organizational processes takes place are of particular importance. Decisions made at this 
stage affect all the above-mentioned phases. Sustainable product design means designing 
products and processes that meet the following requirements [72]: 

•	 The raw material obtained meets the environmental and social criteria.

•	 In the supply chain, all parties involved ensure that distances are kept as short as possible 
and arrange only absolutely necessary transport. 

•	 The products are designed to have a maximum service life. 

•	 The products are also designed to be easy to repair (“refurbishing”) and reusable in the aftermarket. 

•	 They can be repaired and upgraded, for example by replacing components.
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Development of the new digital factories and pressure from the legislators require 
adjustment of existing PLM systems. They need to support the companies in terms 
of collaborative processes and workflows to enhance sustainable information sharing.  
According to Belkadi et al., the key challenge in this context is not only the definition of 
information flow between all involved entities in the sustainability process but also 
the mapping of information between different production lifecycle phases [73]. In the 
investigated area a number of definitions have been developed to better precise the emerging 
area, including:

•	 Sustainable products [74],

•	 Closed Loop Lifecycle Management (CL2M)[75]

•	 Green Information Systems [75],

•	 Sustainable PLM [75],

•	 Intelligent Products [75].

A figure below presents the above-mentioned terms with corresponding definitions:

Figure 26. Definitions related to Green PLM; source: [74], [75]
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In terms of sustainable products a number of indicators can be considered in order to provide 
the customers with the appropriate assurance and information about their sustainability 
performance, for example [74]:

•	 Sustainability labels:

•	 organic,

•	 fair-trade,

•	 non-GMO;

•	 Narrative claims and physical appearance:

•	 bio-degradable packaging,

•	 less packaging.

According to Främling et al. Sustainable PLM can be defined as a type of Closed Loop 
Lifecycle Management (CL2M). The key feature is the possibility to connect Intelligent 
Products with each other and at the same time with other information systems. The systems 
that are called Green Information Systems (Green IS) aim at reducing environmental impacts 
[75]. Their focus is to reduce ”the production of CO2 and other greenhouse gases through new 
combinations of people, processes, and technologies that enable the processing of digitized 
information”[75]. Främling et al. underline that the main purpose of CL2M is to constantly 
improve design, manufacturing, use and end-of-life handling of products, in order to obtain 
“improved quality, less breakdowns, reduced need for spare parts and ensuring an operation 
that is continuously maintained at the most energy- and resource-efficient level”[75]. 
According to Främling et al. Sustainable PLM should be understood as CL2M for the purpose 
of improving environmental sustainability during all phases of the lifecycle. A key issue in 
terms of Sustainable PLM is related to measurement of environmental sustainability and ways 
to improve it. Therefore, it is crucial to measure, gather, and analyse data and corresponding 
indicators which can be a firm basis and a trigger for companies in their shift towards green 
production. A helpful approach in this process is LCA, which stands for Life Cycle Assessment 
or Life Cycle Analysis defined a methodological framework for estimating and assessing the 
environmental impacts attributable to the life cycle of a product [75]. According to Främling et 
al., it is hard to extend and / or adapt existing ERP systems to the requirements of Sustainable 
PLM. Främling et al. state that “it is likely that an easier, safer, and more scalable approach is 
to develop and increase the use of Intelligent Product-based information systems separately 
and communicate with stock-based information systems using their own external interfaces. 
The multi-organizational, multi-manufacturer, etc., reality and requirements of Sustainable 
PLM can only be met in a scalable way if ad hoc, loosely coupled interoperability between 
devices and other information systems is technically easy and economically feasible enough. 
Failing to recognize the importance of loosely coupled integration can delay the speed of 
evolution and adoption of Sustainable PLM” [75].

According to Vila et al. a Green PLM strategy should be composed of Mission, Vision and 
Objective as presented in the Figure below:
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Figure 27. Figure Green PLM strategy; source: [56]

The figures below represent approaches (56) to product lifecycle with green competencies [56], 
(57) Green Product Lifecycle Framework [56], and (58) a framework of green product attributes’ 
groups divided into product life cycle phases [63].

