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Abstract

Design of products permits to yield goods and sesvito produce satisfaction on customers,
which is measured as value. However, it is at stége in which most of the environmental
impact, from a lifecycle perspective, is addedhe product. Eco-design aims at increasing
value of products while reducing the burdens ondheironment by means conscious design
towards efficient use of resources. That efficienogferred to as eco-efficiency, can be
increased in a number of manners within environaleahgineering. Traditionally, different
fields have tackled materials, energy flows andipobs from different angles or approaches. In
this thesis we describe Functional Sales (FS) addsitrial Ecology (IE) as examples of these.
Within this latter, we put emphasis on Industrigi®iosis (IS) and Eco-effectiveness. We
consider these approaches are suitable to wottkeifiramework of eco-design to increase eco-
efficiency. By adding services to material produetsd managing material and energy flows
with a more ecological consciousness, we expettd@ase value of products while reducing
the impact on the environment.

To analyse this potential improvement, we developedethod involving a new eco-efficiency
index (VERI), that recursively intends to ease sietis on possible eco-efficient alternatives.
This index and its method are applied to a casdystun management of olive oil supply in
region of Murcia, Spain. Here, we propose thre@ages that will involve the implementation
of FS and IE to compare the outcomes in value andranmental performance against an
idealised current supply chain. The results obthia#hough not accurate, suggest that FS and
El should be more taken into account in eco-desiggh, this latter, to also consider holistic
viewpoints to find more eco-efficient alternativies a product development.
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1. Introduction

There are nowadays many theories and approachgsirthgood faith, try to find universal
solutions to current and future environmental peotd. These approaches come from different
perspectives, depending on the field and area péréise. In many cases environmental causes
are linked to other concerns such as economic rgctoanagerial strategies or the will of
improving the wellbeing of humans. Design playsayan role in this battle: on the one hand it
must comply with creating value in products to pkeaustomers; on the other hand, materials,
energies and processes are implied, and involves sampact (positive or negative) on the
environment.Eco-designis a strategy by which the value of the produsts$oi be increased
whilst the negative impact on the environment isimised, acting from the design stage. When
reached those goals, it is said that the produaoonpany is “eco-efficient”. But, how is it
possible to measure thato-efficiency How is it possible to reach those objectives?

This thesis describes some of the approaches adotemed. These afeunctional SalegFS),
and Industrial Ecology(lE). The idea is to apply them in the framework emfo-design to
produce gains in eco-efficiency. With this, we imddo demonstrate the beneficial potential on
value creation and the environment that it can lthgecombination of a variety of approaches
that, historically, have been tackled separateiythe following chapters we will describe the
underlying theories and will also develop and indekat we will define as VERI later in the
thesis) and a method to measure that called etesify. We also propose a case study based
on olive oil material management in a region ofi8pim which the approaches will be applied
and the outcomes on eco-efficiency measured witmihod and index. Such case study can
be understood as an idealised example of applicatith real data, since in a real scenario
deeper considerations should be involved.

1.1 Background

It is rather odd that someone has not heard alroligms such as global warming, material
depletion or animal extinction that affect us &ince industrial revolution on late “L@&nd
through 19 century, productions have expanded all over theldvmaking it possible to
process huge flows of materials for production whk energy released from combustion of
fuels. As the wellbeing was increasing, so wasctirapetiveness in the market and the demand
on new products and services for which more mdsedad energy where needed. In 1992,
during the Earth Summit in Rio de Janeiro, ternhsassustainabilitywhere discussed on the
basis of a more rational, equitable and long-teemspective-aimed use of resources. In this
scenario,eco-efficiencyemerged as a paradigm towards which every sublairam should
focus. This concept was defined by the World Bussn€ouncil for Sustainable Development
(WBCSD), which involves around 200 internationainganies, as follows:

‘Eco-efficiency is reached by the delivery of coitipely priced goods and
services that satisfy human needs and bring quafitife, while progressively
reducing ecological impacts and resource intensitpughout the life cycle,
to a level at least in line with the earth’s esttethcarrying capacity{7, p.2].
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This term, involving environmental, economic andiabissues, meaning “obtaining the most

requiring the least”, has been rather widespreatl. \Bhat does this term involve? What are the
factual consequences of its application in processel in the environment? How can it be

effectively measured and compared for evaluatiomltdrnatives? These are some questions
that may not have such an easy answer as compétethevmeaning of the term in it self.

