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Resumo

A produção industrial é um motor para a economia global. A sua abrangência e enorme in-
fluência na economia provocam a necessidade de criar regulamentação e controlo. Conceitos como
sustentabilidade e responsabilidade ambiental emergem, impondo limites na produção, de forma
a que a qualidade de vida possa ser mantida. Reúnem-se três pilares que suportam o desenvolvi-
mento sustentável: competitividade económica, responsabilidade social e impacte ambiental. A
presente dissertação aborda o impacte ambiental contextualizando-o através da competitividade
económica.

Atendendo a que o desenvolvimento industrial se tem vindo a tornar um assunto massivo,
aumentar a competitividade económica neste setor é uma via para a redução dos impactes ambi-
entais negativos. A rotulagem ecológica tem vindo a manifestar-se um modo seguro para atingir
esse objetivo. A mesma promove a competitividade demonstrando às empresas ser um fator de
peso nas decisões de compra, movimentando a economia. Por outro lado, a obtenção de etiquetas
implica que as características ecológicas dos produtos ou serviços sejam comprovadas. Um pro-
duto que contribua para a redução do impacte ambiental, sem sacrificar as suas funcionalidades é
um produto eco-eficiente.

Contudo, rotulagem não é um assunto simples nem inequívoco e dependente muito do produto
em questão. O objeto de estudo do presente projeto é uma máquina industrial de testes de stress
ambiental em peças, produzida pela Controlar, Innovating Industry. Este projeto expõe e explora
fatores-chave para atingir a sustentabilidade e eficiência deste produto, bem como os vários tipos
de etiquetas ambientais normalizadas. É assim um ponto de partida para a certificação de eco-
eficiência do objeto de estudo.

Começando por um estudo aprofundado de ferramentas e métodos para a sustentabilidade,
passando pela análise de opções e respetivos critérios, procedimentos e benchmarking, este projeto
culmina na proposta de uma Declaração Ambiental de Produto que potencia as características
ambientais do produto através da análise do seu ciclo de vida.

Palavras-chave: Declaração ambiental de produto, eco-eficiência, KPI, máquinas industriais,
rotulagem ecológica.
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Abstract

Industrial manufacturing is a key driver for the global economy. Its broadness and huge in-
fluence in economy awakes the need for regulation and control. Concepts as sustainability and
environmental responsibility started to appear in order to enforce manufacturing boundaries so
that human natural living conditions can be maintained. Three pillars are put together to support
a sustainable development: economic competitiveness, social conditions and environmental im-
pacts. The present dissertation approaches environmental impacts by contextualizing them within
economic competitiveness.

As manufacturing is becoming a massive issue, increasing economic competitiveness within
industrial sectors is a way to reduce harmful environment impacts. A solid way to achieve this
goal is through eco-labelling procedures. It approaches the competitiveness side by showing com-
panies the need to apply labels as they are a relevant factor for purchasing decisions and as such
increasing economical flows. On the other hand, in order to be awarded with eco-labels, products
and services must prove their eco-features. A product that contributes to environmental impact
reduction without compromising its functionalities is an eco-efficient product.

However, the eco-labelling is not a simple and straightforward subject to cope with and strongly
depends on the product. The object of the present study is an industrial machine that perform en-
vironmental stress tests on a workpiece, produced by Controlar, Innovating Industry. This project
exposes and explores key factors to achieve sustainability and product’s efficiency, as well as the
several types of normalized environmental labels. In this way, it is a starting point to the eco-
efficiency labelling of the study object.

Starting with a comprehensive study of tools and methods to become sustainable, through
the analysis of options, its criteria, procedures and benchmarking, this project culminates on a
proposal of an Environmental Product Declaration that potentiates the products’ environmental
features, throughout its life cycle.

Key-words: Eco-efficiency, eco-labelling, environmental product declaration, industrial ma-
chines, KPI.
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“However difficult life may seem,
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Chapter 1

Introduction

The present document was developed under the scope of a project proposed to the Faculty of

Engineering as a dissertation for the Integrated Masters in Electrical and Computers Engineering.

The proposal was made by CONTROLAR, Innovating Industry, henceforth mentioned as CON-

TROLAR, a company specialized in the automotive sector. With this work CONTROLAR aimed

to prepare a framework to achieve eco-efficiency certification of their industrial machines.

1.1 Structure

This document is structured in six chapters which include information according to an inter-

connected and logical flow of the subjects.

• Chapter 1 Introduction: introduction to the main subject, its scope and goals, approach to

the project planning and methodologies;

• Chapter 2 Industrial framework: a general framework of the information to the main

subject. It’s a starting point and a general framework of all issues related to the main subject.

The information addressed might be directly or indirectly related to the subject, although

it is relevant to be mentioned. As such, information on sustainability, energy programs,

automotive industry and test machines are approached;

• Chapter 3 Sustainable manufacturing and eco-innovation: an in-depth study, based on

thoroughly bibliographic research of the key subjects, to create and develop eco-innovation

practices, such as life cycle assessment, indicators’ type, benchmarking and policies.

• Chapter 4 Eco-labelling: description of the main goals of eco-labelling schemes, policies

and applicable legislation. Types of eco-labelling are described and completed by cases

presentation.

• Chapter 5 Eco-innovation methodology proposal: proposed methodology to obtain an

efficiency certification. Options are analysed, including their criteria and proceedings. A

SWOT analysis is also included along with discussion and recommendations.

1



2 Introduction

• Chapter 6 Conclusions and future work: general review of the work , goals fulfilment

analysis and presentation of ideas for the future work in order to give continuity to this

project.

1.2 Controlar, Innovating Industry

CONTROLAR, founded in 1995, has 21 years of market and has been developing and growing

in a sustainable way and oriented to its customers’ satisfaction. Its infrastructure is located in

Alfena, Porto and has around 1000m2 and this year will grow 700m2 more [1]. It is a SMEs

company with a staff of almost 70 people. The core business is the development and building of

hardware and software mostly to the automotive industry. An important knowledge and experience

in functional tests systems and quality of electronic devices is being acquired everyday.

The starting phase of CONTROLAR was directed to the auto-radios, later expanding to the

construction of machines for verification of workpiece production, checking its quality and moni-

toring its performance. Since 1999, CONTROLAR diversified its business into three main areas:

test systems, the core business of the company, automation systems and auto-ID systems. In 2010

the company reinforced its quality system, by being now certified with the ISO 9001:2015 stan-

dard. In the recent years there has been some serious investment on the research, development and

innovation department, including the certification with the standard NP 4557:2007. CONTRO-

LAR also adopted the proceedings stated on ISO 14001:2015 of environmental management and

obtained the certification.

In what concerns the test systems sector, the goal is to monitor and control data to verify

electronic devices’ quality. This sector encloses activities such as assembling and testing electronic

components, developing automatic test equipment and monitoring its durability and quality in

climatic, vibration and noise chambers tests.

The automation sector is based on the development and integration of industrial automation

solutions which includes the conception, engineering and construction of mechanical parts. The

most relevant subjects are the industrial electrical installations, machines and production lines, and

the software development to control and monitor the processes in the production system.

The third sector, auto-ID includes the development and commercialization of automatic iden-

tification solutions, such as bar codes and images readers.

1.3 Motivation

There is today a growing concern about environmental impacts, scarcity and waste of re-

sources and its long-term consequences. A growing number of programs against this problem

are being launched at organisational, national and world levels. Those programs intend to limit

the boundaries for atmospheric emissions, resources extraction and use of energy sources by cre-

ating procedures, legislation, methods and milestone values of energy consumption. Programs’
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first concern is the energy extraction and consumption restructuration. Legislation terms motivate

companies to comply with standards and to become more competitive in the market.

CONTROLAR, along with its core business, targets the technological vanguard and the prof-

itability from resource efficiency (energetic, economic, environmental, etc.)

CONTROLAR is strongly motivated to reduce its environmental impact and increase energetic

efficiency. With the goal of defining a solid environmental policy, it embraced the environmental

certification by adopting the ISO 14001:2015 standard. Currently, the company intends to provide

information about energy consumptions of its products to its clients. Also, it aims at defining

milestones to reduce that consumptions’ impacts.

1.4 Goals

Initially the project had an aim that was lately adapted to the time schedule of this dissertation,

and that was readjusted along its development. The former idea was to collect and prepare the

necessary data, such as analysing the energy performance, defining and calculating the KPIs (Key

Performance Indicators), proposing improvements to the machines’ efficiency in order to drive the

administrative procedure towards an eco-efficiency certification. Soon it was concluded that this

aim would not be achievable within the time frame of this project. The new goal was the defined:

building a solid theoretical support to advise the most suitable path for the eco-certification proce-

dure and create the basis to start it. As such, this dissertation has to be considered as the first step

of the eco-certification procedure of the FCT50 machine.

In these circumstances, the following main goals were proposed:

• In-depth analysis and market study within the industrial sector relevant to the subject. Iden-

tification of international classifications of manufacturers in the automotive industry;

• Research, identification and analysis of patents, scientific articles and current legislation,

national and European, relevant to the subject;

• Adaptation and transcription of the research to the company’s machines to identify relevant

aspects of eco-efficiency and eco-labelling;

• Methodology proposal to achieve an eco-efficiency certification.

1.5 Methodology

An exhaustive research was made through diverse bibliographic sources, such as patents, sci-

entific articles, legislation and benchmarking. This last one refers to the investigation of companies

with similar products, which already implemented or have under development, products’ energy

certification processes. The methodology consisted in register all the key-words used as well as

the research fields filled in the patents and scientific articles investigated. The patents research

was made in the main scientific databases such as Espacenet and Wiko. Concerning the legislation
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field, some standards were made available by the company and the other ones were searched by

reference and obtained at external sources.

After collecting all the information, an analysis and a summary of all the documents studied

was performed, and a new results document was written. Subsequently, there was a presentation

of the various possible solutions to the problem, that included the analysis of the pros and cons

of each hypothesis, resulting on a methodology proposal and advice on which should be the most

advantageous certification procedure for the company.

Figure 1.1: Gantt planning



Chapter 2

Industrial framework

This chapter will start by presenting a general framework on the industrial sector and its con-

tributions to the global economy. It will approach the major nowadays concerns of the industry

and actions being taken to overcome them. Furthermore, specific to the automotive industry, an

explanation on future developments. Afterwords, it narrows down to test machines and types of

stress testing, and finally it presents the object of study.

Nowadays reducing the dependence on oil economies and fossil fuel is an urgent task not only

because of the threat to global climate change but also because of the scarcity of the non-renewable

energy sources [2].

It is a fact that energy is of vital importance in all economies. It is the main input in all pro-

duction processes and also one important consumption good for households, and that’s why it has

a strong impact in most economic variables [3]. As environmental concerns have grown stronger,

policies to reduce emissions have become popular these recent years. They act directly on the

energy production and consumption, which is the biggest problem. Primary energy consumption

is the first stage in the activity of producing energy, and it is also the most unpredictable activity

because it’s affected by a lot of external, environmental and climatic factors. In 2008, Portugal was

one of the few European countries with primary energy production relying entirely on renewable

energies.

With the increasing demand and purchase of energy related products in the market, the con-

sumption of final energy increases. Consequently, arises the need to limit the consumption of those

products by pushing them to achieve efficiency and sustainability. It is important to understand

in which sectors energy is the most required (Figure 2.1) and start by acting on those sectors, to

combat the most urgent issues in first place. Inside the industrial sector, most of the energy is used

in production processes, as expectable, and the biggest consumers are the machines. This leads

countries to a serious environmental emissions concern and sustainability mind set.

The growth of the economic and industrial sectors, brings an increasing global environmen-

tal concern, with topics such as the climatic changes, energetic security and scarcity of the re-

sources (Figure 2.2). Consequently, several concepts such as environmental sustainability, energy

efficiency and eco-innovation are being explored in order to enforce some boundaries and some

5
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advising on the problem [4].

Figure 2.1: Final energy use in the UE by sector (% of total) [5]

Figure 2.2: Sustainability concerns in industry, adapted from [6],

Energy efficiency is a way of managing and restraining the increase in energy consumption.

An equipment more energetically efficient than other delivers more services for the same amount

of input energy [7].

Eco-innovation’s goal is to reduce environmental impacts and achieve efficient and responsible

use of resources. It provides solutions to improve competitiveness by reaching the whole supply

chain of products (Figure 2.3).

About these issues there have been a lot of programs launched and sponsored by entities such

as national governments, the European Commission, policy-makers and groups of international

organisations.
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Figure 2.3: Eco-innovation aspects, adapted from [8]

The OECD (Organisation for Economic Co-operation and Development) project on sustain-

able manufacturing and eco-innovation was launched aiming to accelerate sustainable industrial

production and development of new technologies and solutions to address this problem. It gives

some framework on attitudes to adopt and key aspects to follow when trying to reach eco-innovation

by a continuous improvement approach.

In Portugal is running the “Portugal 2020” program which is an agreement between Portugal

and the European Commission that defines principles for the economic development of the country

until 2020. One of the main focuses of this program is precisely the sustainability and efficient use

of resources.

The program has several defined goals, such as the creation of green jobs, increase of produc-

tivity material, improvement of energy efficiency and boost the share of renewable energies [9].

Despite all the benefits of achieving energy efficiency, some barriers still slow down the progress.

They are explained in the Green Growth Commitment of Portugal [10].

• Costs versus investment: energy efficiency can be interpreted as a cost instead of an invest-

ment, underestimating the income created by it, which should be bigger than the investment;

• Lack of information: traditional mind sets and lack of knowledge cause reduction on the

quantity and quality of promotion strategies and limits competitiveness;

• Discontinuation of public policies: this works as a barrier to the dissemination of energy

efficiency, creating instability in the investments;

• Financing: or the lack of it, is an obstacle to the improvement and development of the

energy efficiency.

This commitment assumes that energy efficiency must be taken as a priority to national energy

policies. As Portugal, most European countries are doing individual efforts to increase their own
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sustainability and eco-efficiency in order to achieve a common goal of productivity and environ-

mental impact reduction, by decreasing resource and energy consumption. As the opportunities

for improvement are so many, they are aggregated in 6 domains [10]:

• Growth: as energy efficiency is a stimulus to the economic growth;

• Innovation: “smart” technologies are the future and join efficiency and innovation;

• Responsibility: being conscious about consumptions, its quantities and resources;

• Information and training: to the general public and inside companies;

• New financing models and new investors: as this is a changing area;

• Internationalization: Portugal has a lot of know-how that can be exported.

Along with these initiatives, the Portuguese program uses a measurement tool that is the “eco-

nomic energy intensity” indicator. It evaluates the national energy consumption against the re-

spective created wealth. The value of this indicator has been decreasing along with the European

average.

2.1 Automotive Industry

It is not clear how cars will change in the coming years, but producers and suppliers in the

automotive industry cannot step away of the transformation and evolution process.

Meanwhile, whether in design or manufacture, automotive companies are handling new tech-

nologies and vehicle concepts that have the potential to transform the whole automobile conception

and production industry. Hints are starting to appear that prove industry’s progression by showing

how the next generation connected car will look like: a vehicle with Wi-Fi, advanced infotainment

system and apps, vehicle to vehicle communications with exchange of safety data such as speed

and position, real-time location services and routing based on traffic conditions and network web

links that facilitate vehicle diagnostics and repairs.

The idea of fully autonomous vehicles is too futuristic for much of the driving public. But

for automotive industry people the path to driverless cars is going to be an exciting period of

transformation. Original equipment manufacturers must upgrade traditional models while taking

part in claims of emerging technologies and improved customer experiences. Companies’ ability

to be at the vanguard of product trends without go against environmental rules will be tested [11].

Currently, the automotive sector provides 12 million workstations, accounts for 4% of the EU’s

(European Union) GDP (Gross Domestic Product) and is the target of the largest private investment

in R&D (Research & Development). This sector is one of the most connected to diverse other

sectors, such as upstream products (steel, chemicals, textile, components and respective testing)

and downstream ones (repair, maintenance, mobility services).
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The EC (European Commission) has been doing some work on global technical harmonization

of the automotive industry, finding common technical requirements to help reducing costs and gen-

erating savings. The EC is also responsible for the legislation inside EU providing rules for safety

and environmental protection. Harmonization is the key to competitiveness within the automotive

industry and globally. Along with harmonization, smart regulation is a powerful tool to achieve

environmental objectives. In this context, policy proposals are also being competitiveness-oriented

to increase consumers’ trust and reduce administrative burden.

Legislation is eliminating national differences and playing a positive role in promoting ac-

cess to global markets. The Commission has also been encouraging R&D projects and has even

doubled the funds available for this sector for the period between 2014 and 2020 [12].

Moreover, the EC has goals related to the environment protection and the air quality improve-

ment. Consequently, the EU legislations and standards aim to reduce pollutant emissions, noise,

GHG (Greenhouse Gas), etc. [13]

The automotive sector is one of the most important because it largely affects economy and it

is where big part of energy and resources consumption are allocated. Consequently, it is also one

of the sectors with most potential to improve towards efficiency and sustainability.

Furthermore, besides the sustainability and environmental reasons to become efficient, firms

have also the motivation of the consumers’ side. Consumer behavior is tending to increase at-

tention towards environmental aspects, as they are starting to become an important factor in a

purchasing decision.

Summing up, companies have an external pressure point that is the need to comply with the

demand, to stay competitive and to respond to suppliers’ requests. As internal pressure points

appear the costs and the management [14].

2.2 Test machines

Nowadays, there are a lot of factors that have been pressing the industry to develop better

solutions in a shorter period of time. These factors can be the high competitiveness of the market,

the availability of new technologies, the prices decreasing and the tightening of deadlines to launch

new products. The automotive industry has already defined some standard tests. However, the time

it takes to execute them does not match with the target deadline to start selling the product. This

creates a problem to companies: either they delay the launch of the product and make suitable

quality and reliability tests, or they launch the product on time risking the rejection of products

caused by different defects. So, it is a challenge for companies to improve their products, and

also reinvent their processes, by replacing them with less time-consuming, cheaper and with better

performance ones.

In automotive components industry, the quality of products is determined by lab tests, such as

vibration, climatic, impact, as well as other process parameters. Recently, a new kind of technique

has called the researchers’ attention. It’s known as HALT (High Accelerated Life Testing) and

HASS (High Accelerated Stress Screening). These testing methods submit the products to severe
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conditions to force them to quickly reach the point of failure. The importance of these tests

has growing once their efficiency has been proved, and they have been used to detect defects in

products during the production phase.

These technologies use a combination of environmental situations and expose products to

critical ones aiming to anticipate the failure detection. The earlier a defect is detected the easier

it is to correct or fix. Both HALT and HASS techniques use stress conditions worse than the

normal use of the product intends to, but it is the best way to quickly find errors. The bathtub

graph shown in Figure 2.4 demonstrates the average electronic product failure behavior. This

graph consists of three periods: infant mortality, with a decreasing (early) failure rate, followed

by a normal life period, which is the usage phase, with a relatively low and random failure rate,

and then, as the product’s end-of-life approaches, the failure rates increase again [15]. It should be

a manufacturer’s priority to determine methods to eliminate defects in the infant mortality phase,

because it is the most dangerous phase to fail and kills the consumers’ confidence.

Figure 2.4: The bathtub curve for typical electronic devices and semiconductor devices [15]

Stress tests should be performed the earliest possible and should evaluate the design weak-

nesses and expose material and assemblage problems. These are essential when developing a

product, but they are time-consuming, and have costs besides the time lost. The product should

be tested as long as it is projected and the best way to do that is by testing its components. It is

too risky to wait until the assemblage of the product and test it just before being released to the

market. On the other side, testing every individual component of a product delays the production

process and increases the costs one more time. The best balance and solution found is to make the

tests duration as short as possible [16].
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In what concerns HALT and HASS techniques, they both rely on shortening the test timescale

by applying a much hogher level of stress to the product than the level for which the product is

designed for. In this way, they force failure to happen in less time than it would take under normal

operating conditions. So, when properly used, both tests can quickly expose problems related to

the design and production of the product.

In HALT programs stress conditions are applied during the product development to find weak-

nesses in the design of the product. The normal procedure of these tests is through the use of

temperature and vibrations parameters. Nonetheless, they can also be done applying different

conditions of humidity, thermal cycling, over-voltage or over-current. This test requires few test

units and a short period of time to perform. The continuous use of the units, with higher duty

cycles and under stress conditions will help finding design mistakes. The problems found must be

corrected to meet the product’s specified limits.

HASS programs are implemented during the production phase and do not aim at highlighting

design problems but, instead, they find defects created or arisen during the production phase.

They employ stress levels but not as high as the ones employed by HALT tests. They intend to

get the infant mortality phase as lower as possible. If after an HASS test there are units failing,

the problem should be on the manufacturing processes. But, if these tests are both performed in

the correct place on the timeline, they are very useful to understand where the problem is being

generated.

An integrated HALT/HASS program can bring benefits but the test limits need to be very

carefully planned and monitored, especially the HASS tests because they’re done with the product

already developed and functional. Nonetheless, when defining the test environment, it’s important

to bare in mind that too light conditions will not force the product to fail, so there may be defects

not detected, but, on the other side, if they are too severe, additional and new failures may appear

than can put in risk the reliability of the product. These tests can not only show problems on the

functional side of products but also on the mechanical one, e.g. in a temperature test, the material’s

resistance is also tested and not only the product functionality.

It’s also important to have some input on the test equipment features such as the number

of measuring channels, electrical noise, signal levels, chamber size and capacity, structure, and

cabling and connectors. Figure 2.5 shows a typical test system [17].