Figure 28. An approach to product lifecycle with green competencies proposed by Vila et al.; source: [56]

According to Vila et al. Green Product Lifecycle Framework should be composed of 3 main 
phases [56]:

1.	 Design-Development phase, focused on Eco Design and Green Development, 
composed of:

•	 Strategic Planning,

•	 Conceptual Design,

•	 Embodiment Design,
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•	 Detail Design,

•	 Manufacturing Plan;

2.	 Manufacturing phase, focused on Green Manufacturing and Sustainable Production, 
composed of:

•	 Storage Package,

•	 Assembly,

•	 Production,

•	 Production Control,

•	 Resource Management;

3.	 Service phase, focused on Sustainable Logistics, Product Special Response and 
Respon-sible Use and Maintenance, composed of:

•	 Logistics,

•	 Sales,

•	 Delivery,

•	 Client Service,

•	 Reduce/ Reuse / Retire / Recycle;

Figure 29. An approach to Green Product Lifecycle Framework proposed by Vila et al.; source: [56]

For each of the 3 above-mentioned phases, Vila et al. propose an approach based on dedicated 
methods, tools and knowledge, as follows [56]:
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1.	 Design-Development phase:

•	 Methods:

•	 Design for environment (Eco Design)

•	 Eco-standards application

•	 Tools:

•	 Eco CAD/ CAE/ CAM tools

•	 Lifecycle management tools (PLM)

•	 Knowledge:

•	 Product lifecycle assessment

•	 Materials and process selection

2.	 Manufacturing phase:

•	 Methods:

•	 Design for sustainable manufacturing

•	 Green Supply chain management

•	 Tools:

•	 Green manufacturing

•	 Intellignet/ smart sensors/ controls

•	 Green energies

•	 Knowledge:

•	 New materials

•	 New manufacturing technologies

3.	 Service phase:

•	 Methods:

•	 Design fo Sustainable Maintenance

•	 Sustainable service system

•	 Tools:

•	 Product Usefulness Time Control

•	 Sustainable Use Scorecard

•	 Knowledge:

•	 Energy consumption (CO2 impact)

•	 Maintenance and care.

Marcon et al. propose another framework for a green product (figure below). They divided green 
product attributes’ groups into 3 main product life cycle phases, namely - (56) Production, (57) 
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Use and (58) End-of-life [63].

Figure 30. A framework of green product attributes’ groups divided into product life cycle phases  
proposed by Marcon et al.; source: [63]

Table 3. Importance of intrinsic and extrinsic attributes for the purchase decision of cars and furniture; Source: [72]
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The literature research shows that in many studies, indicators and concepts for sustainable 
development have been explored and defined based on five dimensions: economics, ecology, 
society, technology and performance management. Many organizations are making some 
efforts in this regard. The result of the work carried out by the United Nations Environment 
Program (UNEP) and the US NGO is the Global Reporting Initiative (GRI), which defined more 
than 100 indicators and focused on the first three dimensions. Another effort of the National 
Institute of Standards and Technology (NIST) is the Repository of Sustainable Production 
Indicators (SMIR), which defined widely available sets of indicators and focused on five 
dimensions.

Also, academia and research centres have carried out and are carrying out a lot of research 
on this subject. Based on the analysis of the results of the above-mentioned activities, it is 
possible to define an initial general division of indicators that determine the sustainability of 
the product [77].

Table 4.c. Successful sustainability indicators.

Regarding ecology, in 2012, the European Commission proposed a multi-standard indicator, 
named as product environmental footprint (PEF), to measure the environmental performance 
of a product throughout life cycle [78]. PEF assessment system contains 14 impact types: climate 
change, ozone depletion, ecotoxicity - freshwater, human toxicity - cancer effects, human 

_Identification and
analysis of indicators
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toxicity - non-cancer effects, inhalable inorganics, ionizing radiation, photochemical ozone 
synthesis, acidification, eutrophication - land, eutrophication - water body, water consumption, 
minerals and fossils consumption, as well as land transfer. He et al. developed a method to 
evaluate these impacts on product lifecycle that can be applied in product development in 
various industries [59].