As well, the ultimate goal of a product or serviseto please some demand and needs in a
“satisfactory” way, which is a rather abstract cpic It seems to be clear that the more
“valuable” a product/service is, the more it se@msatisfy the needs in a more or less expected
manner and to some certain extent. The term eddesfty is inevitably linked to this concept.
We, as daily consumers of products and servicee lmawvidea of what “value” is. However,
Walid and Yannou [8] demonstrate a wide varietyefinitions and ideas about it, depending
on the actor, shareholder or field that is evahgatiAlso they argue that, in any way, value is
built up within a company by means of processesmadagement whereas it will be judged in
the market [8, p.170], that is becoming more andentmmpetitive. Hence, there ought to be
some definition of value such that can be applied business so that the needs via products
and services are covered effectively and creatsfaetion in the customer. An effort to unify
criteria to combine the company’s, shareholders’ @ansumers’ wishes must be carried out so
that the term can be effectively applied in ecaeedhicy. In other words, a need for a unifying
definition of value in the bridge business-customeolving both points of view is to be found.

Meanwhile, the global concern about environmersgsilies increases. It is becoming usual that
customers do not want to, or cannot, receive ttegrel product/service for satisfaction when
the environmental and social burdens associatedpase a level of acceptance [9].
Alternatively, Rodriguez-lbeas [20], by way of aaked economic analysis, concludes that the
increase of awareness may not gedd newsfor the environment owing to market prices;
green products nowadays are more expensive asulh ofshe care they require, and more
pollutant companies will take and advantage of ceduprice to capture non-devoted green
consumers. Environmentally friendly production ddowexperience a change towards
competitiveness. As technologies advance, infolonad more openly available which suggests
that the social concern will continue to increase pressure over companies towards cleaner
managements and processes. Whatever means is chotilamot be acceptable to cover the
human needs and wishes if sustainability is notehding machinery to make the system work.

Hence, the present and future scenarios requitectimpanies continue offering products and
services competitively in the market i.e. incregsialue, whilst the burdens in the environment
are minimised. Both parameters (value and enviratahempact) may be expected to be the
reference for a company’s success. Any approadictmhelp to improve those factors should
be evaluated for further consideration and possipf#ication together with eco-design.
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1.2 Goal

The aim of this thesis is to show the potentiat@l on eco-efficiency of FS and IE. For this

evaluation we must develop a suitable eco-effigiandex. Such index is intended not only to

evaluate the current performance, but also to gaide assess future eco-designs. It must
involve a methodology, and be exemplified by a cdady. This latter shall clearly demonstrate

the possible benefits and drawbacks of FS, |E hedntdex proposed.

From the academic viewpoint, the thesis intendprtgpose some “conciliation” among the
disciplines available in environmental managemeaut engineering, and propose a new method
to calculate eco-efficiency to be applied at aaystlevel.

In practice, the thesis must provide a simple foolcompanies to evaluate eco-efficiency of
their products. Likewise, it aims at broadening swepe of solutions for eco-designers, by
combining other available approaches that tackiglai issues but from holistic viewpoint.

1.3 Research Questions
This research should clearly respond to the folhgnjuestions

RQL. Isthere a representation of value that could satisbyefficiency index expressions?

RQ2. Could functional sales serve as a means to ingrealsie of a product while reducing
environmental impact?

RQ3. Is eco-effectiveness an issue to be considered mgroduct/service design according to
the results?

RQ4. How applicable is in fact the theory suggesteth@research to the case study selected?

RQ5. Is it possible to apply the evaluation method (WER general, to other cases?