Burn-in and climatic stress screening are two types of HALT tests. In burn-in tests the main

principle is to have an oven where the temperature is controlled. The product is placed inside the

oven and connected to monitoring channels, staying inside for a period of time while the acquisi-

tion system performs functional tests searching for product’s alterations. Climatic stress screening

is widely used in automotive, aeronautic and train industries. The test chamber simulates a de-

termined environmental with defined temperature and humidity values depending on the product.

While inside the chamber, several functional tests are made to the product through the monitoring

channels. The aim now is to test several similar products at the same time, exposing them to the

same environment [15]. Sometimes, this kind of test requires a lot of equipment like sources and

measuring instruments, and they also must be tightly integrated in a system that can spot defects
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Figure 2.5: Typical HALT/HASS system disposition [17]

on products, maintaining their quality and reducing time until the market release.

2.3 Object of study: FCT50

The object that gives purpose to this study is an environmental testing machine produced by

CONTROLAR. It is called FCT50 and it was designed with the intention to create and implement

a standard to similar machines of the production and test lines. It is framed by the HALT/HASS

test typology approached in Section 2.3. Its main purpose is the performance of functional tests

on products, typically displays, with the use of artificial vision equipment such as cameras, light

sources, etc. FTC 50 monitors the quality of the product at the end of its production, or, if needed,

between production phases. Quality is assured when the test results are within the defined range

of values for parameters as luminosity, contrast, pixel number or colour saturation.

The machine has a portable piece called “tool” that makes physical and electrical connections

between the UUT (Unit Under Test) and the machine. This tool is also responsible to move the

UUT inside and outside the testing chamber by moving upon an axis. The exterior of the machine

includes a screen for interface with the user, buttons, a table for the tool, the electric part and the

machine’ power source. The interior is a dark chamber, built to block luminosity with an anti-

reflex coating. It has a two axes system, completed by the third one mentioned above. The system

is composed by a light source, temperature sensors, camera and test sensors. The axes permit a

covering of all angles of the UUT. The plastic pieces are built in ESD (Electro Static Discharge)

plastic to avoid electric problems.

The UUT is placed on the tool and fixed automatically by it. If there are no breaches in the

security features, the tool takes the UUT inside the chamber and then begins the test sequence.

This is one of the most important parts once the test sequence dictates the sequential steps to test
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the UUT and evaluate its conformity or non-conformity. The machine is powered electrically and

pneumatically and tests one unit with testing cycles of approximately 3 minutes.

Figure 2.6 illustrates the production process of the machine in CONTROLAR. At orange are

steps that happen outside the company’s facilities. If there are no materials in stock, external

orders are made. The mechanical structure of the machine normally comes from an external entity

(mostly the client) and the electrical parts and interfaces are implemented at CONTROLAR.

Figure 2.6: Scheme with the production process workflow at CONTROLAR
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Chapter 3

Sustainable manufacturing and
eco-innovation

In this chapter is made a deep analysis on several subjects related to eco-innovation relevant

in the context of this study. Some tools to evaluate and understand eco-innovation are given, such

as life cycle perspectives, indicators and methods to use them, the need and importance of a good

benchmarking and applicable policies and legislation.

As the environmental concern has been growing, and many projects started with the goal of

improving energy efficiency and reduce waste and resources consumption, the OECD created also

its own project. It was launched in 2009 and aims at create “sustainable industrial production

through the diffusion of existing knowledge and the facilitation of the benchmarking of products

and production processes” [4]. It promotes the development of technological solutions to the envi-

ronmental challenges in medium to long term. There have been also a lot of studies in this context,

about essential matters related such as energy efficiency measurement, standards, labelling regu-

lations and metrics and performance measurements. Furthermore, efforts have been made aiming

to find a way to model energy consumption at different levels in a system [18]

Energy efficiency can be achieved by two ways: directly or indirectly. Directly stands for

improvements that are a direct consequence of energy savings. Indirectly, on the other side, are

savings achieved by stability, performance or productivity improvements [19]. OECD defined

some key findings, which are essential to fulfil the purpose of introducing the concept of eco-

innovation. Along this chapter, the main findings are going to be approached as they are crucial

matters.

3.1 Practices for sustainability and eco-innovation

The efforts to achieve manufacturing sustainability have made a huge turn on shifting from an

end-of-pipe vision, where the environmental concerns come after the processes are implemented,

to a product life cycle perspective comprising environmental strategies since the beginning. This

15
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vision also provides an approach to a closed-loop production. In parallel, companies have also be-

gun to accept environmental responsibilities along their value chains. The integration of methods

to improve sustainability has led to the formation of new business models (Figure 3.1) that can

bring environmental benefits.

Figure 3.1: The closed-loop production system [4]

Moreover, the creation of a closed loop production focuses on the transformation of end-of-life

products into new resources by the steps described in Figure 3.2.

Figure 3.2: Evolution of sustainability concepts and practices, adapted from [4]
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In addition, more radical improvements are arising, showing the need to incorporate envi-

ronmental practices and performance. Eco-design is defined as “the production, assimilation or

exploitation of a novelty in products, production processes, services or in management or business

methods, which aims, throughout its life cycle, to prevent or substantially reduce environmental

risk, pollution and other negative impacts of resource use (including energy)” [4].Today the focus

is still in the technological advances, but it is important to start looking beyond that and look for

improvement methods independent of the technology.

According to the Oslo Manual, eco-innovation can be separated in three dimensions: targets,

mechanism and impacts.

• Targets: basic focus of eco-innovation. They can be products, processes, marketing meth-

ods, organizations or institutes. They can have a technological or non-technological nature;

• Mechanism: method by which changes take place. There are four basic modes: modifica-

tion (small and progressive process adjustments), re-design (significant changes in existing

products, processes or organizational structures), alternatives (new products with the same

functionality to replace other products) and creation (design and creation of new products,

processes or even organizations);

• Impact: eco-innovation’s effects on the environment. Given a specific target, the environ-

mental benefits can depend on the mechanism and increase along with size of the change.

Different relations between targets and mechanisms can create diverse impacts, which, by

attacking different problems, result in several levels of eco-innovation initiatives. Innovation has

a key role on moving industries towards sustainable production (Figure 3.3).

Figure 3.3: Conceptual relationships between sustainable manufacturing and eco-innovation [4]

In Figure 3.3, the direction to the right upper corner means the increase of positive environ-

mental impacts in medium to long term. Also, the bigger and more structural the changes, the
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less they tend to depend on technological development, precisely because these changes are sub-

stantially bigger and involve entire organisations. Obviously, the technological development is

important to the acceleration of innovation initiatives and processes, but different levels can be

distinguished. Small changes in the production processes such as adjustments or modifications are

much more dependent on technological advances than changing the core business or the structure

of a company, that influence more cultural values or personal formation.

3.2 Life cycle assessment

Sustainable manufacturing involves changes that are facilitated by eco-innovation. Integrated

initiatives may vary from traditional pollution control through cleaner production, to a life cycle

view and establishment of closed-loop production. They can potentially enhance environmental

improvements but careful planning is required. As it is shown in Figure 3.3, those kind of ini-

tiatives depend on different combinations of targets and mechanisms. The more integrated these

initiatives are, the better environmental improvements may appear, but they depend on the use

of wider range of targets and mechanisms. It can be understood that as sustainable manufactur-

ing initiatives advance, the nature of eco-innovation processes becomes increasingly complex and

more difficult to co-ordinate [4].

LCA (Life Cycle Assessment) is a scientific, structured and comprehensive method interna-

tionally standardized by ISO 14040:2006 and ISO 14044:2006. These standards provide a crucial

framework for LCA, leaving simultaneously important choices to be made by experts. The ISO

14040:2006 standard approaches principles and framework while the ISO 14044:2006 standard

gives lights on requirements and guidelines for LCA.

LCA is used to qualify resources and emissions along the product life cycle. It covers a wide

range of environmental impacts such as climate changes, pollution, eco-toxicity, human effects,

material and energy resources, and so on. Moreover, it allows direct comparison of products and

respective technologies used, by capturing the whole life cycle of the system, from the resources’

extraction until disposal and waste treatment, passing through production, use and recycling. Its

strength lies in 5 principles [20]:

• Integrated assessment framework on environmental problems;

• Relative and absolute analysis in a scientific and quantitative way;

• Relation of environmental pressures to any defined type of system or product;

• Avoidance of burden shifting of impacts by integration the whole life cycle;

• Easier comparison of products and identification of improvement opportunities by working

on a functional unit basis.
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LCA embraces a cradle-to-grave perspective that quantitatively calculates material and re-

sources consumption and production along all the life phases, including energy flows and environ-

mental effects of a system. This perspective implies a vision of the product in its whole production

cycle and includes the diverse phases showed in Figure 3.4.

Figure 3.4: Product life cycle [21]

A LCA evaluates the product life phases in terms of resources and energy flows and impacts.

It develops through the stages mentioned in Figure 3.5 [21]:

• Goal and scope definition: description of the system and definition of the study’s bound-

aries:

– Including the purpose of the study, target-audience and communication method;

– Referring assumptions made and methodologies used (e.g. for data collection);

– Defining which processes and life cycle’s parts are important to include in the study.

• LCI (Life Cycle Inventory): accounting stage of inputs to and outputs from the desired

system:

– Modeling the system in accordance it defined scope;

– Quantify inputs and outputs using databases and previous studies;

– Generalize material and energy balances through the life cycle.
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Figure 3.5: Phases of a LCA [22]

• Impact assessment: translate effects from the LCI into impacts on humanity and environ-

ment:

– Estimating environmental load and its impacts based on the LCI;

– Accurate discussion with sensitivity analysis and uncertainties identification;

– Aggregating outputs and results by impact categories if needed.

LCA is only now gaining ground and becoming a solid strategy because of some factors such as

reproducibility difficulties, too much freedom on interpreting results, data availability and quality,

uncertainty of impact assessment methods, difficulties of quality assurance, costs and complexity

[6].

Materials’ role on eco-innovation

One important aspect of a LCA is the resources’ analysis and study, whether they are energetic

or material resources. Thus, in parallel with energy influence, materials also have great impact on

eco-innovation, and they must be very carefully chosen and designed when projecting and manu-

facturing a product. Decision-makers should consider materials as a part of the business strategy.

Aspects to have in mind during materials’ choice are its costs, consistency, availability, legisla-

tion and manufacturability. Materials should overcome a set of evaluation criteria before being

released to the market and bacoming available to manufacturers. In an eco-design perspective, it

is important to evaluate materials further than its technical features, and select renewable and bio-

compatible materials rather than toxic and harmful materials that should be rejected. So, material
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decision-makers (stakeholders) have great influence on eco-design and its results (trade-offs) and,

consequently on eco-innovation (Figure 3.6) [2].

Figure 3.6: Materials and Stakeholders interactions [2]

The SPICE model is a material classification strategy according to materials potential for eco-

innovation. It is divided in five categories: stimulating, potential, incubating, common, embedded

materials. The further the material reaches on the categories’ scale, the more appropriate it is for

selection (Figure 3.7).

• Stimulation: are inspirational mateials for designers because of its potential for use in

future applications. In spite of being desirable, they do not reach the market on any product

because of its substantially high cost and inapplicability to existing products;

• Potential: materials that satisfy the preconditions’ selection but still haven’t been brought

to the market in a product. They can be useful but still need an appropriate application;

• Incubating: trialed materials in test products that may become part of common portfolio

products depending on their outcomes from the market and applicability;

• Common: materials consistently used in products. They are the majority of common-

known materials and are replaced only when better options overcome preconditions for

material adoption;

• Embedded: these materials are tied to some products and are irremovable. Materials may

reach this point due to security standards or secure supply.
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Figure 3.7: SPICE model [2]

3.3 Indicators

Manufacturing is one of the primary wealth generating activities because it transforms materi-

als and information into goods for the satisfaction of human needs. However, turning raw material

into products is a source of environmental pollution [23].

With the industry development, quantification tools need to be defined in order to accurately

measure environment or efficiency growth. Indicators help manufacturers understanding the envi-

ronmental issues surrounding the production systems. They define specific goals and monitor the

progress towards sustainability. There are several sets of indicators that help companies tracking

and benchmarking their environmental performance.

At this point it is important to differentiate indicators from indexes and parameters. A parame-

ter is a property that is measured. An indicator is a “parameter, or a value derived from parameters,

which points to, provides information about, describes the state of a phenomenon/environment/area
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with a significance extending beyond that directly associated with a parameter value”. And an in-

dex is a set of aggregated or weighted parameters or indicators [24].

Each company has its own working environment and capacities, however, there are some cri-

teria that should be taken into account when choosing a set of indicators to represent results.

Companies must know what is the finality required for the indicators according to these criteria

and then choose the set of indicators that best potentiate the features of interest. This means that

the set of indicators must be carefully chosen according to the goal to achieve and the message to

transmit, as the example in Figure 3.8 [4].

Figure 3.8: RACER indicator selection criteria , adapted from [6]

The right set of indicators, as mentioned above, help companies having a more comprehensive

picture of economic, environmental and social effects across a product life cycle. In order to

improve equipment or processes toward efficiency, a more technical and production-oriented set

of criteria shall be used and chosen from a table like the example in Table 3.1.

In parallel with the types of indicators set, there are other classifications of indicators proposed,

measuring changes in energetic efficiency. Thermodynamic indicators rely only on measure de-

rived from thermodynamic variables. Physical-thermodynamic are hybrid indicators that use a ra-

tio of energy input in thermodynamic units to output in physical units. Economic-thermodynamic

indicators are a ratio of energetic input to output measured in market value. Finally, economic

indicators, measure changes in energy efficiency by using only monetary values for both energy

input and service output [25].

Eco-innovation may be environmentally driven, but can also have other motivations such as

costs reduction or institutional chances. In this way, it is important to gather information in a

broader range, and have a solid benchmark study knowing how companies eco-innovate, drivers
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Table 3.1: Summary of sustainable manufacturing indicators [4]

Criteria

Set of indicators Comparability Applicability
for SMEs

Management
decision-making

Operational
performance
improvement

Data aggregation
and
standardization

Innovative
products or
solutions

Individual indicators * *** * ** * *
Key performance indicators * * *** * * *
Composite indexes ** ** * ** *
Material flow analysis * * * *** ** ***
Environmental accounting ** ** ** *** ** **
Eco-efficiency indicators ** * ** *** ** ***
LCA indicators ** * * *** ** ***
Sustainability reporting indicators * ** ** ** * *
SRI indices ** ** *

***: Strongly suitable
**: Suitable if certain conditions are met
*: Applicable though not necessarily suitable

and barriers that affect the different types of eco-innovation and also the impacts of different eco-

innovations.

Nonetheless, the first step is always the choice of what to measure, goal and purpose of the

measurement to understand which category is the most adequate. Then it is the data collecting

phase, preferably following a standard or test procedure and minimizing the possibility of human

error. The last step are the calculations, that must also be done accordingly to mathematical

formulations and principles [26].

3.3.1 Environmental Indicators

Environmental pollution can be a direct consequence of the manufacturing process. Manu-

facturing waste involves a very different range of substances that depend on the technology used,

the nature of the material and its quantities [23]. According to the scope of this project it is in-

evitable to discuss environmental indicators, as proved above by the Table 3.1. This type of indi-

cators is specifically used in environmental reporting, measurement of environmental performance

and progress measurement towards sustainability. Inside the category of environmental indicators

there are subcategories depending on the goal of their use and to whom they are directed. Table

3.2 shows different sets of environmental indicators, and their respective purpose.

When choosing an environmental indicator, it’s important to have in mind some general criteria

to choose amongst policy relevance and utility for users, analytical soundness or measurability

[24]. In Apendix A a table that explains the purpose and how to use the kinds of environmental

indicators described in Table 3.2 can be found.

3.3.2 Resource Indicators

Resource efficiency is one of the most challenging concepts faced today by nations and the

EU as a whole. Industry is intimately related with resource efficiency by offering technical and
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Table 3.2: Types of environmental indicators [24]

Purpose Set of indicators

Tracking progress
and performance

Core Environmental Indicators (CEI): OECD has a core set of indicators covering
environmental pressures issues, both direct and indirect, environmental conditions ,
society’s response,etc.

Informing
the public

Key Environmental Indicators (KEI): a reduced set of indicators that fulfil
communication purposes, informing the public and providing signals to
policy makers.

Promoting
integration

Sectoral Environmental indicators (SEI): help integrate environmental concerns
into sectoral policies. Each set aims at a different sector and they are classified
according to environmental importance, interaction or policy considerations.
Indicators derived from environmental accounting: help integration of environmental
concerns into economic and resource management policies. Focus on material flow
accounts, resources use and productivity.

Monitoring progress
Decoupling environmental Indicators (DEI): measure the decoupling of the
environmental performance from the economic growth.

technological innovation. In industry, resource efficiency is often confused with material produc-

tivity which evaluates efficiency only on non-energy resources. At this point it is important to

distinguish between resource efficiency and resource productivity. The first one aims to minimize

the resources used when producing a unit of output. The second one deals with the efficiency of

economic activities in generating added value from the use of resources [27].

In a recycling perspective, waste can also be a resource, which contributes to resource effi-

ciency by spare other new materials that would be used instead. This is one of the approached

issues on the Europe 2020 program. Another one is the resource indicators’ utility when finding

and evaluating improvement opportunities.

The most general indicator being used now on resource productivity, is the GPD divided by

the DMC (Domestic Material Consumption), which includes metals, minerals, carbon-based fos-

sil fuels and renewable energy sources. A disadvantage of this indicator is that when its value

increases, it does not necessarily mean that less resources are being used, it can also mean that

the economy is just growing faster than resource consumption. Consequently, surges the need to

decouple material use from economic growth. This indicator is also permeable to the types of

material used and waste. Indicators that concerns only water, land or carbon are needed. In this

context, are defined a set of indicators called SDI (Sustainable Development Indicators). This set

has indicators on the ecological capital dimension and land use dimension, with calculation of its

environmental impacts and resource use dimension. The environmental impacts of land use indi-

cators provide information on land cover and related land changes by accounting the interactions

between nature and society on a tight grid of 1km2.

Related to the resource use dimension attention has been paid on environmental impacts of

resource use. In this dimension is essential a life cycle mind set to avoid burden shifting between

phases, sectors or countries. Table 3.3 presents examples on applicability of resource use indica-

tors.
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Table 3.3: Resource efficiency indicators per areas in industry [6]

Material
Resources

Natural
Resources Energy Waste General

Consumption
of material
(amount)

CO2 emission
reductions (per
product unit)

Annual energy
consumption

Recycled material
production (%)

Expenditure
of resource

related R&D
Savings of

input material
(amount)

Emissions to
air (amount)

Annual energy
savings

Recycling rates

Savings of
input material

(%)

Reduction of
emissions to

air (%)

Fossil fuels
required (amount)

Waste collection
rates (national levels)

Emissions
to water
(amount)

Average thermal
efficiency (per
product unit)

Reduction of
emissions to water

(amount)

Substitution of
usual fuels by

alternatives (%)
Reduction of
emissions to

water (%)

Primary energy
consumption (%)

Savings on primary
energy (%)

3.3.3 Key Performance Indicators

Entities should not only work to maximize their economic goals but also to minimize their

environmental concerns and impacts, so, a balance between both is needed but difficult to per-

form. Within the balance, eco-efficiency can be found as it evaluates sustainability by assessing

economic and environmental objectives of companies. “Eco- efficiency is achieved by the delivery

of competitive-priced goods and services that satisfy human needs and bring quality of life, while

progressively reducing ecological impacts and resource intensity throughout the life cycle to the

level at least in line with the Earth’s estimated carrying capacity.” [28].

It is intended to be an approach for the business sector to contribute to sustainable develop-

ment, thought the pursuit of long term benefits by incorporating activities that respect a rational

resource use [27].

Nowadays, eco-efficiency is widely applied to countries, meaning that it is evaluating the po-

tential of entire nations to be sustainable. It started by evaluating a wider scale and then zooming

in to sectors, types of industry and specific industries. So, when evaluating general data there is a

large amount of information, but as long as it gets more and more specific, it becomes more diffi-

cult to find and evaluate data on small pieces. This justifies the reduction of available information

with the increase of the target specification.Quantitative measurement of eco-innovation can help

improving the understanding and practices and even aid policy makers to analyse trends, drivers

and barriers [4].
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Performance indicators play a relevant role on evaluating efficiency manufacturing processes’

efficiency in the scope of a target area, that can be cost, sustainability, energy efficiency and so on.

Decision-makers in the production field need energy related KPI in order to identify companies’

specific energy uses in the production systems. They also prepare the system’s energy behaviour

profile, recognize cause-effect relationships, define improvement opportunities and actions and

communicate internally or externally the information. There has been a trend in studies to define

a set of approaches for improving energy efficiency performance in production systems from a

machine tool level to all the country [18]. The main levels in a system can be identified as:

1. Machine level

2. Process level

3. Plant level

4. Sector level

5. Country level

All of them can be evaluated in terms of their efficiency in energy consumptions or use of

resources. Moreover, studies have been developed on each level in order to improve performances

and implement eco-innovation changes. As the level gets wider, the interest for this project de-

creases, so the last levels will not be deeply explored.

3.3.3.1 Machine level

At machine level it is important to be as specific as possible once it is the bottom level and all

the possible details should be evaluated in the most particular aspects. There is a 6 step hierarchy

defining a possible sequence to implement energy saving procedures (Figure 3.9).

Figure 3.9: Hierarchical approach for energy savings at machine level [19]

A crucial aspect to take into account when evaluating energy efficiency of machines, is their

energy states or working modes. Normally, machines can have several different working modes,
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e.g. operation, warm-up, energy saving mode, idle, sleep and off. There can be a lot of different

states depending on the machine [18]. To determine the energy consumption of a machine it is

also important to know which consumption amount is caused by which components (integrated

of peripherals), so, the monitoring procedure should be designed carefully in advance. All sub-

systems should be monitored as individually as possible. The total energy (Etotal) required by a

machine is then calculated by [23]:

Etotal = Eprocess +Eperipherals (3.1)

Where the process energy (Eprocess) is the one required by the machine to perform its physical

process, and the peripherals energy (Eperipherals) is the additional energy consumed by the machine

(e.g. heating and cooling, overcome of efficiency losses, etc.) These peripherals energy is also

a sum of background energy (energy consumed when the machine is not operating) and load

dependent energy, that is influenced by the specifications of the process (e.g. work piece physical

characteristics, used tool, etc.)