Khan et al. proposed a life cycle indexing system — LInX, which facilitates the LCA application 
in process and product evaluation and decision-making [79]. It covers four main groups of 
indicators: environment, health and safety (EHS), cost, technical feasibility, and socio-political 
factors. Each of the group was divided into more specific attributes:

1.	 Environment, health and safety:

•	 	 Resource depletion;

•	 	 Greenhouse effect;

•	 	 Ozone depletion;

•	 	 Acidification potential;

•	 	 Oxidation potential;

•	 	 Mass of air pollutants released;

•	 	 Mass of water pollutant released;

•	 	 Mass of solid waste disposed;

•	 	 Human health risk;

•	 	 Ecological risk;

•	 Safety risk;

2.	 Technology

•	 	 Technical Feasibility;

•	 	 Process conditions;

•	 	 Energy efficiency;

•	 Human–machine interaction;

3.	 Cost house

•	 	 Fixed cost;

•	 	 Operation and maintenance cost;

•	 Health, safety, and environment cost;

4.	  Socio-political house

•	 	 Socio-political acceptance;

•	 	 Vulnerability of area;

•	 Social impacts.
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According to Hirz and Brunner four main groups of influencing factors on a car’s life cycle 
performance can be distinguished [70]:

1.	 Technical specifications:

a.	 Vehicle type, size and weight, 

b.	 Propulsion technology,

c.	 Vehicle technology,

d.	 Materials,

2.	  Supply of resources and energy:

a.	 Type and amount of energy for production and use,

b.	 High-/low impact materials,

3.	 Raw-materials:

a.	 Production and recycling technology

b.	 Efficient production, supplier and logistics processes,

c.	 Design for recycling,

d.	 Recycling technologies,

4.	  In-use phase:

a.	 Transportation demands,

b.	 User profiles, driving behaviour,

c.	 Fuel- and energy consumption,

d.	 Maintenance and service effort.

The following table comprises measures for Eco-design divided into phases proposed by 
Staniszewska et al. [80].
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Figure 31. Measures for Eco-design divided into phases proposed by Staniszewska et al.; source: [80]

Zhao et al. focused on the following sustainability-related indicators [81]:

•	 “GRI (Global Reporting Initiative) Sustainability Indicator - In 1997, the United Nations 
Environment Programme (UNEP) together with the United States nongovernmental 
organization, Coalition for Environmentally Responsible Economics (CERES) launched 
the GRI with the goal of “enhancing the quality, rigour and utility of sustainability 
reporting”[82]. Reporting is therefore the strong focal point of the guidelines. The 
GRI uses a hierarchical framework in three focus areas, namely social, economic, and 
environmental. The hierarchy consists of categories, aspects, and indicators. The guideline 
contains more than 100 indicators. However, not all the indicators are easy to evaluate and 
no guidance is given on how to choose between the indicators[83]. The guideline does, 
however, indicate what should be considered at a lower level, i.e. operational or project 
level within the company, especially if the company reports on sustainability using the GRI 
principles”[84].
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•	 “The Institution of Chemical Engineers (IChemE) published a set of sustainability 
indicators in 2002 to measure the sustainability of operations within the process 
industry. The IChemE provides standard reporting forms and conversion tables [85]. This 
framework is less complex and impact-oriented. However, the framework strongly favours 
environmental aspects, as well as quantifiable indicators that may not be practical in all 
operational practices, e.g. in the early phases of a project’s life cycle [86]”.

Zhao et al. based elements associated with sustainable development on GRI reports and 
IChemE reports [87]. According to figure below, the elements of sustainable development for 
sustainable PLM are divided into environmental, economic, and social indicators.

Figure 32. Sustainability indicators for sustainable PLM; source: [81]
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