1.4 Limitations

Owing to geographical and economic differencescigs, dynamism and arrangements all over
the world we estimated convenient not to depicueah economic terms. Nor will we detail
economic consequences from the application oftteertes here introduced. Even though some
facts at a global level may be mentioned in thissihy as we are concerned of their real
implication in the systems proposed, no major epvodaletails or analysis should be expected
in this sense, leaving them for further researdme Theoretical background considered, the
analysis, case study and conclusions will intermatie as a rate of customer’s level of
satisfaction.

The case study to support the theoretical backgrdwas been selected according to practical
reasons such as data availability and potentialicgtylity. The scope and boundaries of that
case are to create a hypothetically ideal busisiégation involving a simple case of material
flow. As a result, the outcomes of the applicatminthe theory to real cases of higher
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complexity or different nature could be somewhapredictable. Nonetheless, the results are
expected to, at least, offer some hints of themniiztebenefits on eco-efficiency.

There were no up-to-date values of Eco-indicator(@®posed in section 2.1.2) accurate
enough so as to be applied in the case study. Meless, we explain the use of Eco-indicator
99 for being a good example of integrated indicéter involves various types of effects) that
can be applied to the method proposed in secti®3.3Any similar indicator can be likewise

used instead (just as it has been in the case )shydgxtrapolating the requirements of the
methodology of the index proposed to the altereatimes. Global Warming Potential (GWP)
was used instead.

The assumptions made, due to the short time-spdndata availability at the time of the
research, have affected the accuracy of the resilish assumptions do not take into account
practicability, feasibility or viability of the symsm proposed, although we believe the technical
system proposed could be interesting. As it isdmalisation, many other alternative systems
including those approaches could have been comsidanyhow, we would prefer it to be taken
rather as an example of application that make®tisal data.
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2. Theoretical background

2.1. Eco-efficiency

In the introduction we defined eco-efficiency asc@ncept that comprises ecological and
economic and social concerns in the creation ofievdb satisfy human needs and create
wellbeing. In order to be able to define this cgiderther, we must understand what value and
environmental impact are. In the following sectiowe define these parameters. We will also
set a framework to at a later stage explain thesiplessmeans to improve them.

2.1.1. Definition of Value

In the introduction we noted a lack of clear urdfiefinition of value that may satisfy both the
producer and the customer’s viewpoints. This cohcigpends greatly upon the arena from
which it is tackled. Walid & Yannou [8] discuss thhis concept depends on the expertise, the
actors, the circumstances, et cetera. Even wittianae company many different perspectives
can be found. Table 1 below summarises some idthsrgd from experts in the field of value,
according to their roles in the chain. From thisiswary, some global idea seems to exist among
all the definitions although it is rather complexfind the right words and explanation to gather
all the focuses. Some general hints may suggesv#hae is something that, as a consequence
of a customer’'s contentment for having their goatl erspectives satisfied, generates a
feedback in the company such that permits and eximnand/or strategic growth.

Table 1. Some criteria and basis that define valueithin a company (source: A. Walid & B. Yannou [8])and
from a customer viewpoint (source: R. Woodruff [10]

Roles/fields Perception or criteria of value

Economics Based on value-utility theories. ‘Related to the quality of the product’. ‘It is an intrinsic feature’
that makes it possible to distinguish products. ‘A same object can see its value increasing or
decreasing as the desire of the subject that needs it increases or decreases’.

Finance Based on returned value theories. ‘The value of the company is comparable to a capital, which,
placed at a certain rate of capitalization, gets an income equal to the amount of the profit of
the company’'. It is also usual to add the ‘goodwill’ to the arithmetic.

Marketing Comprise ‘value of purchase’ and ‘value of consumption’. They refer to the value a customer
perceives at the time of purchasing a product and its value when making use of it. The
transaction between both involves ‘moral values’.

Design ‘Value is materialised into a product (or service)'. High value means satisfying customers’
expectations at a relatively low cost for the company.
Management High value means that it satisfies a triple constraint: shareholders, customers, employees.