A common characteristic of the majority of industrial machine is that even in idle state, the

machine consumes at least half of its maximum power, which provides big opportunities to reduce

energy consumptions trough better design [23]. An energy related machine assessment is always

necessary to any type of energy efficiency evaluation. There are several ways to do it and this is

a flexible subject. However, it is a big advantage to have a standard test procedure and a defined

method. Following this idea, a method to develop KPI and improve energy efficiency is described.

In addition, another one with definition of machine testing types is presented.

e-KPI method [18]

The e-KPI serves as an example on how to transfer scientific research into industrial value and

highlights the efficiency levels depending on the operation mode of energy-consuming machines.

It focuses on 3 main bullet points and aims at defining:

• Initial statements of manufacturing and energy states;

• Cause and effect links between this manufacturing and energy states;

• Projected future developments for the application of the method.

It first sets a frame on the industry by investigating the business, the industrial scenario, the

design method and its implementation. As efficiency is currently measured based on time the

e-KPI proposes to transfer this basis to energy states measurements. It creates a connection be-

tween manufacturing states of a machine and its energy states through a cause-effect relation. It

comprises the following steps:

• Step1 – Definition of the reference production system: by specifying the kind of dis-

crete industry, the production processes and resources, and aspects of the systems such as

typology, market dimension, layout and automation degree.



3.3 Indicators 29

• Step2 – Identification of power requirements of the machine: by analysing the energy

consumption of each operating state its respective active time length. These are called en-

ergy states (e.g. off, idle, set up, standby, maintenance and processing). .

• Step3 – Analysis of manufacture states as causes of energy inefficiencies: manufactures

modes are variables that affect energy consumption, causes of inefficiency (e.g. missing

order or material, waiting for tools, failures). The output of this step ise a table with the

manufacturing state, its corresponding description, and intervention mechanisms which are

factors that can directly improve the state (e.g. master production schedule, manpower

training, quality of the prevention maintenance plan). These mechanisms are separated in 5

domains: production management, quality, manpower, maintenance, and external causes.

• Step4 – Connect manufacture states with energy states: after building a list of manufac-

turing and energy states, they have to be linked. That connection represents an impact that

each inefficiency has on the respective energy state. The output should be a diagram such

as the one in Figure 3.10.

Figure 3.10: Manufacture sates by domain connected to energy sates, adapted from [18]

• Step5 – Building an hierarchical framework of energy consumption: this framework

should be an energy diagram of the energy consumption associated to each manufacturing

state. This diagram can also show the contribution (%) of different power requirements on

the total consumption. In Figure 3.11, which is an example of a diagram, the left column

represents the total energy consumption, to which is being subtracted the corresponding

energy state consumptions by manufacturing state until the achievement of the valuable

energy consumption. This last state refers to the energy consumed to produce flawless

products. The diagram is scaled qualitatively in terms of energy.
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Figure 3.11: Energy diagram [18]

• Step6 – Development of e-KPIs: Based on the diagram built in step 5, several examples of

e-KPIs are here demonstrated:

– The Lean Energy indicator show efficiency in terms of energy consumption. Its ideal

value is 1:

Lean Energy Indicator =
Valuable Energy Consumption
Overall Energy Consumption

=
E0
E6

(3.2)

– The Energy Quality indicator is a part of the Lean indicator broken down into factors,

in this case, to evaluate the energy wasted with quality issues:

Equality =
Valuable Energy Consumption

Net Production Energy
=

E0
E1

(3.3)

– The Energy in Availability indicator depends on the time wasted in maintenance:

Eavail. =
Gross Product Energy

Net Usage Energy
=

E2
E3

(3.4)

– The Energy Usage indicator assesses the impact of the overall system instead of only
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at machine level:

Eusage =
Net Usage Energy

Energy in Operation Time
=

E3
E5

(3.5)

– Energy Opening indicator measures the post-holiday or post-shift starting:

Eopening =
Energy Consumption in Opening Time

Energy Consumption in T heoretical Production Time
=

E5
E6

(3.6)

• Step7 – e-KPI design and maintenance: it is necessary to design the e-KPIs and define

its features besides its calculations, such as implementation strategy, and maintenance. The

maintenance strategy should be focused on finding improvement opportunities and monitor-

ing.

Machine-tool evaluation method [29]

This method intends to define a test procedure at machine level and give some guidelines on

how to measure energy consumptions and find opportunities for improvement. This method has

4 test options, one of which will be the most suitable: reference part method, reference process

method, specific energy consumption method and component benchmark method.

• Reference part method (Figure 3.12): specifies the energy needed to manufacture deter-

mined workpiece. Its advantages are the closeness between the test and the real manu-

facturing result, the short test time and its simplicity. On the other hand, the efficiency is

too dependent on the workpiece characteristics, which difficult the broadness of the test

method. It does not consider the machine’s non-productive states that also consume energy.

This method is adequate to the configuration and use phases.

Figure 3.12: Reference part method aspects [29]

• Reference process method (Figure 3.13): contains the measurement of the energy con-

sumption of a machine’s operating mode whether is it processing, idle, standby, etc. The

strongest aspect is that it can considerate the main operational states and their respective

time lengths, which leads to more realistic scenarios. However, the test takes longer to per-

form as the machine operation can depend strongly on the production scale, which creates

barriers to comparability.
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Figure 3.13: Reference process method aspects [29]

• Specific consumption method (Figure 3.14): aims at understand the relation between the

machine tool power consumption and a physical output variable. It allows direct comparison

amongst similar machines, however, it is time consuming and ignores other non-productive

use scenarios.

Figure 3.14: Specific energy consumption method aspects [29]

• Component benchmark method (Figure 3.15): is a bottom-up test where the machine is

divided into components which are evaluated separately according to their individual en-

ergy efficiency. This method states that integrated efficient components build an efficient

machine. It does not need workpiece neither tool specification, and it can assess the ma-

chine independently of the operating modes. Also, it is adequate to the design phase and

comparison of machines by components. Nonetheless, it is the most time consuming method

and it does not include a realistic use scenario in its evaluation.

Figure 3.15: Component benchmark method aspects [29]



3.3 Indicators 33

The procedure per se, is a series of statistical calculations that will have as a result the most

indicated of the four methods above to apply to the machine, however, it is possible to choose the

most suitable test by weighting their advantages and disadvantages

3.3.3.2 Process level

It is relevant to highlight the importance of the energy-related production performance indica-

tors as they are a key element needed by the manufacturing industry. They identify inefficiencies

in the plant’s processes and its energy consumption. From values of performance indicators at this

level, inferences can be made about the efficiency of the level below and above.

Savings can come from how the equipment is managed when used, e.g. by using sequence or

batching processes to maximize energy efficiency in production periods. Energy reductions can

be achieved by a good exploitation and optimization of the process strategy [23].

3.3.3.3 Plant level

It is important to adopt a continuous improvement methodology and mind set aiming at the

efficient use of energy resources, once energy related information also allows the assessment of

optimization and improvement potential of energy efficiency measures [18]. The performance of

a production system can be traditionally assessed by monitoring four main classes: cost, time,

flexibility and quality. However, none of these four takes into consideration the energy neither the

resources efficiency. As sustainability has evolved to be a key factor, it must be included in the

main attributes to evaluate on a company (Figure 3.16).

Figure 3.16: Manufacturing system key attributes [23]

At system level, savings can come from simple preventing activities such as switching off

energy consumers when not in use. Achieving improvements imply an organized and efficiency-

oriented management. The program Energy Star proposes a series of steps in order to achieve an

energy efficient plant (Figure 3.17), that can be performed as an iterative cycle [30]:

• Commit to continuous improvement: Success of organizations can come from regular

reevaluation of energy performance and research for ways to keep improving it by:

– Forming a dedicated team;
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Figure 3.17: Energy Star steps for plant efficiency [30]

– Setting an energy policy, with objective goals and continuous-improvement oriented;

• Assess plant performance (in terms of energy) by:

– Collecting and manage data;

– Creating baselines and benchmarking;

– Analysing and evaluate;

• Set goals by:

– Determining the scope (identify organizational and time parameters);

– Estimating potential for improvement (review baselines and benchmark);

– Establishing clear, measurable and date-targeted goals;

• Create an action plan by:

– Defining technical steps and targets;
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– Determining roles and resources;

• Implement the action plan by:

– Creating a communication plan;

– Raising awareness amongst interested parties;

– Building capacity and motivating;

– Tracking and monitoring;

• Evaluate progress by:

– Measuring results by comparing current performance with established goals;

– Reviewing action plan understanding what worked well and what did not;

• Recognize achievements by:

– Providing internal recognition to interested parties;

– Receiving external recognition.

Energy Star also have its own tools to help this process and to help companies understand

their position amongst other energy efficient companies and how to evolve. The program has its

own indicator, called EPI (Energy Performance Indicator) and an energy tracking tool that can be

helpful to monitor energy consumptions and understand the best way to improve efficiency.

On a general framework, there are a few elements that can be highlighted as priority needs to

achieve efficiency [31]:

• Reduce material requirements;

• Reduce energy intensity;

• Reduce toxic dispersion;

• Enhance material recyclability;

• Maximize the sustainable use of renewable resources;

• Extend product durability.

.

3.3.3.4 Sector level

Eco-efficiency indicators are a key tool to track green growth and development at a global

level. They capture the ecological efficiency of growth by measuring it in the economic activities

in terms of consumption and production and its corresponding environmental impact. They are

used to:
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• Measure eco-efficiency of different sectors within the country;

• Identify policy areas for improving and achieving bigger benefits;

• Track trends in eco-efficiency over time.

3.3.3.5 Country level

As the framework to evaluate grows, it is also important to adapt the criteria to choose the

indicators to the size of the target. At this level it’s important to choose indicators that allow the

comparison of eco-efficiency and green growth between countries. Those indicators should take

into account:

• Guidance by sustainability principles;

• The structure of the whole economy;

• The availability of data and methodological issues;

• The national sustainable development strategies.

3.4 Benchmarking

An appropriate combination of sets of indicators can help companies gain a more compre-

hensive perspective of environmental effects along the value chain of a product life cycle. How-

ever, there is no existing measure that can capture the overall trends and characteristics of eco-

innovation. Thus, indicators can and should be complemented with further benchmarking to

develop an eco-innovation scoreboard for the product. This could help and improve the under-

standing of nature, drivers, barriers and impacts of implementing eco-innovation changes.

In this context and with application to this project, further research was made aiming at find-

ing similar machines (Section 2.3) and verify whether or not they are certified. References to

certification were also looked for, even if not already implemented.

Cincinnati Sub-Zero, from America, sells test chambers to perform HALT or HASS tests

(Section 2.2). Their flyer explains all the concepts and shows the correspondence between the

test type and the most common defects found by their machines (Figure 3.18). They also give

some piece of advice on how to choose a test chamber, and criteria to which the machine must

correspond such as dimensions and capacities, that depend on the DUTs (Device Under Test) size,

and the higher and lower levels of the parameters to employ on the DUT. It is also important

to check the security features, once aggressive environments will take place inside the chamber.

Technological features are also relevant, such as the chamber’s control and monitoring system,

and the number and type of data that it is possible to gather. Another aspect that matters is the

several working scenarios of the chamber, how many tests are going to be made per day or how

many hours it is going to work [32].
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Figure 3.18: The closed-loop production system [32]

They have a big range of different environmental chambers which they sell most to R&D

purposes, and they can be standard or custom-designed. Their chambers are divided by environ-

mental type and can simulate polar cold, extreme heat, humidity, altitude and vibration. Mention

is made to the company’s certification on ISO 9001:2015 and their testing services are perfomed

by an A2LA certified laboratory. Despite all the detailed information, nothing is said about energy

efficiency or any kind of ecological aspect or label [33]

Thermotron, an USA based company, is also specialized in environmental test chambers to

execute HALT and HASS tests. One of their machines has a patented vibration table that can

operate in three independent vibration modes. They also have a patented dual strike impactor

(impact tests in two directions) and monitoring system. This system is supposed to be more

aggressive, causing failure even earlier than usual ones. Several models with different dimensions

are available, standard or customized. Once again, apart from the patents, there is no reference to

any type of efficiency certification.

CTS (Clima Temperatur Systeme), a German based company, also has a range of environ-

mental test chambers on its product portfolio. In the machines’ features there is only information

concerning CE (Conformité Européenne) marking. The company has a certified laboratory for

measurements and calibrations according to ISO 17025:2005 standard and it is ISO 9001:2015

and ISO 14001:2004 certified. Additional research was made in the field of environmental and cli-
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matic test chambers, and also luminosity tests. Investigated companies were e.g. Binder, Votsch,

Weiss Technik, TQC, Dycometal, Osworld, Inilltec, Caron, Tempo, Norlake, Memmert, Pana-

sonic, Parameter Generattion & control, Pfeiffer Vacuum, KW.

Most of them refer companies’ certification, instead of products’ certification being out of the

scope of this work.

Votsch and Weiss Technik advertise a “green mode” label (Figure 3.19) that saves energy and

CO2. They focus the optimization in 3 sectors:

• Hardware: that includes all the consuming components. They emphasise the importance

of a good choice of components, each one with the most efficiency possible ensuring that

the systems can work at an optimum level;

• Software: which is the control system and should be designed in a way that reduces the

spare capacity of unnecessary consuming components and also must avoid charge peaks;

• System planning: that is an essential part to adequate the system to its task the best way

possible. A solid system has all the components smartly integrated. The system must be

consistent on its job, but wastes must be avoided.

Although they also sell environmental test chambers, there is only reference to the green mode

label being applied on heating and refrigerating systems [34, 35]

Figure 3.19: Green mode label [34, 35]

Panasonic follows its own environmental plan which is called the “Green Plan 2018”. They

differentiate three types of label each one corresponding to the three types of applicable legislation

on environmental declarations (Section 4.2) [36].

• Eco-mark (Type I environmental labels);

• Eco-ideas (Type II environmental declarations);

• Eco-leaf environment label (Type III environmental declarations);

Panasonic also certifies some products with the Energy Star program, specially, household ap-

pliances. Depending on the products, they are also certified with RoHS and REACh, for hazardous

substances and chemicals.
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In this context, once some companies have patented parts of their machines or eco-efficiency

methods, the need to make further research on the patents field surged. The aim was to find

some patented labels that claims aspects of eco-efficiency, or certification other than CE marking

with some reference to methods, parts or features related to ecologic, energetic on environmental

aspects.

In Appendix B can be found the research table that contains the key-words used and the iden-

tification number of the related patents. The most interesting ones are mentioned (Table 3.4),

although there were no objective results. Even the most interesting and on-topic patents do not

correspond directly to what was searched for.

Table 3.4: Patents

Title Number Description Ref.

Label for displaying
amount of CO2

reduction and ecology
promoting method

JP2010049218 (A)

Provide a label from which the client can understand
the CO2 reduction quantified in its layout. Provide also
a service based on CO2 reduction delivered when an
eco-friendly product is bought. The label shows the
amount of CO2 reduction and the respective used technique.

[37]

Method for the
manufacture and
use of a green product

WO2014023677

The method comprises the following steps: produce (or buy)
a green product; control (or have controlled) the green feature;
get a certification by proving that feature; sell (or use) the
product advertising the label and trying to apply it to
other products.

[38]

Carbon
neutrality
management

WO2011106160

A service provider creates an emission reduction plan to
generate carbon reduction credits. A verification
report is created after verified the compliance of the plan.
A certification report is made after the authentication of
the first report and the reduction credits are deposited into
a trade account of the first entity. Using those credits, the
service provider creates carbon neutral products.

[39]

Environmental
performance
estimation

CA2863555 (A1)

Method to evaluate energy environmental performance that
includes: input data relative to an energy consumption
industrial operation; estimation of a first environmental impact
based on that data; selection of an implementation alternative
and estimation of the respective impact. Comparison of those
impacts and creation of an output with data indicating the
achieved improvements.

[40]

Environmental
certification
system and
method

US6490565 (B1)

Method for processing data to an environmental certification
program that defines a set of criteria that must be fulfiled
(Type I). The data processing method,verifies the compliance
of the criteria values. A continuous certification needs the
monitoring and data maintenance, and improvements if
possible.That should be periodically verified.

[41]

Patents are a particularly difficult subject because they are public, and when a company wants

to patent an idea or an object, they have to turn the information public and renounce to the privilege

of having confidential information. So, to protect their own interest, the titles and descriptions of

those patents tend to be confuse and vague with the least information possible. In this field of

research, the expected results were not found, but, on other side, it can also mean that there is

not yet anything patented within the research subject. The first patent in the table is the only one

found that is actually an eco-label and it just shows CO2 reduction and no efficiency information.
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The other ones are related to the subject with efficiency evaluation methods but do not mention

any type of label. As for companies it was also not found any references to label in similar

machines. There are some references to efficiency labels and green products, but most of them are

household appliances or electronic devices. As for industrial machines, specifically environmental

test chambers, there is no label implementation yet.

3.5 Policies

It is easy to understand the importance of the integrating innovation and environmental poli-

cies, once this is crucial to promote eco-innovation. Innovation policies are not yet fully related

to environmental ones, but closer integration could benefit both parties in putting efforts towards

sustainable development. There are, however, a lot of initiatives and programs to promote eco-

innovation (Section 4.3). In most of European countries, innovation policies are in charge of Trade,

Industry and Technology Ministries, while environmental policies are developed by Environment

Ministries and few efforts have been made so far to integrate both policies. The scenario nowa-

days is the focus of environmental policies on waste treatment, therefore, end-of-pipe solution and

consequently lower effects on innovation. On the other side companies do not have enough incen-

tive to innovate beyond that end-of-pipe solutions and standards typically impose great costs on

companies [4]. There are several advantages on integrating both types of policies. Environmen-

tal policies should be more innovation-oriented because it increases environmental effectiveness,

decouples economic growth from environmental pressure, reduces the cost of environmental mea-

sures, takes advantage of win-win opportunities and has benefits at the social and market levels.

Innovation policies more oriented towards environmental improvements, R&D promotion and fu-

ture technologies, help understanding innovation concepts once it is internalized by other policy

domains, and helps the focus of innovation, that is too broad to approach.

ISO standards 14040:2006 and 14044:2006 that were already approached in the Section 3.2

are also a support for many other policies as will be mentioned, once a life cycle approach is now

almost mandatory when evaluating energy efficiency (Figure 3.20).

3.5.1 Environmental and energy efficiency

Achieving a balance between environment, society and economy meeting the needs of the

present without compromising the ones of the future, means achieving sustainability. There is an

increasingly stringent legislation and growing pressure to fight against pollution, inefficient use of

resources, improper waste management and climate change.

Environmental policies aim at reduce pollution emissions, wastes, and environmental impacts

of products and service. Simultaneously, energy efficiency policies try to define requirements

to measure and quantify the efficiency of products and services and improve them by achieving

higher efficiency. In products to which already exist well defined and applicable legislation, there

are minimum standards and minimum compliance levels to be called efficient even to remain in

the market, in some cases.
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Figure 3.20: Wide application of life cycle perspective based policies [20]

The widest policy in environmental terms is the ISO 14001:2015, a standard on "Environ-

mental management systems – Requirements with guidance of use". It certifies companies by

evaluating their behaviour on environmental terms, and their efforts to cause the lowest impact

possible. An environmental management system has as main goals [42]:

• Protect the environment by preventing adverse environmental impacts;

• Assist organizations on the fulfilment of compliance obligations;

• Enhance companies’ environmental performance;

• Control the production method through a life cycle perspective;

• Achieve financial and operational benefits resulting from environmental measures’ imple-

mentation;

• Communicate environmental information to interested parties.

This standard is based on a PDCA (Plan-Do-Check-Act) cycle, that provides an iterative pro-

cess to achieve continuous improvement (Figure 3.21).

The main aspects to refer about this standard are the importance of understanding the orga-

nization, the needs and expectations of the interested parties and the scope of the environmental

management system. Moreover, it is crucial to define a environmental policy for the company and,

on the planning department, actions to address risks and opportunities must be a reflection topic.

Risk planning and handling, its communication and documenting is an emphasised topic given

its importance. In the “P” of the cycle, the environmental goals and plans to achieve them are

explained. On the Check part, it is important to monitor the processes by having a quality control

system that performs evaluation [42]. This is a well-known standard and nowadays is almost the

basic standard of a company follows the actuality concerns and subjects.



42 Sustainable manufacturing and eco-innovation

Figure 3.21: PDCA cycle [42]

In the ISO 14000 series there is one more standard important to approach, which is the ISO

14045:2012 of "Environmental management - Eco-efficiency assessment of product systems -

Principles, requirements and guidelines". This standard is completely within the context of this

study once it helps evaluating energy performance, although it is for product systems and not just

for the products. In fact, the evaluation of a product implies the evaluation of the system in which

the product is developed. Eco-efficiency enables and boosts the study of life cycle environmental

impacts of a product. That study is made using an LCA (Section 3.2) as stated in ISO standards

14040:2006 and 14044:2006. Consequently, these standards have a lot in common. Eco-efficiency

studies intend to establish a broad methodological framework for eco-efficiency assessment, en-

abling the use of that assessment for a wider range of product systems, providing guidance on the

interpretation of LCA results and the correct results reporting system. An eco-efficiency assess-

ment considers the entire life cycle of a product, from raw materials acquisition until final disposal,

through energy and material production and manufacturing, use phase and end-of-life treatment.

Phases of an eco-efficiency assessment are (Figure 3.22) [43]:

• Goal and scope definition (including system boundaries, interpretation and limits);
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Figure 3.22: Phases of an eco-efficiency assessment [43]

• Definition of the product system, function,functional unit and choice of indicators;

• Environmental assessment;

• LCI results, LCIA (Life Cycle Impact Analysis) and indicators’ results.

• Product system value assessment;

• Quantification of eco-efficiency;

• Interpretation (including quality assurance).

3.5.2 Eco-innovation

Innovation policies depend on the sector to which they are focused on because sectors differ

with regard to innovation’s general conditions, such as infrastructure requirements, capital inten-

sity, technological links, performance parameters and even technical change patterns. Provoked

by all of those differences, there are several types of innovation policies and they have distinct

impacts, limits and applicability.

In most of the sectors, innovation typology uses different types of instruments (or tools) that

can be distinguished in two levels. First, in a perspective way, they can be economic or regulatory,

and secondly they can be general or technologic-specific [44]. Economic policies tools aim to
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provide incentives to adopt low-emissions technologies while regulatory instruments try to control

companies’ actions, via emission, technological and performance standards. As for the other level,

general environmental policy instruments aim at increasing sustainability without pointing out

any specific technology while technologic-specific tool support technologies. In a more objective

perspective, there can be distinguished four innovation topologies, depending on the goal of the

policy and using just one or all of the policy tools (Figure 3.23).

Figure 3.23: Innovation topology [44]

An incremental topology involves small improvements on individual components, while mod-

ular innovations imply additions to, or substantial changes in the core design or concept of one

or more components. Architectural innovations mean reconfiguration of existing components into

a new product architecture, and lastly, a radical policy employs substantial changes in compo-

nents as well as in the product’s architecture [44]. Innovation policies, related to ecological or

environmental issues, that actuate in the industrial or automotive sectors are not many.

Important to be mentioned is the Directive 2009/125/EC of the European Parliament and of

the Council of 21 October 2009 establishing a framework for the setting of eco-design require-

ments for energy-related products. This directive emphasises the importance of taking actions

since the beginning of the product life cycle (reference to ISO 14040), which are its conception

and project phases. It aims to reduce the products’ environmental impact along their life cycle,

including raw material selection and extraction, product production, packing, transportation and

distribution, setting-up maintenance, use and end-of-life. It contributes to the sustainable devel-

opment by increasing energy efficiency and environmental protection level. Moreover, it includes

requirements for ecologic conception approaches, which should be quantifiable and in line with

the ecological product profile. Its appendices contain detailed information about the requirements,

the product life cycle phases, relevant environmental aspects, materials’ use, and information that

must be presented to the customers. It also points out the proceeding through which the candidate

declares compliance with the requirements [45].

Another piece of legislation relevant to this study is the Portuguese standard NP 4557:2007

on Management systems of Research, Development and Innovation (RDI) that applies to orga-
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nizations with RDI activities and it’s aligned with the ISO standards. It’s based on PDCA cycle

methodology to bring better results to companies’ processes and performance. Its requirements

are segmented into four sections: management’s responsibility, RDI planning, implementation

& operation and result evaluation and improvement. This standard assures that no opportunities

of creating new technology or registering patents are missed, helps companies’ competitiveness,

promotes strategic planning, develops innovative products and services, improves organizational

and operational efficiency, controls the products’ life cycle and helps identifying improvements

opportunities. CONTROLAR is already certified on this standard [46].
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Chapter 4

Eco-labelling

The eco-labelling chapter will provide a framework on the concept, its goals and responsible

entities and respective roles on the subject. Policies on thid field intend to regulate the eco-labelling

practices and enforce boundaries and requirements. Afterwards several eco-labelling programs

will be presented with a brief explanation of its features and scope of application.

4.1 Goals

Eco-labelling is all about delivering relevant environmental information about determined

product or service to its consumers through a label. This promotes several environmental goals

through consumers’ choices, once the displayed information can depend on that goal. Nowadays,

eco-labelling has a great impact on the market and business because it has influence on buy-

ers. In the USA the regulatory authority is the Environmental Protection Agency (EPA) and the

Department of Energy (DOE). In Europe is the European Commission, with reinforced coopera-

tion of member states experts and in Portugal is the “Direção Geral das Atividades Económicas”

(DGAE). In Portugal there are other entities listed by IPAC (Instituto Português de Acreditação)

that are accredited to make product certification, such as SGS and Certif [47].

Most environmental programs are intended on intervene both on the supply and demand sides

of the market. They influence the supply side by encouraging suppliers to produce energy-efficient

equipment, and incentive them to change both their products and their processes. On the demand

side the influence appears by limiting purchases to products compliant with some environmental

program [48]. However, without a reference pattern and third party verification the choosing

process can be confusing to consumers [49]. A product that complies with a set of requirements

can be identified by a label of the program to whose requirements correspond to.

Both companies and policy-makers should be very careful on how they communicate their

environmental achievements, whether by eco-labels or certifications, but also to whom are they

directing that information, whether it is to consumers or to other organisations. There are some

crucial factors that can determine the success or failure of an eco-label, and they are [50]:

47
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• Government support and credibility: private programs do not have that much success

because they have less credibility than the ones sponsored by the government. The govern-

mental support gives financial stability to a program;

• Budget: there is a direct proportion between the budget of a program and its scale of op-

eration. Normally, government financed programs have a much bigger budget and safety

margin. However, private labels can also raise funds through donations or grants and create

some budget for themselves;

• Publicity and partnerships: publicity is vital to increase consumers’ awareness and inter-

est, but it can also reach manufacturers. The promotion of a label can be strengthened with

promotional materials instead of just a label display. However, it depends on the support of

the program. Partnerships are also of great relevance to achieve recognitions, thus, publicity.

Partnerships can include organisations like government agencies, utilities, small businesses,

corporations or non-profit associations;

• Label clarity: when dealing directly with consumers, a label that is just a seal-of-approval

works better than a label with specific and a large amount of information. So, a simple label

may cause a better impact on consumers than a rich in information one. If the customers are

other organisations, it might work better otherwise.

• Targeted product category: it is more effective targeting one product at a time than trying

to go for a lot of them. Programs are design for minimal investment and quick return. The

target-product should be selected based on two criteria:

– Large room for improvements in product standardization;

– Improvements that can be achieved with relatively little effort.

• Legislative mandates: besides government sponsorship there are other actions that can

help determined programs, e.g. federal law stating mandatory labels on certain products

will force manufacturers to display information and give visibility to programs;

• Incentives: incentive promotions have great effect on producers’ and consumers’ behaviour,

e.g. offering awards and recognition to programs in public ceremonies or giving better

payment plans to consumers if they buy a green product.

4.2 Policies

Any business involved in improving the environmental aspects of their products should con-

sider complying with an appropriate policy to do so. Policies play a big role promoting the adop-

tion of energy efficiency technologies given the links between energy use and environmental con-

cerns. Carefully design regulatory interventions can stimulate actions that simultaneously reduce
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energy use and the effective costs of energy services. Voluntary programs have significant po-

tential to improve economic efficiency through engagements between government agencies and

private-sector firms. These agreements, if well designed, can lead to improvements both on the

technical efficiency of energy use and also the economic efficiency of resource allocation [48].

As shown above, policies can have a great influence on how well labelling programs are han-

dled by the market. Relative to the bullet points in Section 4.1, policy-makers should have com-

plying attitudes to improve effectiveness and engagement on the programs [50].

Depending on to whom is the information addressed there are also different ways to com-

municate it. The two major ways of communicating environmental aspects are environmental

declarations or eco-labels. In this context, ISO identified three types of environmental declara-

tions and developed a standard for each one of them [49]. ISO14020 series, provides businesses

with a globally recognized set of benchmarks against which they can prepare their environmental

labelling.

Type I - Environmental labelling

This labelling type is ruled by ISO 14024:2001 of “Environmental labels and declarations –

Type I environmental labelling – Principles and procedures”. This certification is based on the

participation on an independent and voluntary environmental program, that, by the compliance of

a set of criteria, awards products with eco-labels, thus, allowing promotion according to its en-

vironmental performance and life cycle considerations. This standard includes principles to the

selection of product categories, product environmental criteria, product functional characteristics

and to the assessment and demonstration of compliance. It also establishes the certification proce-

dures for awarding the label [51]. Type I eco-labels refer to multi-criteria seal-of-approval. Some

of the principles of this standard are the following [52]:

• Environmental labelling programs should be voluntary;

• Compliance with environmental and relevant legislation is required;

• The whole product life cycle must be considered when setting product criteria;

• Environmental criteria must be defined in a way that differentiate preferable products from

others, on a measured difference in environmental impact;

• Criteria is based on indicators related to life cycle considerations.

Type I eco-labelling programs need to be transparent across all the development and operation

phases. Transparency implies availability of documents such as: product categories’ selection, cri-

teria selection and development, product function characteristics, testing and verification methods,

certification procedure, review and validity periods, funding sources for the programme develop-

ment and compliance verification. This kind of labelling programs involve an iterative processes

of [51]:
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Table 4.1: Typical product environmental criteria selection matrix [51]

Stage of the
life cycle Environmental input/output indicators

Energy Resources Emission to Other
Renewable/non-renewable Renewable/non-renewable water air soil

Resource extraction
Production
Distribution
Use
Disposal

• Consultation with stakeholders;

• Selection of product categories;

• Development, review and modification of environmental criteria;

• Identification of product function characteristics;

• Establishment of certification procedures and other administrative elements.

The selection of product criteria should be conducted by a feasibility study that should include

the initial selection, a market survey, suppliers’ consultation, environmental impacts potential and

needs, definition of scope, availability of data and applicable legislation and agreements. The

product criteria’s development can be aided by the relation between the stages of the product’s life

cycle and its major inputs and outputs (Table 4.1).

The criteria selection also implies the choice of qualitative and quantitative indexes, numerical

reference values for each criterion, test methods, procedures and test laboratories. An independent

organisation sets the criteria, the manufacturer claims to comply with them and a verification is

made by an independent third party.

Type II – Self-declared environmental claims

This type of environmental claims is regulated by the ISO 14021:2010 standard for “Envi-

ronmental labels and declarations – Self-declared environmental claims (Type II environmental

labelling)”. This standard is extremely wide in its application and deals with claims that are de-

veloped by the manufacturers themselves, importers or distributers with the goal to communicate

information about environmental aspects of its products or services. Environmental claims may

take the form of statements, symbols or graphics on products their packages. This standard is a

critical tool for manufacturers that are making environmental claims for their products and it is also

a reference for advertising. In this type of claim, the assurance of reliability is essential to avoid

negative market effects, thus, the evaluation methodology should be clear, scientifically-based and

documented [52]. The objective of this standard is the harmonization of the use of self-declared

environmental claiming, and, when reached, it could bring benefits like [53]:
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• Accurate and verifiable claims that are not misleading;

• Increased potential for market to stimulate environmental improvements in production, pro-

cesses, and products;

• Prevention of unwarranted claims;

• Reduction of marketplace confusion;

• Facilitation of international trade;

• Increased opportunity for purchasers or user to make more informed choices.

All the claims must be accurate and not misleading, substantiated and verified, unlikely to

result in misinterpretation (e.g. don’t use terms like “eco-friendly” or “sustainable”), relevant to

the product. There is a list of terms mentioned in the standard that are commonly used in self-

declared claims with a respective list of requirements to fulfil in order to apply that term to the

product. The claims that most relate to this study are: reduced energy consumption and reduced

resource use [53]:

• Reduced energy consumption: the usage of this term implies “reduction in the amount of

energy associated with the use a product performing the function for which it was conceived

when compared with the energy used by other products performing the same function”.

The measures shall be proceeded in accordance to test standards and the calculations in

accordance to statistical processing.

• Reduced resource use: the term implies the reduction of raw material or energy used to

manufacture a product.

The use of symbols in a claim is optional but, if used, should be simple, easily reproducible, sized

to suit the product and differentiated from others. The requirements used are at the claimant re-

sponsibility and they should enable comparisons. The methods used to define and verify them

should also be available. Documentation about test procedures, methods and test results must be

kept.

Type III – Environmental declarations

ISO 14025:2010 for “Environmental labels and declarations – Type III environmental decla-

rations – Principles and procedures” is the standard that drives the Type III declarations which

are voluntary. This type of certification is called an EPD (Environmental Product Declaration)

and it contains information based on the prodicts’ LCA represented trough diagrams that illustrate

relevant environmental indicators followed by its interpretation. These declarations’ importance

is growing within business to business (B2B) relations. The standards specify procedures for ad-

dressing quantified environmental information based on the ISO 14040:2006 standard about LCA
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and LCI. Therefore, the comparison between products of similar functions is made through their

environmental performance across their life cycle. Environmental declarations [52]:

• Are based on independently verifications of LCA data and LCI analysis that reflect the

products’ impact, and additional environmental information;

• Are developed using predetermined parameters;

• Are subjected to an administrator of a program;

• The output declarations serve communication purposes of environmental performance within

clearly defined Product Category Rules (PCR) and service types.

PCR are a set of specific rules, requirements and guidelines, for developing Type III decla-

rations to one or more product categories. A product category is a set of products with similar

functions. Type III declarations follow principles based on characteristics such as modularity,

involvement of all interested parties, comparability, transparency, flexibility and verification.

The program is accessible to all organisations interested in developing a PCR or an EPD. The

program operator is responsible for the management of its declarations. It is also responsible for

preparing, maintaining and communicate general instructions, publishing the names of involved

organisations and interested parties, ensuring that the requirements are followed, define a backup

process to safeguard consistency of data, maintain information public, publish PCR documents

and EPDs within the program, and ensuring the selection of independent verifiers [54].

Each PCR contains specific instructions detailing data collection methods, conversion of those

data into the pre-set indicators, and the format of information presentation. PCR documents shall

include:

• Product category description and definition;

• Goal and scope of the LCA (with functional unit, systems boundary, criteria to choose input/

output and data quality requirements);

• Inventory analysis (with data collection, calculation procedures and allocation of materials

and energy flows);

• Impact selection and calculations;

• Predetermined parameters;

• Requirements for additional information;

• Materials and substances to be declared;

• Instructions for producing data and content format;

• Validity period.
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The development of PCR follows a multi-phase proceeding that is going to be approached in

Section 5.3.1.3, as well as further information on EDP proceedings and requirements. Type III

declarations must be reassessed and updated as necessary to cope with technologic enhancements.

The program operators establish minimum requirements of competence of the verification bod-

ies. The independent verifiers should have knowledge of the sector, product and product-related

aspects, process and product category, expertise on LCA methodology, knowledge of standards

relevant to the subject, and even knowledge of Type III Environmental Declarations. In Appendix

D can be found a workflow and respective entities for the creation of a PCR .

Eco-labelling directive

Parallel to those 3 types of environmental labelling there is an efficiency labelling directive that

imposes some ground rules on the process of awarding an eco-label. The Directive 2010/30/EU

of the European Parliament and of the Council of 19 May 2010 on the indication by labelling and

standard product information of the consumption of energy and other resources by energy-related

products. This directive establishes a framework for the standardization of national measures

available to the consumer, by labelling and harmonizing product information on the consumption

of energy and other relevant resources, allowing consumers to make an informed choice.

Energy-related product is any product with an impact on energy consumption released to the

market, or product’s parts destined to incorporate energy-related products. This directive dis-

tributes and explains each entity’s responsibility, such as Member States, suppliers and distribu-

tors.

Products that have potential for energy savings or other resources, relevant performance and

that comply with applicable legislation, should be attributed with a delegated act that specifies

exactly the product type, the applicable standards and measuring methods used to obtain such

savings or performances. The delegate act should also specify technical documentation demands,

the predicted label format and content, the label place on the product, and specific label contents

for marketing purpose [55].

This directive is most applied to the already existing label scheme of eco-efficiency that differ-

entiates products by its efficiency on a scale from A+++ to G and that applies mostly to household

appliances and is now starting to appear in heating and cooling equipment. It may be possible to

apply this directive to other kind of efficiency labelling but a more in-depth study needs to be done

by law experts.

There is a more recent Directive, from 2012 that establishes a framework of measures to pro-

mote energy efficiency to assure the UE goal of achieving 20% reduction on energy efficiency

matter until 2020. It’s the Directive 2012/27/UE of the European Parliament and of the Council of

25 October 2012 on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU. It sets

ground rules to eliminate barriers in the energy market and to overcome difficulties that impede

the distribution and utilization of energy. It approaches the efficiency in buildings, energy distri-

bution used in heating and cooling activities, its transformation and transport, energetic services
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and certification. In appendices it also establishes minimum criteria for intern energy audit, and

framework for energy reports. This Directive integrates the eco-design mentioned in Section 3.5

and the eco-labelling directive mentioned above [56].

4.3 Programs Type I: Environmental labels

Since investments in energy efficiency tend to have a high rate of return, with proper publicity

campaigns, energy-efficiency labels can affect consumer behaviour leading to higher market pen-

etration of energy efficiency products. Given this, it is also expectable that the number of available

eco-labelling programs with its own eco-labels is increasing.

In Table 4.2 several programs are going to be analysed, along with its responsible entities,

and main purposes. It is important to emphasise that Energy Star has a partnership with Energy

Guide once some certified products, additionally to the seal-of-approval from Energy Star, have

displayed environmental information through an Energy Guide label. The Energy star and EU

Ecolabel programs will be further discussed on Sections 5.1.1 and 5.1.2 respectively.
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Figure 4.1: Eco-label programs’ logos



Chapter 5

Eco-innovation methodology proposal

This chapter is a set of proposals for eco-innovation labelling, with different outputs. The

first two options comply with environmental programs with a label as a result. The third one

is a normalized environmental report, an Environment Product Declaration. All the proposals

follow one of the ISO 14020 series, specifically the 14021:2001, 14024:2001 and 14025:2010

(Section 4.2). ISO 14020 series refers to environmental declarations, and each standard applies

to a different type of declarations. ISO 14021:2001 refers to Type II self-declared environmental

claims, made by the producer and following few requirements. ISO 14024:2001 is for Type I

eco-labelling schemes, which award a mark or a logo based on the fulfilment of a set of criteria.

It’s the classic labelling scheme and the most well-known. ISO 14025:2010 refers to the Type

III environmental declarations, which consist on a formalized set of environmental data describing

products’ environmental aspects based on its life cycle. The EPDs are based on a criteria document

called PCR.

The chapter starts by exposing and analysing products’ categories and criteria for attribution

of Type I labels, namely the Energy Star and the EU ecolabel. Product’s group and criteria are also

analysed for the EPD. Afterwords a SWOT analyses of each type takes place, and a consideration

of what might be the best solution to this project.

5.1 Type I: Environmental Labelling

The next two labels were chosen because of their credibility and broadness in terms of product

category appliances. Also, they are expanding to new groups of products, so there’s a possibility of

expansion to machines similar to CONTROLAR’s. They are the most recognizable and embedded

in the market being the ones that the customers most rely on. In addition, these labels are the basis

of many others.

The selection of the criteria to obtain a certification was driven in coherence with this work.

Therefore, both the products’ category and criteria chosen are the most similar to the object of this

study, and that most adapt to this situation.

ty
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5.1.1 Energy Star

Energy Star is a governmental program created in the USA that symbolizes energy efficiency

of products (Section 4.3). The label was first established to reduce GHG and other pollutants and

also to support consumers in the identification and purchase of efficient products that should offer

more savings in energy bills without compromising its own performances.

5.1.1.1 Categories

Table 5.1 lists all the categories and groups of products eligible for certification [69].

Table 5.1: Energy star category products [69]

Category Products
Appliances Air purifiers (cleaners) Dehumidifiers

Clothes dryers Dishwashers
Clothes washers Freezers
Commercial clothes washers Refrigerators

Heating & Cooling Air-source heat pumps Geothermal heating & cooling
Boilers Light commercial heating & cooling
Central air conditioner Room air conditioner
Ductless heating & cooling Ventilation fans
Furnaces

Building products Residential windows, doors & skylights Seal an insulate
Roof products

Lighting Ceiling fans Light bulbs
Commercial light fixtures Light fixtures
Decorative light strings

Commercial food service Dishwashers Ice makers
Fryers Ovens
Griddles Refrigerators & freezers
Hot food holding cabinets Steam cookers

Office equipment Computers Monitors
Data center storage Small network equipment
Enterprise servers Uninterruptible power supplies
Imaging equipment VoIP phones
Large network equipment

Electronics Audio/video Slates & tablets
Professional displays Telephones
Set-top boxes & cable boxes Televisions

Other Pool pumps Water coolers
Vending machines

Water heaters Commercial water heaters Solar water heaters
High efficiency electric storage water heaters Whole home tankless gas water heaters
High efficiency gas storage water heaters

5.1.1.2 Criteria

The evaluation criteria analysis is made by exploring a whole category and some individual

products with interest for this project. The goal of exploiting a whole category is find criteria’s pat-

terns in similar products. Differences and resemblances were searched as well as the requirements



5.1 Type I: Environmental Labelling 59

to apply, the legislation to fulfil and reference values.

The category chosen was the Appliances one, as most of the products are machines. The

advantage is the fact that they are machines where the concept of energy efficiency is already well

established, but, on the other hand, they are not similar to the machine of this project.

Most of the criteria is measured in the metric system used in USA, as this is an American

program. The units were not converted because when there are reference values those values are

altered if the units change, although for this study the values are not relevant.