The surrounding community is also becoming important to satisfy when creating value in a
company or product.

Customer ‘Customer value is a customer's perceived preference for and evaluation of those product
attributes, attribute performances, and consequences arising from use that facilitate (or block)
achieving the customer's goals and purposes in use situations’.

Theories on economics have somehow translatedghoot centuries this abstract concept into
money and materialised it into different currencédisover the world (e.g. [12, p.5]). Such
concept has been so deep-rooted in society thatteveade goods of similar nature (e.g. a pair
of trousers and a shirt) is not unusual to uncansty convert its value into currencies for fair
trading. But in line with Woodruff when he statésitt ‘customer value is something perceived
by customers rather than objectively determinedtsgllef [10, p.141], unless there is a real
proximity between customer and producer, an “apeitgd’ price that satisfies both actors is
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unlikely to be fitted. He also argues thedhsumers may consider somewhat different attrsbute
and consequencést the time of the purchase and at the time afges[10, p.141]. This
suggests that after an experience with a produseorice, the valuation of these latter may
change, and it will rarely be perceived by theesadr producer — at least in the short term.

Some techniques such as Customer Satisfaction Maaent (CSM) or Customer Value
Determination (CVD) have proposed an approach famuca customers’ perception of the
products and services. Furthermore, some compataeb systems have been presented to
include the customer’s perception of current préslunto design and production stages to
“recommend” alternatives to customise a family ofducts [13]. But even such technologies
fail in the adaption of the customer’s insightstla perception of value in a certain arena at the
very moment they are being surveyed. This viewades with Woodruff [10] who, apart from
that fact, argues that related approaches suctsbsd CVD to determine a customer’s value
perspective, should be able to analyse hundred#fefent attributes, being them all different
for each customer and that possible surveys waildat today’s situation but not future. These
approaches seem to be somewhat tricky then.

Moreover, currencies all over the world are chaggtheir relative price. Consequently,
someone in a different country, using their curyemait as a reference, may see how value of a
product/service is enhanced or decreased even tlikgoroducer has not applied changes on it.
In other words, the quality and satisfaction comfiragn the use of a product/service might be
the same whilst from abroad it can be perceiveldaage in its valuation due to fixation of price
to a certain currency. To depict this idea letasgare a punctual trend of Yens and Euros. The
price of Japanese Yens in Euros arose 29% in aemafta yedr This means that some
European traveller that has gone to Japan a yeaamld bought a sandwich-maker, if visiting
today, would have to pay around 29% more for theesaandwich-maker, even though the
model and the price in Yens remained the saméhieevalue of the item has not changed but the
cost for that customer arose.

If monetary value is considered, it is expected thdoes not reflect by itself the actual link
between what the customer appreciates and to wteriteéhat was understood by the company,
and will also vary in time and space. It is obvithist price will influence our decisions, but one
cannot offer high prices if the goods do not fuldquirements. As well, when prices are
relatively close amongst different alternativefientnon monetary factors gain in priority [20].

Therefore, taking into consideration all the argotaevritten above, a definition of value other
than merely a price or economic based one is twhsidered in this research. The core shall be
more focused onto customer’s perception of diffeigutions or alternatives given that may
fulfil their expectations. As we will see in sectiB.2.1we will refer to it as Utility Value (UV).

! Information provided by Bloomberg as of'36f January 2009. (available at:
http://www.bloomberg.com/apps/news?pid=20602081&aid/rBCZnV_Ol&refer=benchmark_currency rajes
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2.1.2. Environmental impact

People have an idea in mind about what environrheémpact is. Yet, there are many
definitions and concepts associated to it that i concept with technical, economic or social
aspects for strategic use. The definition will dep¢hen on the field of application, its needs
and goals. It is not the goal of this researchather all those definitions although it is worth to
present some that could be of interest for the Idpweent of the ideas presented on this thesis.