Individual equipments

a) Imaging equipment

Firstly, imaging equipment is divided in two groups: office multi-functions devices, called TEC

(Typical Electricity Consumption) and home ink printers called OM (Operational Mode). There

are tables defined with reference values for the criteria in [70]. Typical Electricity Consumption

criteria are:

• TEC requirements [kWh/week]: depend on the speed [img/min] and color capabilities;

• Automatic duplexing requirements: are of mandatory integration depending on the prod-

uct type and speed [img/min],

• Digital front-end (DFE) requirements: depend on type and category of DFE.

As for Operation Mode criteria:

• Maximum sleep mode power allowance [W]: according to the equipment’s technology,

format and type.

• Maximum standby power allowance: 0.5W independently of the product;

• Delay time to sleep mode [min]: depend on the speed [img/min], format and product type.

b) Computers

Computers are divided into desktops, integrated desktops, laptops, workstations, small-scale

servers and thin clients. Energy Star certified computers have operation modes as off, sleep and

idle, and follow the version 6.1 of energy efficiency requirements for computers. For the first three

types, mentioned requirements are [71]:

• ETEC (Typical Energy Consumption) [kWh/year]: calculated by the formula where [Px] is

the power consumption for each mode and [Tx] is the respective time [h] per year. Typical

values are given in the requirements on the version 6.1.

ET EC =
8760

1000∗ [Po f f ∗To f f +Psleep ∗Tsleep +Plongidle ∗Tlongidle]
(5.1)

• Power supply: reference values stated for minimum efficiency depending on the output;
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• Power management:

– Display sleep mode: within 15 minutes of inactivity;

– System sleep mode: within 30 minutes of inactivity;

– WOL (wake on LAN) functionalities.

c) Monitors

Monitors include displays, digital frames and professional signaling. It is supplied a table

with reference values in [72]. They should have automatic brightness control and the following

requirements:

• On mode power requirements:

– Formulas given depending on the screen size [diagonal inches] and pixel density [pixels/in2];

– Formulas require the screen resolution, and its area;

• Sleep mode power requirements:

MAX_Psleep = 0.5+PDN +PADD (5.2)

– PDN is the power of networking and bridging equipment (USB, wi-fi, ethernet);

– PADD is the power of additional capability (occupancy sensor, memory cards).

• Off mode power requirement:

– Poff should be equal or less than 0.5W

d) Air-source heat pumps

These products are divided in two types, either they are air-source heating pumps or central air

conditioners. Both of them can be classified in single package (with all major assemblies in one

cabinet) or split system (with one or more major assemblies separated). Relatively to the criteria

is given a table with maximum values of each indicator, for every combination of product types.

To this kind of products some predefined measures are used [73]:

• HSFP (Heating Seasonal Performance Factor) [Btu/Wh]: is the total space heating di-

vided by the total electrical energy consumed by the pump during that season;

• SEER (Seasonal Energy Efficiency Ratio) [Btu/Wh]: is the total heat removed from the

conditioned space during the annual cooling season, divided by the total energy consumed

by the product in the same season;

• EER (Energy Efficiency Ratio) [Btu/Wh]: is the average rate of the space cooling delivered

divided by the average rate of energy consumed by the product;



5.1 Type I: Environmental Labelling 61

Category: Appliances

a) Clothes washers

Only machines with capacity above to 45L and bellow to 170L are eligible. Current criteria

levels are presented with some values of indicators depending on the product type [74]:

• Modified Energy Factor [ft3/kWh/cycle]: measures energy performance . The higher the

value, the more efficient the machine is:

MEF =
C

M+E +D
(5.3)

– C is the capacity of the container;

– M is the machine electrical energy consumption per cycle;

– E is the hot water energy consumption per cycle;

– D is the energy to remove remaining moisture of the wash load;

• Integrated Modified Energy Factor [ft3/kWh/cycle]: measures energy performance. The

higher the value, the more efficient the machine is:

IMEF =
C

M+E +D+L
(5.4)

– L if the combined low power mode energy consumption

• Water Factor is the water performance for commercial machines comparison. The lower

the value, the more water efficient the machine is:

WF =
Q
C

(5.5)

– Q is the water consumption for cold water per cycle;

• Integrated Water Factor is the water performance for residential machines comparison.

The lower the value, the more water efficient the machine is:

IWF =
QA

C
(5.6)

– QA is the water consumption for all wash cycles;

In parallel with the Energy Star label, the Energy Guide label is used to complement with

relevant information about annual consumptions and cost, information that is not present on the

Energy Star label.

b) Clothes dryers

These machines have some characteristics that help their savings potential such as moisture

sensors, to shut off the machines when the clothes are dry. For this certifications only gas or

electric compact machines are eligible. Criteria to evaluate clothes dryers’ efficiency can be [75]:
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• Combined Energy Factor [lbs/kWh]: measures efficiency performance. The higher the

value, the more efficient the machine is:

CEF =
C

Eon +Estandby
(5.7)

– C is the load size [lbs];

– Eon is the machine’s electric energy use during operational cycles;

– Estandby is the machine’s electric energy use during stand by cycles;

– There are given different reference values according to the product type, and the max-

imum test cycle time should be 80 minutes.

c) Dishwashers

An Energy Star certified machine can save during its life cycle around 6000L of water. These

machines have some savings helping features such as dirt sensors, that test dirt in dishes and adjust

the washing cycle, improved water filters, more efficient water jets and better rack organisation.

Selected criteria are [76]:

• Equipment capacity, energy consumption [kWh/year] and water consumption [gallons/cycle]

current criteria values are given;

• EF is the Energy Factor and the higher its value, the more efficient the machine is:

EF =
1

M+W
(5.8)

– M is machine electrical energy per cycle;

– W is the water heating energy consumption.

In parallel with the Energy Star label, the Energy Guide label is used to complement with

relevant information about annual consumptions and costs, information that is not present on the

Energy Star label. This certification requires a certain type of test standards by the DOE.

d) Dehumidifiers

Relatively to non-certified models by Energy Star, certified ones can save 225 kWh/year be-

cause they have more efficient components. Relatively to criteria, are given reference values de-

pending on the product capacity in [pints/day] [77]:

• Energy Factor under test conditions [L/kWh]: reference values according to the capacity

classification. Higher EF values mean higher efficiency.

e) Air-purifiers

Energy Star certified air purifiers are 40% more energy-efficient than traditional ones. To be

eligible the product must produce a minimum 50 CADR. There are some criteria to fulfil to earn a

label [78]:
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• Minimum performance: 2.0 [CADR/W]

• Stand by power: 20 [W] for models with secondary consumer functions;

• UL Safety: meet UL (Underwriters Laboratories) Standard 867 to limit ozone emissions

(under 50ppb);

• CADR (Clean Air Delivery Rate): measures how quickly the equipment delivers filtered

air. The higher the value, the quicker the room air is purified. This measure is in accordance

with the standard ANSI/AHAM AC-1 of air cleaning certification.

f) Refrigerators

Energy efficiency is being improved thanks to better insulation and compressors. There are

only eligible products with no more than 39 ft3 of refrigerated volume. There are defined criteria

for refrigerators, refrigerators-freezers and freezers [79]:

• The current criteria level independently of the type of product states that it should use

10%less energy than the minimum federal efficiency standards. These standards are de-

fined by DOE and depend on the product’s size, configuration and functionality.

Category: Appliances

In the products analysed the indicator Energy Factor is referred as an efficiency measure but

it is not calculated the same way across different products. In addition, the other indicators, or

criteria, strongly depend on the kind of product and its functionalities, thus they are not transversal

through the category, so there is not a visible pattern of criteria to measure eco-efficiency. In

each subcategory the range of reference values for each criterion is explicit. It is important to

mention also the Energy Star partnership with Energy Guide to show values and transmit important

efficiency features to consumers, once the Energy Star label is a seal-of-approval. The Energy

Guide information displayed does not contain the indicators results but annual consumption energy

and costs averages. In addition to the criteria and measures presented by Energy Star, a lot of

advice concerning responsible environmental attitudes and good practices to improve savings are

also well enforced.

5.1.1.3 Procedure

First is necessary to check the product’s eligibility. The product must be eligible to pass the

evaluation of the competent certification body. Products are eligible when they fit the energy

efficiency requirements imposed by the program. EPA is the entity that defines which are the

products to enter the program as new categories or subcategories, and its specifications. Those

categories and specifications are based on eligibility key principles [80]:

• Products’ categories must deeply contribute to energy savings at a national level;

• Performances and functionalities must be useful to consumers, beyond energetic efficiency;
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• If a certified product is more expensive than a similar non-certified one, consumer’s invest-

ment on the most expensive product should be returned through savings in utility bills within

a reasonable time;

• Products’ energy efficiency should be possible to achieve through several non-proprietary

technologies and there must be competitiveness in the market for that product;

• Energetic consumptions and performance must be measured and verified through tests;

• The label truly differentiates products and will influence the sales.

Then is made contact with the national competent body. It is important that the candidate has in

mind that a certification is also a commitment on:

• Measuring, tracking and comparing energy efficiency with other products’ performance;

• Develop and implement a plan to improve the performance through Energy Star principles;

• Educate interested parties and the general audience on partnerships and developments;

The competent body shall provide the company with the appliance formulary to fulfil. That

formulary must be complemented with a folder containing all the relevant information about the

product, such as, realized tests and certified labs, declarations of conformity, technical documents,

datasheets, user guides, etc. Each category and subcategory has its own application manual.

In the evaluation phase, the competent body analyses all the information, verifies the confor-

mity and veracity of all the documentation and the fulfilment of the requirements. If the application

is approved, the label can be attached to the product and then it’s up to the company to make good

use of it as a differentiating aspect in its marketing strategy.

5.1.2 EU ecolabel

EU ecolabel is a governmental voluntary program created by European commissions that helps

consumers to “identify products and services that have a reduced environmental impact throughout

their life cycle” [81]. Customers can identify certified products in the Europe Union, Norway,

Liechtenstein and Iceland. It is on more than 300 products across all Europe that cover consumer

goods (except food, drinks and medicines) and services [82]. There is an increasing trend to

the harmonization of criteria, which is an advantage to manufacturers. Some national competent

eco-labelling bodies analyse the UE criteria for some products and try to adapt them to its own

country before creating new and different criteria. In this way, if the criteria are relatively similar,

manufacturers can choose one or another label or even both (the national one and the EU ecolabel)

and they only pay the fees of the UE ecolabel.

5.1.2.1 Categories

In Table 5.2 lists all the categories and respective products [83].
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Categories of food and feed products, office buildings and cleaning services are under devel-

opment.

5.1.2.2 Criteria

Environmental criteria arise as a result of scientific studies and consultation by the EUEB

(European Union Ecolabelling Board) which is composed by competent entities from the coun-

try members, environmental NGOs (non-governmental organisations), industrial associations and

SMEs’ representatives.

A similar analysis to Energy Star’s criteria is made, by evaluating individual products and an

entire category. The Electronic equipment category was chosen because it contains the majority of

subcategories that are worth to exploit, and it is the category that probably has the most adaptable

criteria to this project. This program is more oriented to final-use products or direct consumable

goods in comparison to the Energy Star.

Individual products

a) Heat pumps

The criteria for this product are stated by the Commission Decision of 9 November 2007

establishing the ecological criteria for the award of the Community eco-label to electrically driven,

gas driven or gas absorption heat pumps. This Decision was amended by the Commission Decision

of 13 June 2014 but the criteria are not yet updated. The criteria use 3 indicators that are now

explained [84]:

• COP (Coefficient of Performance): is the ratio of heat output to electricity/gas input;

• EER (Energy Efficiency Ratio): is the ratio of cold output to electricity/gas input;

• PER (Primary Energy Ratio): is the COP multiplied by a constant that differs depending

on the type of pump.
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Table 5.2: EU ecolabel category products [83]

Category Products

Cleaning up All-purpose cleaners and sanitary cleaners

Detergents for dishwashers

Industrial and institutional automatic dishwasher detergents

Hand dishwasher detergents

Laundry detergents

Industrial and institutional laundry detergents

Clothing and textiles Textiles

Footwear

Do-it-yourself Paints and varnishes

Electronic equipment Imaging equipment

Personal computers

Notebook computers

Televisions

Coverings Wooden floor coverings

Hard coverings

Furniture Wooden furniture

Gardening Growing media, soil improvers and mulch

Household appliances Heat pumps

Water-based heaters

Lubricants Lubricants

Other household items Bed mattresses

Sanitary tapware

Flushing toilets and urinals

Paper products Converted paper

Newsprint paper

Printed paper

Copying and graphic paper

Tissue paper

Holiday accommodation Campsite services

Tourist accommodation services

Other Rinse-off cosmetics products

Absorbent hygiene products
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Testing shall be performed according to EN 14511:2004 and EN12309-2:2000 depending on

the cases. It is provided a table with minimum and maximum reference values for the indicators

referred depending on the type of pump. The main criteria are:

• Efficiency in heating mode: minimum values for COP and PER;

• Efficiency in cooling mode: minimum values of for EER and PER ;

• Refrigerants: limits and indications on the refrigerants’ GWP (Global Warming Potential);

• Noise: information on the products’ file shall be tested in accordance with ENv-12 102;

• Documents: user guide to installation and maintenance and guidance for operating the

product;

• Information file: available at the point of sale, providing advice to customers. To the

installers shall be provided tools, programs, and calculation method including seasonal per-

formance and efficiency ratios, EPR and annual CO2 emissions.

Category: Electronic equipment

a) Imaging equipment

This subcategory is regulated by the Commission Decision of 17 December 2013 establishing

the ecological criteria for the award of the EU ecolabel for imaging equipment. In this decision

the criteria that the product needs to follow are presented, such as [85] :

• Paper management (multi-page and duplex printing and possibility to use recycled paper);

• Energetic efficiency:

– Follow the energy consumption requirements of Energy Star v2.0;

– Energy consumption in stand by:

∗ Maximum consumption: 1,5W (when power source supplies more than 750W);

∗ Declaration of conformity and a test report declaring standby consumption.

• Atmospheric emissions

– According to the Blue Angel standard of July 2012;

– Test report made by an EN ISO 17025:2005 certified laboratory;

• Noise emissions

– Maximum noise emissions: 75dB;

– Declaration of conformity and test results according to the ISO 77793 standards.

• Reuse, recycle and end of life:
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– Test report with a diagram for disassemble, that must be achievable with normal main-

tenance tools.

b) Personal computers

Personal Computer criteria are defined by the Commission Decision of 9 June 2011 on es-

tablishing the ecological criteria for the award of the EU ecolabel for personal computers. All the

realized tests to prove the requirements fulfilment must comply with the ISO 17025:2005 standard.

The main criteria are [86]:

• Energy savings:

– Performance above the efficiency requirements to the respective category on the En-

ergy Star v5.0 criteria;

– Screen performance in on mode 30% above the Energy Star v5.0 criteria;

– Screen power consumption :

∗ Sleep mode: 1W maximum;

∗ On mode (maximum brightness): 100W maximum;

∗ Off mode: 0.5W maximum

• Energy management:

– energy management system activated by default and defined to:

∗ 10 minutes until screen deactivation;

∗ 30 minutes until system deactivation;

• Power sources:in accordance with Energy Star v5.0 criteria

• Noise: in conformity with ISO 9296:

– 40dB maximum in idle mode;

– 45dB maximum when accessing a hard-drive disk;

c) Notebook computers

This subcategory is regulated by the Commission Decision of 6 June 2011 on establishing the

ecological criteria for the award of EU ecolabel for notebook computers. All the tests must be

made in a laboratory certified with ISO 17025:2005 standard. Some of the most useful criteria are

[87]:

• Energy savings:

– Performance above requirements of categories A, B or C defined by Energy Star v5.0

on, respectively, 25%, 25% and 15%.

• Energy management:



5.1 Type I: Environmental Labelling 69

– Setting activated by default:

∗ 10 minutes until screen deactivation;

∗ 30 minutes until system deactivation;

• Noise:

– 32dB maximum on idle mode;

– 36dB maximum when accessing a hard-drive disk;

• User guide:

– Energy consumptions;

– Information that the energy efficiency will save money by consume less energy;

– Indications on how to reduce consumptions (in off mode, brightness, etc);

– Indications on the disposal and elimination;

The applicant should provide declarations of conformity with the requirements and a copy of the

label exactly how it is intended to appear in the product.

d) Televisions

This subcategory is regulated by the Commission Decision of 12 March 2009 establishing the

revised ecological criteria for the award of the Community eco-label to televisions. In the decision

is recommended that in the applications and requests for the label, environmental management

systems should be taken into account, such as EMAS (Eco-Management and Audit Scheme) or

ISO 14001. The main criteria to be mentioned are [88]:

• Energy savings:

– Consumption on standby: 0.3W maximum ;

– Consumptions in on mode: 200W maximum;

– Test report showing tests under use condition in accordance with IEC 62087.

• User guide:

– Energy consumptions of all operation modes and respective savings;

– Annual average consumptions [kWh] on an estimated use time of 4 hours/day;

– Information that energy efficiency reduces consumption thus saving money;

– Indications on how to reduce consumptions when not using the equipment;

– Indications on the elimination.
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Category: Electronic equipment

In the electronic products’ category, it could be identified a pattern of criteria across subcat-

egories of equipment. With changes in some details and values, all subcategories have similar

criteria such as energy management, energy savings, noise emissions, user guides and information

to display. This pattern can be identified by two motives: either it is because of the type of prod-

ucts itself that it is logical to evaluate energy efficiency on the same terms, or it can be because

of the program, that tries to harmonize all the criteria. This last motive is less probable because,

as mentioned, a lot of criteria for electronic equipment in the program depends on Energy Star

criteria. The EU ecolabel seems to be more restrict in terms of compliance with requirements and

needs for declarations and tests reports. In every case, can be attached information on the label by

an additional text box declaring energy efficiency, lower global warming impacts, CO2 emissions

reduction, or other aspects.

5.1.2.3 Procedure

If a product is original from only one member-state, then manufacturers must contact the

national competent body for its certification. If the product comes from several state members,

then it’s possible to choose any of the state members to which present the appliance to. In the case

of the product being produced outside de UE the appliance must be presented to one of the state

members in which the product is going to be marketed. In a general framework, an application

goes through the following steps [49]:

• Appliance presentation;

• Appliance evaluation and approval;

• Contract signature;

• Monitoring on what refers to ecological criteria.

The steps to an application to UE ecolabel are:

1. Verify product’s eligibility: confirm if the product fit in one of the existing categories of

products and check the category’s criteria. The product is eligible for EU ecolabel if [89]:

• It is supplied for distribution, consumption or use in the Europe Economic Area Market

(EU, Iceland, Norway and Liechtenstein);

• It is included in one of the established non-food and non-medical product groups.

2. Verify the organisation eligibility: manufacturers, importers or service providers can all

apply to the program. Merchants and retailers can also apply but only with their own prod-

ucts or brands.

3. Contact the national competent body: it is the national body responsible for the applica-

tions in the product’s manufacture country. The competent body shall provide the applica-

tion form.
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4. Fill the application form: This step uses a tool called E_cat that needs companies’ creden-

tials. In the application phase there should be a period of tests and data collection where

a support folder with additional information must be built. Information such as technical

aspects to prove the requirements compliance, test reports following several standards men-

tioned above, declarations of conformity, companies’ certifications, etc.;

5. Submit application form and wait for approval;

6. Promote the product with a solid market strategy.

5.1.3 SWOT

In addition to criteria and procedures to get a Type I eco-label it is important to make a critical

analysis of several aspects. A SWOT analysis is made (Table 5.3) to emphasise the advantages and

disadvantages of applying to a Type I program. This kind of analysis is necessary when making

strategical decisions because it allows to evaluate several external and internal influences. The

bullet point are ten further explained.

Table 5.3: Type I SWOT analysis

Strenghts Weaknesses

-EU: European program with responsible
entities in the member states
-Public recognition
-Credibility
-Priority in purchases to efficiency
oriented organisations;

-ES: American program regulated by
American entities
-Needs audits
-Criteria ignore life cycle aspects
-Labels do not have quantifiable
data
-No existing suitable product category
-Tests costs

Opportunities Threats
-Creation of a category
-Official labels (guarantees external
verification)
-Guarantees products’ efficiency,
quality and durability

-Creation of a category
-Diverse existing programs
-Very slow process (category
creation)

• Strengths:

– Public recognition: refers to the connection with clients. A well-known label gives

comfort and familiarity, making customers more willing to purchase labelled products;

– Credibility: clients know that labelled products are better to the environment. Al-

though they might know how or why does they believe (and have that guarantee) that

they are buying products less harmful to the environment;
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– Priority in purchases: Organisations with environmental- or efficiency-oriented mind-

sets and policies have as priority efficient products on their purchase decisions. This

way, although a label is an advantage point, at the same time it might not have suffi-

cient information.

• Weaknesses:

– Energy Star: It is an American program, and there are not a lot of entities certifying

products on that program in Portugal;

– Needs audits: This kind of programs need an intense audit process. First an internal

audit to check as much compliance as possible, then an external one by experts and

lastly an audit by the certifying entity;

– Criteria ignore life cycle aspects: Although they are energy efficiency programs,

distribution and transportation are not included in the concerns, and are activities with

substantial consumption. EU ecolabel has criteria of disposal and recycling products,

but all the previous phases are not taken into account on any program;

– Labels do not have quantifiable data: Most labels are only a sticker with a logo,

without numeric detail on specific efficiencies or savings aspects, thus they are not very

clear. EU ecolabel requires the presence of a product file with information, and the user

guide have additional information, but not often concrete and specific parameters;

– No existing product category: Within the categories eligible for a label mentioned

above, in none of them is possible to fit in a machine like the study-object, so, there is

no current category groups that foresee industrial test machines;

– Test costs: Taking equipment to certified laboratories (that cannot even exist on some

countries) to perform tests and respective test reports have costs that are not taken into

account when budgeting an application.

• Opportunities:

– Creation of a category: On one side this can be an opportunity for the company to be

pioneering a project and have some credit on that.

• Threats:

– Creation of a category: It can also be a threat as the creation of a category involves

many entities including similar products’ manufacturers, who will participate and may

get the same label. Competition can gain ground on the pioneer company;

– Diverse existing programs: There are so many advertised labels that becomes con-

fusing for clients, either companies or individuals. Also, the more programs and labels

appear, the bigger the competition;

– Very slow process: The creation of a category group needs a lot of involved official

entities, administration processes and trade of documents, which turns the process

slow with probably some years of duration.
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5.2 Type II: Self-declared environmental claims

Type II self-declared environmental claims allow statements about the environmental perfor-

mance of a product by the manufacturer itself. They are described and ruled by ISO 14021:2001

although that standard does not foresee any third party verification. It only gives relevance to the

importance of having available all the information about the products, test procedures, results,

claims, etc.

This type of declarations deals with evaluations and claims verification requirements and has 4

key elements, which are, responsibility of the claimant, evaluation of comparative claims, methods

use and access to information.

5.2.1 SWOT

As in Section 5.1.3 it is necessary to make a comprehensive analysis of motives that can be

driver or barriers to use this type of label scheme. In this context is also made a SWOT analysis

5.4 that shows several aspects of Type II eco-labels complemented with further information.

Table 5.4: Type II SWOT analysis

Strengths Weaknesses

-Criteria definition
-External audit is not needed

-No harmonized criteria
-No references
-ISO14021 does not provide
certification methods
-Responsibility of the claimant

Opportunities Threats

-New on the market
-Liberty for label creation

-Low recognition
-Less credibility
-External audit is not needed

• Strengths:

– Criteria definition: As there are no technical requirements and no set of criteria to

follow, they can be created the claimant which gives flexibility to choose;

• Weaknesses:

– No harmonized criteria: The lack of defined criteria to follow can cause companies’

disorientation when defining it, and confusion on what principles to follow;

– No references: From the clients’ perspective, they only see a label that has no refer-

ence, and probably won’t know what it means or stands for;

– ISO 14021 does not provide certification methods: this standard is not helpful on

this topic, the methods’ and test choices are up to claimant. It only states the need for

availability of information;
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• Opportunities:

– New on the market: It is a unique label designed by the company and that is novelty

on the market.

– Liberty for label creation: This point refers to the layout of the label, with also has

no criteria to follow, and can be designed according to the companies’ intentions;

• Threats:

– No external verification: the lack of external verification is a disadvantage because

it means that the environmental claims are just proven by the manufacturer statements

and documentation. There are no certified entities verifying that claims, causing cred-

ibility loss.

5.3 Type III: Environmental Product Declaration

This proposal is not a label, but an EPD (Environmental Product Declaration) which is a

normalized declaration with detailed information on the product and environmental aspects, based

on its LCA. EPDs are regulated by ISO14025:2010.

5.3.1 Environmental Product Declaration

A Type III EPD is a set of quantified environmental data consisting of pre-set categories of pa-

rameters (PCRs) based on LCA principles according to ISO 14040 series. Management systems

have the potential drive and manage EPDs, leading to increase time and cost efficiency and low-

ering the threshold for companies wanting to publish a product declaration. Public purchasers can

use EPDs in two ways: as a documentary evidence for compliance with environmental require-

ments in technical specifications, or as the basis for criteria to identify environmental requirements

within the technical specification analysis [90]. There are already a significant number of coun-

tries developing EPD schemes. The one with bigger influence and that is driving most of other

programs seems to be the Swedish EPD System. The Germany certification entity IBU (Institut

Bauen und Umwelt) has an EPD program that is also active in Portugal.

5.3.1.1 Categories

Below are the main categories of products with declarations (Table 5.5).

5.3.1.2 Procedure

In EPD terms speaking there is already a large number of product categories within a big

index of options. It was only analysed the criteria for the most similar category. Below there is

the numerical index path to the chosen Machine-tools category [L37]. This classification is in

accordance with the UN (United Nations) Central Product Classifications (UN CPC).
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Table 5.5: EPD categories [91]

Categories
Food & agricultural products
Construction products
Construction & infrastructure
Electricity
Furniture and other goods
Textile & leather products
Machinery & equipment
Transport vehicles & equipment
Basic ores & minerals
Glass & plastic products (non-construction)
Wood & paper products (non-construction)
Fuels & chemical products (non-construction)
Metal products (non-construction)
Services

Section: 4. Metal products, machinery and equipment

Division: 44. Special-purpose machinery

Group: 442. Machine-tools and parts and accessories thereof

Class: 4421. Machine-tools for working metal; machine-tools for working any material by

laser or similar process

Subclass: 44214. Machine-tools for drilling, boring, or milling metal

There are other categories similar to this one and within the machinery context, but analysis

of one category is enough in terms of evaluation criteria. In addition, the analysed category was

the one with more information available. Other similar categories that were found but with no

documents developed yet or not enough information were:

43550. Pneumatic end other continuous action elevator and conveyors, for goods or materials;

43932. Machinery n.e.c.(non-elsewhere classified) for treatment of materials by a process

involving a change of temperature;

44918. Machines and apparatus of a kind used solely or principally for the manufacture of

semiconductor boules or wafers, semiconductor devices, electronic integrated circuits or flat panel

displays.

For the category 44214. Machine-tools for drilling, boring or milling metal the main require-

ments of the PCR document are exposed below. The criteria was taken from an example EDP in

[92]:

1. Definition of the product group: the way through the index path until the wanted category

(section, division, group, etc.);
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(a) Specification of the manufacturing company: company, locations involved in the

production, contacts, additional certification information, environmental policies, lo-

gos, etc.;

(b) Product specification: definition of the machine: a machine-tool is defined as a ma-

chine connected to the power grid during operation time, consisting of linked com-

ponents where at least one of them moves, joined together for a specific application

which is the geometric shaping of workpieces. Description of the production system,

with verification of all the declaration statements. The product specification should be

deepened by a table describing the machine and technical information (Figure 5.1 and

Figure 5.2).

Figure 5.1: Product technical description example [92]

Figure 5.2: Product description example [92]

2. Declared unit: the declared unit for the use phase should be a functional unit, working one

hour during which the productivity should be considered. The basis scenario should be 16

hours per day, corresponding to two shifts, for 260 days per year for 15 years which is the
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estimate life time in hours.

16[h/day]∗260[days/year]∗15[years] = 62400[h] (5.9)

The use pattern for this calculation should be included in the EPD, and the environmental

impact must be declared by unit.

3. Content declaration: should be made a list of material used and substances within the

SVHC (Substances of Very High Concern) classifications if they are more that 0.1% of the

product’s weight. A table should be provided with constituting materials and its contribution

to the total weight in kg and in percentage (eg. steel, stainless steel, aluminum, bronze,

copper, electronic component, nylon, polyethylene, etc.)

4. Units and quantities: shall be used the International System Units and reasonable multi-

ples. Also a maximum of three significant digits when reporting LCA results.

5. General system boundaries: the EPD System adopted LCA calculations proceedings

based on 3 phases to which the environmental performance must be separatedly analysed.

In Appendix C is a figure of a diagram showing the three main phases and processes within.

(a) Upstream processes:

• Raw material extraction and production to main components;

• Raw material secondary processing to main components;

• Raw material transportation;

• Packaging production if relevant;

(b) Core processes:

• External transportation form/to key processes;

• Production process;

• Final product assembly;

• Waste treatment;

• Final product preparation:

(c) Downstream processes:

• Transportation to the client;

• Emissions and losses during life time;

• Disassembly;

• Material recycling;

• End-of-life processes:

6. Core module:

• Technical system boundaries (temporal, nature, geographic, etc.);
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• Rules for limitations, allocations and data quality

7. Upstream module:

• System boundaries;

• Rules for data quality, data handling and calculations;

• Data quality declarations;

8. Downstream module:

• Transport to an average client;

• Use phase scenario (Figure 5.3) including:

– electricity for the product’s operation;

– operating states and information within;

– work consumptions related to working lights, fluid injection, tool handling, etc;

• Waste treatment and recycling declarations;

• End-of-life.

Figure 5.3: Use phase scenario example [92]

9. EPD content:

• Verifiable and not including rating and direct comparison with other products;

• Present the information in the above bullet points.
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5.3.1.3 Procedures

The next paragraphs are going to explain the creation, register and publication of an EPD in

the EPD System (which is the basis for most systems) according to ISO 14025:2010.The EPD is

open to any kind of goods or services and the declaration can be published by just one company

or a group of companies (Figure 5.4).

Figure 5.4: Steps to create an EPD[93]

1. Find or crate a PCR document to the product category:

• An EPD is based on rules to be comparable. If rules do not exist they must be created,

and subjected to consultation and approval (Section 5.3.1.3);

• It is possible to obtain a pre-certification for a limited period of time while the PCR

document is prepared;

2. Realize a LCA based on the PCR document:

• The environmental performance must be described within a life cycle perspective;

• The LCA must be in agreement with ISO 14040 series;

• The data collection, purpose, methods and assumptions must be in agreement with

ISO 14025:2010 and aligned with the PCR document;

• It is possible to aggregate models of products of the same company as long as they

fulfil the requirements;

3. Compile environmental information on the declarations and report structure:

• The output document is a PDF report with relevant information, important PCR, LCA

results and additional information;
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• The document structure must follow defined rules, and can be done according to ex-

isting templates;

4. Verifying and certification:

• Declared data should be subjected to external verifications and an official register;

• The declaration is verified and a verification report should be built;

5. Register and publication:

• After the approval, the EPD should be published in the online database.

• The registry should be accompanied by all the necessary documents.

The procedure to create an EPD is explained by IBU (Institut Bauen und Umwlet) in a different

way with the same information and process.(Figure 5.5).

An EPD is normally valid for three to five years and after that deadline it should be reviewed

and reassessed. Depending on the program that it follows, the respective logo can be used in the

declaration. There are also some fees attached to this certification. The prices do not fluctuate

much depending on the program. For European programs, the average rounds the same values

which are a register fee (Table 5.6), an annual fee (Table 5.7) and additional options (Table 5.8).

Table 5.6: Register fees to EPD [94]

Registered EPDs Total fee Fee per EPD
1 1500 e 1500 e
2 2600 e 1300 e
3 3300 e 1100 e
4 3600 e 900 e
5 4000 e 800 e
6 4200 e 700 e
7 4550 e 650 e
8 4800 e 600 e
9 4950 e 550 e

10 or more 500 eper EPD 500 e

Table 5.7: Annual fees for EPD [94]

Size of the,organisation Annual fee

Micro enterprise (1-10 collaborators) 500 e

SMEs (11-250 collaborators) 1000 e

Big enterprises (>250 collaborators) 2500 e

Industrial associations registering a sector EPD 1000 e
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Figure 5.5: Workflow of an EPD creation [95]

Table 5.8: Additional options’ fees [94]

Option Price

Electronic certificate for the EPD 0 e

Climate declaration based on the EPD 0 e

Publish the EPD as an ECO Platform EPD 100 eper EPD per year

There are some certified entities which are not Portuguese but that certify with the Swedish
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EPD System in Portugal, and also entities experts in LCA studies (e.g. IK Ingenieria, Bureau

Veritas CODDE) [96].

Product Category Rules

As already mentioned, it is possible to create PCR documents if there is not yet one where the

product fits and there are even templates that can be used (Appendix E).

The development of a PCR document should be accepted internationally, based on an open

and participatory process either by: companies and organisations in cooperation with other par-

ties such as trade associations, institutions involving LCA. EPD experts with companies or trade

associations and interest organisations, or even single companies in case they have the necessary

in-house competence or choose to cooperate with LCA or EPD experts. The creation process has

5 steps (Figure 5.6) [97]:

Figure 5.6: Phases of PCR document [97]

1. Initiation: this phase starts with the choice of a PCR moderator to help supporting the

program operator and coordinate the process. Then, the consideration of available PCRs. It

is important to make sure that the intended PCR does not exist yet. After this it is necessary

to seek for cooperation’s to take part in the PCR Committee as the development of PCR

should be an open and cooperative effort. Then the moderator shall initiate a plan of the

PCR development and when it is done, the initiation of the PCR should be announced on

the program operator database;

2. Preparation: There are some basic module PCR according to the UN CPC 2-digit level

than can be used as guidelines and templates. Then arises the need to identify the pre-set

module criteria, which most programs already have. Then it is important to specify the

LCA-based content of the PCR document (most of the information already mentioned in

the criteria of the Section 5.3.1.2). After this a selection of additional information to include
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in the PCR should be made and finally a quality check of every choice before go into the

consultation phase;

3. Consultation: this phase has a duration of eight weeks before the official approval of the

PCR. After the formation of the PCR consultation group should be prepared an open consul-

tation procedure. This procedure is an internet-based participatory process carried out in the

PCR Forum, where people involved can participate. During this phase, received comments

should be replied to;

4. Approval and publication: this phase can last about four weeks and includes the follow-

ing steps: finalization of the PCR proposal, which is responsibility of the moderator, PCR

review, and, after approval, disclosing open information about the approval and setting the

validity of the document for a determined period of time. That validation shall be announced

on the document and on the program’s website.

5. Updating: As a PCR is valid only for a determined period of time, finished that period it

should be revised and reassessed because it may need updates. That review should be made

with the possibility for interested parties to give inputs, that should be received and handled.

If there are no comments made, the validity of the document can be extended.

5.3.2 SWOT

The credibility of EPDs could be increased by the government involvement and support, via

ensuring transparent, independent and competent quality control of the data and facilitating har-

monized procedures. Comparability allows the users of EPDs to compare different products in

the basis of their environmental impacts, and also allows the addition of EPDs along a product

supply chain [90] . As in the previous sections is made a SWOT analysis (Table 5.9) with further

explanation below.

Table 5.9: Type III SWOT analysis

Strengths Weaknesses
-Adequate to B2B relations;
-Credibility;
-Detailed information and technical
specification;
-Based on product’s LCA
-Unique for the product and company
-Modular, transparent and flexible

-Is not a label;

Opportunities Threats
-Creation of a category;
-Based on LCA;
-It is only now becoming trendy
-There are existing modules PCR

-Is based on similar products
comparison;
-Creation of a category
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• Strengths:

– Adequate to B2B: Since this is an environmental declaration with extended informa-

tion it is suitable for use in B2B relationships where clients are other companies or

organisations and want in-depth information. It does not mean that it cannot be used

to B2C relations.

– Based on product’s LCA: This is a major advantage point because it shows con-

trol and monitoring of the product and its life cycle and shows concern on finding

efficiency aspects across all product phases. This shows efforts to minimize pushing

problems between phases.

– Unique for the product and company: These declarations are made to each product’s

model and companies may chose its layout and features, which gives authenticity to

the reports.

– Modular, transparent and flexible: The modular format of the EPDs allows the

harmonization of the declarations and makes it easier to build the documents by the

reutilization of blocks of information. Transparency comes from the LCA and its

interpretation towards environmental impacts. And EPDs are flexible once they are

unique documents.

• Weaknesses:

– Is not a label: Although the product can have a declaration that follows ISO14025:2010,

this declaration is not a label to attach to the product;

• Opportunities:

– Creation of a category: there is also the need to create a PCR document, which is

not an easy process, but there are already templates created and much more similar

categories of products from which a lot of aspects can be adapted;

– There are existing modules PCR: although there is not a PCR document for this

machine specifically, there are already PCR for the category 4. Machines & equip-

ment, 43. general purpose machines and 44. special purpose machines which can be

analysed and transposed. These modules have to be deeply exploited according to the

machine, but the basis already exist.

• Threats:

– It is based on similar products comparison: PCR documents are made based on

each other and on defined modules, this means that it is inevitable to have product

comparison to develop an EPD;

– Creation of a category: this aspect can also be a disadvantage because the creation of

non-existent PCR implies a public processes and the intervention of interested parties

and experts in a comment and review phase.
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5.4 Discussion

In this section a comprehensive review on all the advantages and disadvantages of each Type

compared to each other is presented. The goal is to conclude what it the best path to follow in

order to achieve energy efficiency certification.

Comparing all options, Type II eco labelling is the first one to be put aside because it is the

one with less credibility and no normalization. However, it might be the easiest one to implement

because ISO 14021:2010 does not define requirements to follow on test procedures, results pre-

sentation and communications neither the label appliance. It is only defined the documentation

and amount of information to be available. Simultaneously, it is the one that probably has less

recognition by the market. It comprises only a statement claimed by the company, with no exter-

nal verification, so it can be resumed as some argument used to state its products’ eco-efficiency

through a label. The fact that there are no specific guidelines can be a major disadvantage because

there is no reference on what is right nor the best way to execute tests and statements. It is up to

the customer to judge whether that certification has or not value.

Among both options on Type I: Energy Star and EU Ecolabel, the latter has several criteria

based on Energy Star, which gives strength and credibility and, cue to the fact that it is an Eu-

ropean program. makes EU Ecolabel a better option than Energy Star. However, there is still a

considerable barrier on both of them, which is the non existing product categories where the object

of this study can fit. There are some categories with criteria that might be adapted, but in both of

the cases exists the need to create a new product group which is an obstacle. The process to create

categories is very time-consuming and there are a lot of bureaucracies involved besides the need to

include several external and official entities such as policy-makers, other companies with a similar

framework and products, member-state representatives, etc.

This puts the Type III ahead on the comparison against any Type I label. Although it is not

a label, it has the advantages of being a report with useful information that is already proven on

the EPD document with no need for additional documentation. With one unique document is

possible to have all the needed information to communicate features and environmental aspects to

the consumers. As this project is inserted in a B2B type of business, which is a relation business to

business where companies’ clients are other companies, it is more efficient to have all the detailed

information already available and explained. Thus, the fact that Type III EPD is best suitable

to B2B communications fits this purpose well. There are also technical advantages of this type

of label, starting by the consideration of all the product’s life cycle and adjacent activities to its

production, which are normally ignored consumption sources. The execution of a LCA brings

companies self-knowledge and consciousness of their product’s and products processes’ impacts.

Furthermore, as environmental impacts are difficult to quantify, companies are tending to opt by

EPDs because it presents more detailed information that can help an impartial comparison between

products’ impacts and functionalities. In this option it is also necessary the creation a product

category, and it involves external entities too, however, it is an easier and well defined process. In

addition, there are already templates and general criteria for the category Machinery Equipment
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where the machine would fit in. It would only be necessary to create PCR for the subcategory

based on existing and similar ones.

After the exposition of the advantages and disadvantages, a quite straightforward conclusion

can be taken on what should be the best solution to apply on this project. An EPD of the machine

would bring to this company the assurance of the product’s features, its functionalities, its life

cycle, its impacts and other environmental aspects and a certification that the product complies

with the ISO 14025:2010 standards.



Chapter 6

Conclusions and future work

The increasing concern on reducing environmental impacts is a subject of growing importance

nowadays. Programs and regulations are being launched to motivate industries and manufacturers

to adopt strategies to reduce their impacts and become more efficient. This is a matter that ought

to concern everyone. These matters were one of the aspects that motivated this project, the need to

move towards efficiency step by step, adopting sustainable measures. Becoming efficient can be a

subject to entire sectors, companies, people’s attitudes and equipment. Starting by small changes

can be a good strategy towards sustainability. This project is a first step towards a specific stress

testing machine efficiency by promoting the application of an eco-efficiency procedure certifica-

tion in order to make it more appealing in the market. Another source of motivation is certainly

the path to achieve efficiency, which implies a self-evaluation and introspective of the object to be

certified. Besides the needs of being efficient, it is also important for the clients and consumers to

purchase proven environmental friendly goods and products. The demand for products with lower

impacts is growing and customers are giving priority to these particular products to be environ-

mentally conscious, whether the customers are other companies, associations or individuals. This

should be an important push on companies to start eco-innovate.

There are several relevant elements involved in the eco-efficiency matter, that were studied and

analysed as this project was carried through. Those tools have to be used when entering an eco-

efficiency project. KPIs are a crucial one to evaluate performances and to communicate results and

objectives. There are many options of KPIs depending on what the measure is about, how deep

is it going to be, to whom the results are being communicated to and what the direction to follow

is. This is why it is so important to make a well informed and reflected decision when choosing

KPIs. Policies are also being more and more restrictive as it is important to be up-to-date and

know how to use and apply them according to the necessities. Benchmarking is another relevant

tool that should have a solid background and a good market study on what is already implemented,

appearing or being developed and designed.

As there are several ways to label eco-innovation, after a deep study and investigation, three

options are proposed. They are proposals of eco-efficiency certification because of the importance

of having environmental aspects and efforts documented, verified and certified.

87
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From the three proposals, two of them are eco-labels, corresponding to an application to a

voluntary program, and the other one is a verified Environmental Product Declaration, which is a

report of the products characteristics and environmental aspects.

In Chapter 5 the options are studied along with their criteria and procedures. In addition, a

SWOT analysis is made for each type of eco-label evaluating their strengths and opportunities on

one side and their weaknesses and threats on the other.

This work is a starting point to open an eco-innovation project about the machines’ certification

and creation of an Environmental Product Declaration. However, there is a lot of work to be done

on continuing and implementing this proposal.

One of the many steps to be taken would be the in-depth analysis and go through on the

existing PCR and EPD of the machinery & equipment category and make a selection of what

could be straightly used, adapted, or discarded. Finally, with this information, propose a PCR

and start the creation process. This creation would need the study and choice of the best program

operator to accompany the process and the start of a collaborative work.

Another step further that is needed to the project is the machine’s LCA. This would include

an analysis of the whole production system, materials and other resources used, the definition of

the system processes and its phases’ boundaries, the inputs, internal processes and output of each

phase, and a life time diagram. Conclusions should also be inferred on the machines’ impacts.