From the ecological viewpoint, environmental impact consequence on the environment —
positive or negative — of an action, be it humanat; that alters the present ecological state at a
local or global level. Probably the straightestagsieould be about the emissions of a car, or the
pollution of rivers and seas due to uncontrolledpdsal of waste from industries and
transportation. However, the emissions from a vud¢cdhe unusual settlement of some specie in
an area or a tsunami can likewise harm the enviemnThese impacts are known as negative
since they “destroy” the equilibrium on the biosgghas we know it nhow. On the other hand,
reforestation of typical local trees and protectafnwild areas from human reach are some
examples of positive impacts of actions. As natpratesses are not controllable, we will focus
the discussion on the human activities and its egmsnces.

What is “positive” or “negative” still can be subjed to discussion. Any society on earth aims
at increasing or at least keep their wellbeingndpeinore or less in harmony with their
surroundings. But intrinsically (as no other anirmpecie would) none of them will sacrifice
their existence to save the environment, and ttexdotion between humans and resources is
inevitable. For example, even little extractiomaheral to produce tools in an isolated tribe has
some ecological effect as the original materialmeon a natural rock. The useful material has
to be extracted, processed and moulded. For thgtrttay need other tools also and likely use
some energy resource. The surroundings will noy drdve affected the landscape by the
extraction of the rock, but also by some “extra’tenal that will not be useful part and will
become, thus, a waste. When we translate similstesys to a macro-economy level, it is
expected a huge impact on the environment. Thisethunaterial flows related to extraction
and processing of materials is referred toegslogical rucksack[2] and represents only a part
of the impacts of human activity. The goods thereseivill become waste to some extent at the
end of their useful life. In addition, energy inpuand outputs from generation processes
contribute greatly to the consequences on the emvient, releasing particles, chemicals and
residual heat in amounts that cannot be acceptethdysurroundings without affecting the
biosphere. Materials, goods, wastes and their gimalbrucksacks are spread all over the earth,
and giving rise to a dissipative use of materi@d eoncentration in areas where they are rare.
Every duality material-energy, according to Coharséhthal [56] creates unavoidable entropy
that is to be minimised or else taken an advaragereach sustainability.

To minimise the impact, it is necessary to idenfltpvs of energy and materials. There are
several theories and ways to tackle the quantificabased on the type of results that are
pursued. For instance, the Material Intensity Retr af Service (MIPS) concept, developed by
the Wuppertal Institute for climate, environmerdgat energy (Germany), distinguishes among
abiotic and biotic raw materials, soil movementafev and air flows involved in a determined
region, generally at a national level [2]. By doithgs, it is possible to do a balance of inputs
and outputs within the boundaries to identify acuolation or depletion of materials, to spot
possible burdens on the environment. However thethod is a mere counting of flows and
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does not give away much information about the caasel sources of the emissions to have an
actuation over them. Material Flow Analysis (MFA)daSubstance Flow Analysis (SFA) yield
an inventory of flows of materials or specific starees, respectively, to produce a functional
unit or rather a unit of service (e.g. [57], [58[hese inventories permit to identify the sources
and quantities and, thus, what could harm the enmient in the selected time and geographical
scope. It can be further expanded to visualisesifo@tion in future scenarios. Yet, their results
are not normative i.e. do not state how good orthatlimpact is or could be. Moreover, the
results are strictly useful for the boundaries&elg and not expansible to other cases.