There is also the need to complete the machines’ study with definition and calculation of

specific KPIs that involves a selection phase, followed by a measurement one, with definition of

test procedures and data collection. Subsequently, calculations and estimations should be done, as

well as a method to communicate that information.

Lastly, the compilation of all the information and construction of the EPD document, with

all the formalities needed, company layout, information collected, results and visual aids such as

graphs and diagrams. Moreover, the procedure to publish the document and include it on the EPD

database.

To sum up, in order to start a procedure for machines’ eco-labelling, and after the deep inves-

tigation done, a field work in order to determine the best KPIs, the energy consumptions and the

type of resources should be the next step.
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Environmental indicators
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Appendix D

Workflow to develop a PCR document

Figure D.1: PCR workflow part1[54]
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96 Workflow to develop a PCR document

Figure D.2: PCR workflow part2[54]
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INSTRUCTIONS ON HOW TO USE PCR BASIC MODULES 

This section is intended as instructions for the PCR Moderator and PCR Committee and shall not be included in the PCR. 

This document is a so-called “PCR Basic Module”. It is not a Product Category Rules (PCR) document, and cannot be used 

directly as such. A PCR Basic Module provides a close to ready-made template for preparing a PCR document. 

PCR Basic Modules are defined on the two-digit level in the UN CPC scheme (http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=25) 

and shall be used to produce PCRs for underlying product categories defined on a three, four or five digit-level of the scheme. 

Example: The PCR Basic Module for UN CPC 01: Products of agriculture, horticulture and market gardening shall be used for 

the development of underlying PCRs, such as Group 013 Fruit and nuts or Subclass 01801 Sugar beet. 

The text in this PCR Basic Module includes: 

1. Headings and text which are common for all PCR documents regardless of product group, e.g. the “General introduction” 

section. These shall normally be kept as they are. 

2. Requirements which are common for all products which belong to the specified product group on UN CPC code two digit level, 

e.g. CPC Division 01: Products of agriculture, horticulture and market gardening. PCR requirements valid on two digit level are 

marked with “CPC 01” in the following format: (CPC 01). 

3. Identified specific requirements or information, written in italic, which must be decided upon during the development of a PCR. 

All text written in italic shall thus be replaced by sharp requirements or deleted as appropriate in the PCR document. As 

indicated, some administrative information will be added by the Secretariat before publication. 

In summary, the PCR Basic Module document provides a close to ready-made PCR document: just decide upon and add the relevant 

information requested in italic to draft a PCR. 

 

  



PCR BASIC MODULE 

 DATE 2015-12-22 

  
  
ELECTRICAL MACHINERY AND APPARATUS   

PRODUCT CATEGORY CLASSIFICATION: UN CPC 46  

 

 

 

 

 
  PAGE 4/23 

 

GENERAL INTRODUCTION TO PRODUCT CATEGORY RULES IN 

THE INTERNATIONAL EPD® SYSTEM 

This document constitutes Product Category Rules (PCR) developed in the framework of the International EPD® System: a 

programme for type III environmental declarations according to ISO 14025:2006. Environmental Product Declarations (EPD®) are 

voluntary documents for a company or organisation to present transparent information about the life cycle environmental impact for 

their goods or services. 

The rules for the overall administration and operation of the program are the General Programme Instructions, publically available at 

the website (www.environdec.com). In addition to ISO 14025, the International EPD® System adheres to the following international 

standards: 

 ISO 9001, Quality management systems 

 ISO 14001, Environmental management systems 

 ISO 14040, LCA - Principles and procedures 

 ISO 14044, LCA - Requirements and guidelines 

For construction products, the International EPD® System also allows the use of EN 15804 (Sustainability of construction works - 

Environmental product declarations - Core rules for the product category of construction products) and ISO 21930 (Environmental 

declaration of building products) as the main underlying standards. The compliance with these and other standards shall be clearly 

stated in each PCR and EPD® where it is relevant. 

A PCR is defined in ISO 14025 as a set of specific rules, requirements and guidelines for developing Type III environmental 

declarations for one or more product categories. The PCR document specifies the rules for the underlying life cycle assessment 

(LCA) and sets minimum requirements on EPDs for a specific product group that are more detailed than the standards and the 

General Programme Instructions. 

PCRs in the International EPD® System are developed in English in accordance with the procedure described in the General 

Programme Instructions. All PCR documents have a maximum period of validity after which the document shall be revisited. The 

template used for this PCR is based on the PCR template provided by the Guidance for Product Category Rule Development (2013). 

Within the present PCR, the following terminology is adopted, as defined by the Guidance for Product Category Rules Development 

v1.0: 

 The term “shall” is used to indicate what is obligatory. 

 The term “should” is used to indicate a recommendation, rather than a requirement. 

 The term “may” or “can” is used to indicate an option that is permissible 

EPDs are developed and registered based on a valid PCR. An EPD® shall be based on the latest version of the PCR, and refer to the 

version number and date of the PCR used. The production of new PCR versions does not affect the certification period of EPDs that 

are already published. 

This PCR document is publically available at www.environdec.com. The PCR document is a living document. If relevant changes in 

the LCA methodology or in the technology for the product category occur, the document will be revised and the new version will be 

published on the website.  

Stakeholder feedback on PCRs is very much encouraged. Any comments to this PCR document may be given on the PCR Forum on 

www.environdec.com or directly to the PCR moderator during its development or during the period of validity. 
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1 GENERAL INFORMATION 

1.1 ADMINISTRATIVE INFORMATION 

Name: Name of the PCR 

Registration number: Added by the Secretariat 

Programme operator: The International EPD® System operated by EPD International AB, Box 210 60, SE-100 31 Stockholm, 

Sweden. 

 

Website: www.environdec.com 

E-mail: info@environdec.com  

Appointed PCR moderator: Name, organisation and e-mail address of the PCR Moderator 

PCR Committee: Names of organisations participating in the PCR Committee (preparing the PCR) 

Date of publication: Added by the Secretariat 

Date of expiration: Added by the Secretariat 

Schedule for renewal: When the validity time is about to expire the PCR moderator shall initiate a discussion with the 

programme operator how to proceed with updating the document and extending the period of validity. 

See General Programme Instructions, Section C.5. 

Standards conformance:  General Programme Instruction of the International EPD® System, version 2.5, based on ISO 

14025 and ISO 14040/14044 

 PCR Basic Module, CPC Division 46 Electrical machinery and apparatus, version 2.5, dated 

2015-12-22 (CPC 46) 

List all other LCA-based claim standards with which the PCR is in conformance. For PCRs of 

construction products, the compliance or non-compliance with EN 15804 shall be stated. 

PCR language: This PCR was developed and is available in English, as is mandated by the General Programme 

Instructions. The following translated versions are also available: 

 List the languages to which the PCR has been translated 

The English version takes precedence in case of any discrepancies. 

Comments on the PCR: Any comments to this PCR document may be given on the PCR Forum on www.environdec.com or 

sent directly to the PCR moderator during the period of validity. 

1.2 SCOPE OF PCR 

1.2.1 PRODUCT CATEGORY DEFINITION 

This document provides Product Category Rules (PCR) for the assessment of the environmental performance of name of product 

group corresponding to UN CPC 46xxx Name of CPC classification(s) and the declaration of this performance by an EPD®. 

The PCR shall give a detailed description of the products and services included in the product group as well as the UN CPC code(s) 

covered. Examples of products included and excluded from the scope of the PCR shall also be given, if relevant. 

The UN CPC classification hierarchy shall be presented, as well as a link to http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=25 for 

additional information. 
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1.2.2 GEOGRAPHICAL REGION 

Identify the name of the country or regions for which the PCR is valid matching the guidance given in the PCR, e.g. scenarios for the 

use phase and end-of-life, production processes, references to standards, impact categories, etc. The default scope for PCR 

development should be “Global”, but it could also be limited to, e.g., EU-28, USA or Sweden. 

1.2.3 EPD® VALIDITY 

The maximum validity of EPDs based on this PCR shall be three years after which the declaration must necessarily be revised and 

reissued. (CPC 03) 

During the validity period of the EPD, surveillance follow up shall be agreed between the EPD owner and the verifier in order to 

evaluate if the content are still consistent with the current situation, or if the EPD must be updated. See the General Programme 

Instructions of the International EPD® System for further information and requirements.  

2 PCR REVIEW AND BACKGROUND INFORMATION 

2.1 PCR REVIEW 

PCR review panel: The Technical Committee of the International EPD® System. A full list of members 

available on www.environdec.com/TC. The PCR review panel may be contacted via 

info@environdec.com. 

 

Members of the Technical Committee were requested to state any potential conflict of 

interest with the PCR moderator or PCR committee, and were excused from the review. 

Review dates: Added by the Secretariat 

Chair of the PCR review: Added by the Secretariat 

2.2 OPEN CONSULTATION 

This PCR was available for open consultation from date until date, during which any stakeholder was able to provide comments by 

posting on the PCR forum on www.environdec.com or by contacting the PCR moderator. Add information about any physical or web-

based meetings held during the open consultation phase, if applicable. 

A total of XX stakeholders were invited via e-mail or other means to take part in the open consultation, and were encouraged to 

forward the invitation to other relevant stakeholders. The following stakeholders provided comments during the open consultation, and 

agreed to be listed as contributors to the PCR and at www.environdec.com: 

 List of stakeholder names and affiliation 

Information about open consultations taking place for different versions of the PCRs may be added as sub-sections 2.2.1, 2.2.2, etc. 

2.3 EXISTING PCRS FOR THE PRODUCT CATEGORY 

Identify the registration number (if applicable), PCR name, programme operator name, and web-link to the PCR that were identified 

and referenced during the development of this PCR. This includes any older PCR documents in the International EPD® System being 

replaced by this PCR. If no existing PCRs were identified before and during PCR development, this shall be stated. 

Full references to these existing PCRs shall also be given in Section 9. 
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2.4 REASONING FOR DEVELOPMENT OF PCR 

Describe the motivation for development of PCR. Describe the attempts made to harmonize or align this document with existing 

PCRs. 

2.5 UNDERLYING STUDIES 

Provide citations to the underlying LCA studies and other studies used to develop the PCR that support the choice of system 

boundaries, allocation methods, impact categories, etc., in the PCR. Justifications of methodological choices may also be added in 

relevant places in the PCR. 

References here state the year or publication and/or version. Full references to the underlying studies shall also be given in Section 9. 

2.6 CONFORMANCE WITH THE PCR GUIDANCE (IF APPLICABLE) 

PCRs in the International EPD® System shall be developed in accordance with the procedure described in the General Programme 

Instructions. Additionally, PCRs may also be developed in full conformance with the “Guidance for Product Category Rule 

Development”. If this is the case for this PCR, the conformity assessment shall be summarized here. If full compliance with the 

Guidance for PCR development is not sought, this section may be deleted from the PCR. 

3 GOAL AND SCOPE 

3.1 FUNCTIONAL/DECLARED UNIT 

The functional/declared unit and reference flow to use in the LCA study shall be specified in the PCR.  

The declared unit shall be stated in the EPD. The environmental impact shall be given per declared unit. A description of the function 

of the product should be included in the EPD®, if relevant. 

3.2 SYSTEM BOUNDARIES – ATTRIBUTABLE 

The International EPD® System has adopted an LCA calculations procedure which is separated into three different life cycle stages: 

 Upstream processes (from cradle-to-gate); 

 Core processes (from gate-to-gate) 

 Downstream processes (from gate-to-grave) 

In the EPD®, the environmental performance associated with each of the three life-cycle stages above shall be reported separately. 

Boundaries to nature are defined as flows of material and energy resources from nature into the system. Emissions to air, water and 

soil cross the system boundary when they are emitted from or leaving the product system 

3.2.1 UPSTREAM PROCESSES 

The following attributional processes are part of the product system and classified as upstream processes: (CPC 46) 

 Extraction and production of raw material for all main parts and components. To be further defined in the PCR. 

 Impacts due to the production of electricity and fuels used in the upstream module 

 Production of auxiliary products used such as detergents for cleaning, etc. 

 Production of semiproducts used in the core process, if applicable 

 Manufacturing of primary and secondary packaging 
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Upstream processes not listed may also be included. All elementary flows at resource extraction shall be included, except for the 

flows that fall under the general 1 % cut-off rule.  

Included and excluded upstream processes should be further defined in the PCR. Any exclusion of life cycle stages and unit 

processes shall be justified. 

3.2.2 CORE PROCESSES 

The following attributional processes are part of the product system and classified as core processes: (CPC 46) 

 External transportation to the core processes 

 Assembly/preparation phase of the product unit 

 Internal transportation within the factory 

 Maintenance (e.g. of the machines) 

 Preparation of the forestry and logging product   

 Waste treatment of waste generated during manufacturing; 

 Impacts due to the production of electricity and fuels used in the core module 

Included core processes should be further defined in the PCR.  

Manufacturing processes not listed may also be included. However, the production of the raw materials used for production of all 

product parts shall be included. A minimum of 99% of the total weight of the declared product including packaging shall be included. 

The technical system shall not include: (CPC 46) 

 Manufacturing of production equipment, buildings and other capital goods. 

 Business travel of personnel. 

 Travel to and from work by personnel.  

 Research and development activities. 

Excluded core processes should be further defined in the PCR. Any exclusion of life cycle stages and unit processes shall be justified. 

3.2.3 DOWNSTREAM PROCESSES  

The following attributional processes are part of the product system and classified as downstream processes: (CPC 46) 

 Transportation from preparation to an average retailer/distribution platform 

 Life time operation of the product including power losses and emissions 

 Maintenance, replacements of parts, during life time  

 End-of-life processes of any wasted part of the product  

 End-of-life processes of packaging waste 

Included and excluded downstream processes should be further defined in the PCR. Any exclusion of life cycle stages and unit 

processes shall be justified. 



PCR BASIC MODULE 

 DATE 2015-12-22 

  
  
ELECTRICAL MACHINERY AND APPARATUS   

PRODUCT CATEGORY CLASSIFICATION: UN CPC 46  

 

 

 

 

 
  PAGE 9/23 

 

3.3 SYSTEM DIAGRAM 

 

Figure 1. System diagram illustrating the processes that are included in the product system, divided into upstream, core and 

downstream processes. It should be indicated if any omissions of life cycle stages are made in order to make the EPD® cover the full 

cradle-to-grave perspective. 

3.4 DATA QUALITY REQUIREMENTS 

As a general rule, specific data shall always be used, if available, after performing data quality assessment. Specific data shall be 

used for the core processes. For the upstream processes, downstream processes and infrastructure generic data may also be used if 

specific data are not available. Generic data should especially be used in cases where they are representative for the purpose of the 

EPD, e.g. for bulk and raw materials on a spot market, if there is a lack of specific data on the final product or if a product consists of 

many components. 

Any data used should preferably represent average values for a specific reference year. However, the way these data are being 

generated could vary, e.g. over time, and in such cases they should have the form of a representative annual average value for a 

specified reference period. Such deviations should be declared. 

4 LIFE CYCLE INVENTORY 

Life cycle inventory (LCI) data for a minimum of 99 % of total inflows to the core module shall be included. Inflows not included in the 

LCA shall be documented in the EPD. It is important to emphasize that – in most cases – all available data shall be used. Using cut-

off rules should not give the perceptions of “hiding” information, but rather to facilitate the data collection for practitioners. 

Data on life cycle of materials or energy inputs are classified into three categories - specific data, selected generic data and proxy 

data, defined as follows: 

 specific data (also referred to as primary data or site-specific data) – data gathered from the actual manufacturing plant where 

product-specific processes are carried out, and data from other parts of the life cycle traced to the specific product system 

under study, e.g. materials or electricity provided from a contracted supplier being able to provide data for the actual delivered 

services, transportation taking place based on the actual fuel consumption and related emissions, etc., 

 generic data (sometimes referred to as secondary data), divided into: 

- selected generic data – data from commonly available data sources (e.g. commercial databases and free databases) 

that fulfil prescribed data quality characteristics for precision, completeness and representativeness, 

- proxy data – data from commonly available data sources (e.g. commercial databases and free databases) that do not 

fulfil all of the data quality characteristics of “selected generic data”. 

Insert a system diagram illustrating the processes that 

are included in the product system, divided into 

upstream, core and downstream processes. 
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4.1 REQUIREMENTS REGARDING COLLECTION OF SPECIFIC DATA 

Specific data shall be gathered from the actual manufacturing plant(s) where specific processes are carried out and data from other 

parts of the life cycle traced to the specific product system under study, e.g. materials or electricity provided from a contracted 

supplier being able to provide data for the actual delivered services, transportation taking place based on the actual fuel consumption 

and related emissions, etc.  

4.2 REQUIREMENTS REGARDING GENERIC DATA 

The attributional (“book-keeping”) LCA approach in the International EPD® System forms the basic prerequisites for selecting generic 

data. This means that data based on a consequential systems’ approach shall not be used. Data calculated with substitution (system 

expansion where include benefits from “avoided production”) to solve allocation problems should not be used, but if no other data is 

available, such data may be accepted as proxy data if negative flows are changed to zero. 

For allowing the use of selected generic data selected prescribed characteristics for precision, completeness and representativeness 

must be fulfilled and demonstrated, including but not limited to: 

 Reference year to be as actual as possible, preferably being representative for at least 5 years, 

 Cut-off criteria to be met on the level of the modelled product system are the qualitative coverage of at least 99% of-both the 

energy, the mass, and the overall relevance of the flows, 

 Completeness where the inventory data set should in principle cover all elementary flows that contribute to a relevant degree of 

the impact categories, and 

 Representativeness of the resulting inventory for the good or service in the given geographical reference should, as a general 

principle, be better than ±5 %. 

The PCR may also provide recommendations for certain databases for selected generic data to use for specific unit processes. Such 

recommended data shall have been analysed during PCR development to meet the requirements of the International EPD® System 

for data quality, representativeness, review, scope of documentation, etc. Publically-available and free data of high quality should 

have priority if any databases are recommended. The geographical scope of the PCR should also be taken into consideration. 

If any recommendations are included, the PCR shall state that the listing of recommended databases in the PCR does not imply that 

other data that fulfil the data quality requirements may not be used and that data quality assessment shall also be performed for the 

data sets in the recommended database by an LCA practitioner. 

If selected generic data that meets the requirements of the International EPD® System are not available as the necessary input data, 

proxy data may be used and documented. The environmental impacts associated to proxy data must not exceed 10% of the overall 

environmental impact from the product system.  

The EPD may include a data quality declaration to demonstrate the share of specific data, selected generic data and proxy data for 

the environmental impacts. 

If relevant, the EPD may include a reference to the database(s) used. 

4.3 MODELING PARAMETERS AND ASSUMPTIONS 

4.3.1 UPSTREAM PROCESSES 

The following requirements apply to the upstream processes: 

 Data referring to processes and activities upstream in the supply chain, over which an organisation has a direct management 

control, shall be specific and collected on site. 

 Data referring to contractors supplying main parts or main auxiliaries should be asked for from the contractor as specific data, 

as well as infrastructure, if relevant. 

 Transport of main parts and components along the supply-chain to a distribution point (e.g. a stockroom or warehouse) where 

the final delivery to the manufacturer can take place should be based on the actual transportation mode, distance from the 

supplier and vehicle load. 

 In case specific data are lacking, selected generic data may be used. If this is also lacking, proxy data may be used. 
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 Electricity production impacts should be accounted for in this priority when specific data is used in the upstream processes: 

1. Specific electricity mix from electricity supplier as documented by Renewable Energy Certificates (RECs) or Guarantees 

of Origin, 

2. Electricity supplier’s residual electricity mix, 

3. National electricity production mix/electricity mix on the market (preferably residual mix, otherwise national electricity 

production mix). 

The mix of electricity used in the upstream processes shall be documented, if relevant. 

If relevant, the PCR may list other key assumptions to be made for the modelling of the upstream processes. If a valid PCR already 

exists in the International EPD® System for part of the upstream processes, a reference to that specific PCR may be made for 

calculation rules. 

4.3.2 CORE PROCESSES 

The following requirements apply to the core processes: 

 Specific data shall be used for assembly of the product and for manufacture of main parts as well as for on-site generation of 

steam, heat, electricity, etc., if relevant. 

 Electricity production impacts should be accounted for in this priority for the core processes: 

1. Specific electricity mix from electricity supplier as documented by Renewable Energy Certificates (RECs) or Guarantees 

of Origin, 

2. Electricity supplier’s residual electricity mix, 

3. National electricity production mix/electricity mix on the market (preferably residual mix, otherwise national electricity 

production mix). 

The mix of electricity used in the core processes shall be documented, if relevant. 

 Transport from the final delivery point of raw materials, chemicals, main parts and components (see above regarding upstream 

processes) to the manufacturing plant/place of service provision should be based on the actual transportation mode, distance 

from the supplier and vehicle load. 

 Waste treatment processes of manufacturing waste should be based on specific data, if available. 

If relevant, the PCR may list other key assumptions to be made for the modelling of the core processes. 

4.3.3 DOWNSTREAM PROCESSES 

The following requirements apply to the downstream processes: 

 The downstream module shall be based on relevant scenarios for the geographical area in which the EPD® is valid. 

 Use phase: These bullet points may be removed if the use phase is not relevant from the product category. 

- Data on the pollutant emissions from the use stage should be based on documented tests, verified studies in conjunction 

with average or typical product use, or recommendations concerning suitable product use. Whenever applicable, test 

methods shall be internationally recognised, 

- The use of the energy mix in the region/country where the product is sold and then used shall be approximated with 

OECD electricity mix statistics. For non-OECD countries, in order to adopt a suitable region- or country-specific electricity 

mix (reflecting approximately the region(s)/countries’ share) a similar precision will be required. The mix used shall be 

documented, if significant, Use phase scenarios shall be defined in the PCR for product categories where there is an 

environmental impact from the use phase (e.g. for cooking). 

 Transport of the product to customer shall, as a first option be based on the actual transportation distances. As a second 

option, it could be calculated as the average distance of a product of that product type transported with different means of 

transport or, if also such data is not available be calculated as a fixed long transport, e.g.1 000 km distance transport with lorry 

or 10 000 km by airplane, according to product type. The way transportation shall be calculated shall be described in the 

reference PCR, which should reflect the actual situation to the best extent possible. Distribution scenarios shall be defined in 
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the PCR to reflect the actual situation to the best extent possible, as well as the intended target audience of EPDs of the 

product group. 

 With regard to data quality requirements for the end-of-life stage based on scenarios, the following shall apply for the 

information being: 

- technically and economically practicable, and 

- compliant with current regulations in the relevant geographical area. 

Key assumptions regarding the end-of-life stage shall be documented. 

If relevant, the PCR may list other key assumptions to be made for the modelling of the downstream processes. 

4.4 REQUIREMENTS REGARDING ALLOCATION FOR MULTIFUNCTIONAL 
PRODUCTS AND MULTIPRODUCT PROCESSES 

An allocation problem occurs when a process results in multiple output products and where there is only aggregate information 

available about the emissions. The priorities suggested by ISO 14040 shall be considered in the procedure definition, however, the 

method of avoiding allocation by expanding the system boundaries is not applicable within the framework of the International EPD® 

System due to the rationale of the book-keeping LCA approach (attributional LCA) used and the concept of modularity. 

The following decision-hierarchy shall be applied for multifunctional products and multiproduct processes: 

1. Allocation shall be avoided by dividing the unit process into two or more sub-processes and collecting the environmental 

data related to these sub-processes. 

2. If not possible, the inputs and outputs of the system shall be partitioned between its different products or functions in a way 

that reflects the underlying physical relationships between them; i.e. they should reflect the way in which the inputs and 

outputs are changed by quantitative changes in the products or functions delivered by the system. 

3. If not possible, allocation problems shall be solved by define way to solve allocation problem in the PCR. If economic 

allocation is mandated, the PCR shall require a sensitivity analysis to be performed in the LCA report. The PCR shall also 

explain the reference values to use. 

The PCR shall provide allocation rules for the identified multiproduct processes and multifunctional products in the product system to 

be applied in case allocation cannot be avoided. Processes in the product system where allocation problems are foreseen may also 

be listed here. 

4.5 REQUIREMENTS REGARDING ALLOCATION PROCEDURES FOR 
REUSE, RECYCLING 

In the framework of the International EPD® System, the methodological choices for allocation for reuse, recycling have been set 

according to the polluter pays principle (PPP). 

If there is an inflow of recycled material to the production system, the recycling process and the transportation from the recycling 

process to where the material is used shall be included. If there is an outflow of material to recycling, the transportation of the material 

to the recycling process shall be included. The material going to recycling is then an outflow from the production system as an 

indicator. 

For further information about system boundaries concerning waste, etc., see the General Programme Instructions of the International 

EPD® System. 

4.6 REQUIREMENTS REGARDING ALLOCATION PROCEDURE FOR 
WASTE HANDLING 

The treatment processes (final disposal) of wastes generated by the activities included in the system boundaries should be included 

in the LCA calculation. When it is not possible for some reasons (such as database framework or lack of information), the amount of 

wastes and the destination shall be declared. 

For the purposes of the EPD® preparation, the final disposal processes include: 
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 landfilling that has to be attributed to the studied process, 

 incineration. For the calculation of impacts related to incineration with energy recovery the environmental impact of waste 

destruction shall be attributed to the waste generator and the impacts related to making use of the thermal energy shall be 

attributed to the next product life cycle. If data are missing, as a default option, 50% of the impacts of the waste incineration 

plant may be attributed to waste treatment and 50% to the energy recovery. In case of incineration without energy recovery, the 

product system generating the waste must include 100% of the environmental impacts from incineration. 

In case that waste flows are sent to material recycling or energy recovery or other recovery (e.g. composting), impacts should be 

borne by the product under study until it enters the facility gate where the recycling or recovery processes take place (e.g. 

transportation to the facility shall be included). Even if benefits related to the material recovery have to be considered out of the 

system boundaries, an estimation of the avoided impacts due to such recovery could be made and declared separately as additional 

environmental information. Deviations may be accepted and declared. All the assumption on the inclusion or not of waste treatment 

processes shall be clearly declared in the EPD. 

For further information about system boundaries concerning waste, etc., see the General Programme Instructions of the International 

EPD® System. 

5 LIFE CYCLE IMPACT ASSESSMENT 

5.1 IMPACT INDICATORS 

The following potential environmental impacts shall be calculated and reported in the EPD®: 

 Emission of greenhouse gases (expressed as the sum of global warming potential, GWP, 100 years, in carbon dioxide 

equivalents, CO2 eq.), 

 Emission of acidifying gases (expressed as the sum of acidifying potential in sulphur dioxide equivalents, SO2 eq.)1, 

 Emission of substances to water contributing to oxygen depletion, “eutrophication” (expressed as phosphate equivalents, PO4
3-

 eq.), 

 Emission of gases that contribute to the creation of ground-level ozone, “photochemical oxygen creation potential” (expressed 

as the sum of ozone-creating potential, in ethylene equivalents, C2H4 eq.) 

The characterisation models and factors to use for the default impact categories are available on the website www.environdec.com 

and are updated on a regular basis based on the latest development in LCA methodology and ensuring market stability of EPDs. The 

source and version of the characterisation models and factors used shall be reported in the EPD. 

Alternative regional LCIA methods with other characterization factors are allowed to be calculated and displayed in addition to the 

default characterisation factors. The EPD® shall contain a clear explanation to what the difference is between the different sets of 

indicators, as they may appear to a non-expert to display duplicate information regarding the same environmental impact category. 

The EPD® or its supplementary materials may provide information about the different environmental impact categories displayed in 

the EPD, including their global/regional characteristics. 

In order to better characterise the environmental performance of a product category, the PCR shall indicate the mandatory or 

voluntary use of other categories of potential impacts. All environmentally-relevant indicators for the product category shall be 

included. Examples of such environmental impact categories to include in the PCR are: 

 Emission of ozone-depleting gases (expressed as the sum of ozone-depleting potential in mass of CFC 11-equivalents, 20 

years), 

 Land use and land use change, 

 Abiotic resource depletion. 

References for the source and version characterisation models and factors used shall be given in the PCR and reported in the EPD. 

                                                                 

1 Please note that for this indicator a CML non-baseline approach is currently recommended. See www.environdec.com for the latest 

information. 
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The selection of other environmental indicators during PCR development should be based on: 

 the results of the supporting LCA studies, including the use of normalisation and weighting of the results to determine the most 

relevant impact categories, 

 a literature study (LCA and non-LCA) of relevant impacts for the product category, 

 a review of key environmental concerns regarding the product category, i.e. from NGOs, civil society, customers and other 

stakeholders, for the geographical applicability of the PCR. 

The selection of other impact categories shall be focused on their environmental relevance for the product category. The selection 

also has to take into consideration the scope of the EPD, regional aspects or requirements, and the maturity of the methods to ensure 

that they are not misleading. In addition, they shall only apply to those life cycle stages where the information is appropriate. The PCR 

should contain justification for its selection of additional impact assessment categories and methods. 

5.2 IMPACT INDICATOR SELECTION JUSTIFICATION 

The four default impact categories have been included as they constitute the minimum set of indicators for EPDs of all product 

categories in the International EPD® System. 

Justify the selection of the additional impact indicators and the methodologies selected. 

6 LCA RESULTS 

6.1 RESULTS 

LCA results to be reported in the EPD® are: 

 Use of resources 

 Potential environmental impacts 

 Waste production 

 Other environmental indicators 

6.1.1 USE OF RESOURCES 

The use of resources shall be presented in the EPD® using results from the life cycle inventory. Resources are the elementary flows 

crossing the system boundary between nature and the studied product system. 

The indicators for resource use from the life cycle inventory (except water and air) should be reported under the following headings 

per functional unit or per declared unit: 

 Non-renewable resources 

- Material resources 

- Energy resources 

 Renewable resources 

- Material resources 

- Energy resources 

NOTE Energy resources are those resources that are used for energy conversion purposes in the product system. 

The PCR can define other resources (for example rare materials originating from the life cycle inventory data) which may be listed 

and detailed in the EPD® for each specific product category 

The following requirements on the resource declaration also apply:  
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 all parameters for resource consumption shall be expressed in mass, with the exception of renewable energy resources used 

for the generation of hydroelectric, wind electricity and solar energy, which shall be expressed in MJ. Other resources may in 

addition to mass be expressed in MJ, if it increases understanding of the target audience of the EPD; 

 all parameters shall not be aggregated but reported separately. Resources that contribute to less than 5% in each category 

shall be included in the resources list as “other” under each category; 

 nuclear power shall be reported among the non-renewable energy resources as kg of natural uranium and primary energy 

demand in (MJ); 

 energy content of biomass used for feed or food purposes shall not be considered; 

Water resource use indicators shall also be calculated from the elementary flows in the life cycle inventory. These indicators do not 

constitute a “water footprint” as potential environmental impacts due to the water use in different geographical locations is not 

captured. The minimum indicators for water resource use in the EPD® shall be: 

 Water resource use: 

- Total water resource use 

- Direct amount of water used by the core process 

The following requirements for the water resource use indicators apply (in part adopted from water footprint inventory in ISO 14046 

Environmental management - Water footprint - Principles, requirements and guidelines): 

 Water use includes evaporation, transpiration, product integration, release into different drainage basins or the sea, 

displacement of water from one water resource type to another water resource type within a drainage basin (e.g. from 

groundwater to surface water). In-stream water use is not included. 

 For water used in closed loop processes (such as cooling system) and in power generation only the net water consumption 

(such as reintegrations of water losses) should be considered. 

 Sea water shall not be included in the indicator. 

 Tap water or treated water (e.g. from a water treatment plant), or waste water that is not directly released in the environment 

(e.g. sent to a wastewater treatment plant) are not elementary water flows, but intermediate flows from a process within the 

technosphere. 

 Additional transparency in terms of geographical location, type of water resource (e.g. groundwater, surface water), water 

quality and temporal aspects are voluntary. 

Besides the use of primary resources, the life cycle inventory results will also contain flows from the technosphere (i.e. from other 

product systems) when using the attributional LCA approach in Annex A. As these flows do not carry any upstream environmental 

burden, they shall be reported under the following heading for transparency and completeness: 

 Secondary resources: 

- Material resources 

- Energy resources 

- Recovered energy flows, in MJ 

NOTE Energy resources are those resources that are used for energy conversion purposes in the product system. Recovered 

energy flows are flows, such as thermal energy, from other upstream product life cycles, where the previous life cycle carries all 

the environmental burden of the generation of the energy flow. 

6.1.2 POTENTIAL ENVIRONMENTAL IMPACTS 

See Section 5.1. 

6.1.3 WASTE PRODUCTION 

Waste generated along the whole life cycle of the product shall be handled following the technical specifications described in the 

General Programme Instructions. When the amount of waste has to be declared, the following information shall be reported: 

 Non-hazardous waste (kg), 
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 Hazardous waste (kg), 

 Radioactive waste (kg). 

6.1.4 OTHER ENVIRONMENTAL INDICATORS 

The following indicators per declared unit shall be reported in the EPD, divided into core, upstream and downstream module: 

 Toxic emissions. Specific requirements on how to include this aspect shall be specified in the PCR. 

Other environmental indicators may be added and specified in the PCR. 

The PCR may also indicate and justify issues that need to be addressed in more detail in future updates of the PCR. 

6.1.5 UNITS AND QUANTITIES 

The International System of Units (SI units) shall be used. Reasonable multiples may be adopted for a better understanding. 

Other physical units may be regulated in the PCR, if relevant, e.g. kWh for energy and kW for power. 

A maximum of three significant digits shall be used when reporting LCA results. 

The thousands separator and decimal mark in the EPD® shall follow one of the following styles:  

 SI style (French version): 1 234,56 

 SI style (English version): 1 234.56 

In case of any potential confusion, the EPD® shall state what symbols are used for thousand separator and decimal mark. 

Dates and times presented in the EPD® should follow the format in ISO 8601 Data elements and interchange formats – Information 

interchange – Representation of dates and times. For years, the prescribed format is YYYY-MM-DD, e.g. 2015-03-26 for March 26th, 

2015. 

6.2 INTERPRETATION 

The LCA report underlying the EPD® should include, as a minimum, a sensitivity analysis of key parameters and a data quality 

assessment. The results do not have to be included in the EPD, but should be available to the verifier. 

The General Programme Instructions recommend that the EPDs include an indicator suitable for demonstrate the share of specific 

data, selected generic data and proxy data for the environmental impacts. 

The PCR may recommend additional interpretations to include LCA report, based on experiences from the supporting LCA studies. 

6.3 ASSUMPTIONS AND LIMITATIONS 

The LCA report underlying the EPD® should include key assumptions made and the limitations of the study. The results do not have 

to be included in the EPD, but should be available to the verifier. 

The PCR may provide additional recommendations regarding assumptions and limitations associated with the results. 

6.4 UNCERTAINTY 

The LCA report underlying the EPD® may include uncertainty assessment of the results. The results do not have to be included in the 

EPD, but should be available to the verifier. 

The PCR may provide additional recommendations regarding uncertainty associated with the results. 
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7 INSTRUCTIONS FOR PRODUCING AND PROVIDING 

ADDITIONAL INFORMATION 

7.1 PROGRAMME-RELATED INFORMATION 

The EPD® shall include the following programme-related information: 

 Reference to the International EPD® System and to EPD International AB as the programme operator, 

 Reference to www.environdec.com,  

 The EPD® logotype, 

 The reference PCR document upon which the EPD® is based identified according to registration number, date and CPC codes,  

 Registration number (provided by the Secretariat), 

 Date of publication and validity. The date of the latest revision should also be provided. 

 Declaration of the year(s) covered by the data used for the LCA calculation and other relevant reference years. The main 

database(s) for generic data and LCA software used may be declared, if relevant, 

 Geographical scope of application of the EPD® 

 Reference to relevant websites for more information.  

7.2 PRODUCT-RELATED INFORMATION 

The EPD® shall include the following product and company-related information: 

 Product identification by name, trade name and product code (if applicable), 

 A simple visual representation or image of the product, 

 Identification of the product according to the CPC classification system, 

 Identification of the product according to other relevant codes for product classification (if appropriate), e.g. CPV code, the 

United Nations Standard Products and Services Code® (UNSPSC), Classification of Products by Activity (CPA) or Australian 

and New Zealand Standard Industrial Classification (ANZSIC), 

 Name and contact information of the EPD® owner, 

 Manufacturing site and country, 

 Functional unit or declared unit, 

 Short description of the underlying LCA-based information (e.g. summary of an existing LCA study or similar studies), 

Requirements on other mandatory information may be added in the PCR. 

 

In case of a Sector EPD®, the declaration shall also include the following product and company-related information: 

 A statement that the document covers average values for an entire or partial product category (specifying the percentage of 

representativeness) and, hence, the declared product is an average that is not available for purchase on the market. 

 A list of the contributing manufacturers 

 

The following information is voluntary to include in the EPD: 

 Technical description of the product in terms of functional characteristics, main product components and or materials, expected 

service life time etc., 

 Description of the intended use of the product, 
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 Manufacturers logotype, 

 Short description of the organisation, including information on product or management system related certifications (e.g. ISO 

14024 Type I ecolables, ISO 9001- and 14001-certificates and EMAS-registrations) and environmental policy,  

 Other relevant work the organisation wants to communicate (e.g. SA 8000, supply-chain management and social 

responsibility), 

Any claims made about the product must be verifiable. 

7.3 CONTENT DECLARATION 

The content declaration shall have the form of a list of materials and chemical substances including information on their 

environmental and hazardous properties. The gross weight of material shall be declared in the EPD® at a minimum of 99 % of one 

unit of product. 

This section shall be defined in more detail in the PCR. Deviations from this requirement in the PCR is allowed, but shall be justified. 

7.4 ADDITIONAL INFORMATION 

Additional environmental information is such information that is not derived from the LCA, LCI or information modules, but relevant to 

include in the EPD®, e.g. impact on biodiversity, impact on health, technical life length, maintenance, the final use of product, hazard 

and risk assessment, preferred waste management option for used products, etc. 

Requirements for mandatory and voluntary additional environmental information shall be given in the PCR. Methods used to report 

such information shall be specified or referenced. A justification for the choice of additional environmental information shall be 

included in the PCR. 

7.5 MANDATORY STATEMENTS 

The following information is mandatory to include in the EPD: 

 Differences versus previous versions of the EPD 

 Any omission of life cycle stages not making the EPD® cover the full life cycle, with a justification of the omission, 

 Means of obtaining explanatory materials, for example references to chosen methodologies, 

 A statement that “EPDs within the same product category but from different programmes may not be comparable”. 

The EPD® shall also give the following information about the verification process: 

Product category rules (PCR): Name, registration number and version/date of the PCR to be added by the Secretariat 

Product Category Rules (PCR) review was conducted by: 

The Technical Committee of the International EPD® System. Chair: To be added by the Secretariat 

Contact via info@environdec.com.  

Independent verification of the declaration and data, according to ISO 14025:2006: 

 EPD process certification (internal)  EPD verification (external) 

Third party verifier: Name of the third party verifier (accredited certification body or approved individual verifier) 

 

Accredited by: Name of the accreditation body. For individual verifiers, the text shall be: “Approved by the International 

EPD® System” 

7.6 REFERENCES 

The EPD® shall, if relevant, refer to: 

 The underlying LCA 
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 The name, CPC code and version number of the PCR used 

 Other documents that verify and complement the EPD® 

 Instruction for recycling, if relevant 

 The General Programme instructions of the International EPD® System 

Additional requirements may be added in the PCR. 

8 GLOSSARY 

CO2 Carbon dioxide 

CPC Central product classification 

EPD Environmental product declaration  

ISO International Organization for Standardization 

kg kilogram 

LCA Life cycle assessment 

PCR  Product Category Rules 

SI The International System of Units 

SO2 Sulphur dioxide 

UN United Nations 

Add any other relevant glossary terms used in the PCR. 

9 REFERENCE LITERATURE 

CEN (2013), EN 15804:2012+A1:2013, Sustainability of construction works – Environmental product declarations – Core rules for the 

product category of construction products. 

Guidance for Product Category Rule Development (2013), Ingwersen, W., Subramanian, V., editors. Product Category Rule 

Guidance Development Initiative. Version 1.0. http://www.pcrguidance.org 

ISO (2000), ISO 14020:2000, Environmental labels and declarations – General principles 

ISO (2006a), ISO 14025:2006, Environmental labels and declarations – Type III environmental declarations – Principles and 

procedures 

ISO (2006b), ISO 14040:2006, Environmental management – Life cycle assessment – Principles and framework 

ISO (2006c), ISO 14044: 2006, Environmental management – Life cycle assessment – Requirements and guidelines 

ISO (2007), ISO 21930:2007, Sustainability in building construction -- Environmental declaration of building products 

ISO (2013), ISO/TS 14067:2013, Greenhouse gases – Carbon footprint of products – Requirements and guidelines for quantification 

and communication 

ISO (2014), ISO 14046:2014, Environmental management – Water footprint – Principles, requirements and guidelines 

Add any other references used in the PCR. 
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10 VERSION HISTORY OF PCR BASIC MODULE 

This Section shall be included in the PCR as “Version history of PCR”. A version history and the main differences to earlier versions 

of the PCR document shall be specified. 

VERSION 1.0, 2010-1130 

Original version of this PCR Basic Module. 

VERSION 2.0, 2013-10-24 

 Compliance with to the General Programme Instructions, Version 2.01. 

 Use of the latest template 

 The system boundary for the core model now explicitly excludes research activities and business travel by personnel. 

 Specification for GWP calculation added from General Programme Instructions 

VERSION 2.5, 2015-XX-YY 

 Compliance with to the General Programme Instructions, Version 2.5. 

 Major editorial changes and use of PCR template by the Guidance for PCR development 

 More details on upstream and core processes 
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APPENDIX A: CONTENT OF EPD® 

As a general rule the EPD® content shall be in line with the requirements and guidelines in ISO 14020 and: 

 must be verifiable; 

 must not include rating, judgements or direct comparison with other products. 

This requirement applies also to images in the EPD as pictures, especially on the cover page, could in themselves be interpreted as 

an environmental claim. Images such as trees, mountains, wildlife that are not related to the declared products should be used with 

caution and in compliance with national legislation and best available practices in the markets in which it will be used. 

EPD®s can be published on several languages, but if the EPD® document is not available in English, the organisation shall provide a 

summary in English including the main content of the EPD® to be available on www.environdec.com. 

The EPD® cover page (if existent) shall as a minimum include relevant information about the product, such as name and an image, 

the EPD® logotype and date of publication and validity. 

The EPD® shall contain the following parts: 

 Cover page (voluntary) 

 Programme-related information 

 Product-related information 

 Content declaration 

 Environmental performance-related information 

- Use of resources 

- Potential environmental impacts 

- Waste production 

- Other environmental indicators 

 Additional environmental information 

 Mandatory statements 

 References 

 Executive summary in English (in case the full EPD® is only published in another language) 
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OTHER APPENDICES 

The PCR may include other appendices, such as: 

 PCR Review Report 

 PCR Committee Member Conflicts of Interest 

 Sample claim 

 Outstanding methodological issues 

 Additional requirements in standards not covered in PCR 

 Assessment form for conformance to the PCR Guidance 

If no other appendices are included, this section shall be deleted. 
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