So as to state what is bad or and what is nos, itsuial to measure the impact according to a
common substance that causes some well-known impheyy are known amdicators The
activity of carbon dioxide (C¢ in greenhouse effect is perhaps the most utiliefedrence
when talking about global warming issues. Any saihst that is likely to produce such effect is
then compared to carbon dioxide by £é&yuivalent meaning that that equivalent amount of
carbon dioxide would have the same impact on gleliming. In this example the impact
would be measured by Global Warming Potential (GWiRjicator. By making such
comparison it is possible to evaluate the consempseaf, for example, a certain emission from
an energy source on the environment these terms.riiéthod can be extrapolated to a wide
variety of types of ecological and non-ecologiecapacts, by using a large list of indicators. Be
that as it may, and despite the efforts put inie #tandardization, there is always a level of
subjectivity which carries some uncertainty (marimation regarding one of this approaches
can be found in section 3.2.2). Therefore the numlobtained should be used as a great
reference when making a decision regarding envigstiat actuation, yet never as normative
result. Attending only at ecological consequendas,solutions would be then perhaps easier
but it is not the case. Several indicators can d®# uogether to create a richer picture of the
impacts. Municipalities are using them alongsideiadoand economic indicators for making
decisions, and they are due to comply with all ¢haspects, not only the ecological face.

Alternatively, large and small technical systemsehdeveloped much the economic aspect to
evaluate the environmental performance i.e. theremmental impact has been measured in
economic terms. It can be seen from many expertiseasost associated to an action to take the
environment from the affected state to the previsiage once that action is executed. This
includes concepts such as integration of Best A&l Technologies (BAT's), reuse/recycling
processes, maintenance, cleaning, etc. This syrasegsed for instance in LifeCycle Cost
(LCC) where direct and indirect costexternalities— are calculated and compared to find out
whether or not an alternative or product is viat@ot. More technical approaches consider the
economic savings from green practices (e.g. rewyclienergy recovery, eco-design) and
measure creation of economic value in goods andcesr compared against its externalities
(e.g. [42], [43]) for decision making and compargaenarios to chose the most cost-effective
and less pollutant alternative.

In summary, in this section we give a brief pictafesome of the ways by which environmental
impact can be understood and measured. Of cotwese, &re many other alternatives to describe
such impact, perhaps more accurately than thosemied here. By the aforesaid, the idea of an
unavoidable impact on the environment and its aatienection with other important issues for
society is presented, though. By understandingasagtility as the ability to reach one’s goals
today not jeopardising future generation to redwdirs, it seems to be clear that ecological,
economic and social aspects should be combined wiaking decisions about reducing the
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environmental impact. Then it must be measurednmoat suitable way for proper recognition
of the real situation and the potential harm ordfiémfrom an action.

2.1.3. Eco-efficiency index

The prefix “eco” stands not only for ecological cem, but also involvesconomidnterests. It
was noted in section 1.1 that the definition of-effeciency was about how to increase value of
a product while decreasing the environmental impdca performance. However, this idea
could become somewhat ambiguous when an actordstenmeasure how eco-efficient their
actions are. The concept of eco-efficiency index wained to help to solving this problem,
although this has expanded to high complexity. ¥and ecology are interconnected (refer to
previous section) and seemingly is its difficult tm influence one another and not to take into
consideration economic issues on the way. In itgpkst form it is the ratio between value and
environmental impact &s

Value Added
Environmental Impact Added

Eco — efficiency =

Yet, we have found that it is possible to meashesé¢ two parameters in a variety of ways
depending on the criteria taken. How do companges @ith this ambiguity?

There is a wide range of indexes that representfimiency in diverse manners which makes
about impossible to compare them. Following weoidiice some to reflect this inconsistency.
For instance, the Delft University of Technologytivre Netherlands proposes Eco-cost/Value
Ratio (EVR) as an index for eco-efficiency [59].iFmatio understands the relation between
price of a product as value, divided by the diremsts plus those that it would involve the
compensation of the harm in the environment causdatie entire lifecycle of a product i.e.
externalities. In AIST in Japan, the environmegtaibnscious design group developed Total
Performance Index (TPI, [42], [43]). Here, valueipressed as a sum of the contribution to the
possible price in the market of the different stamgethe lifecycle of a product; this is divided
by the square root of the sum of the stages codtxifal) and the square root of the lifecycle
environmental costs (externalities). Toshiba, adfenakes use of the “Factor T” [60], a self-
invented indicator to show the evolution in perfamoe of similar products through time.
Factor T is referred to the improvements in a pobdfi some technical parameters associated to
increasing its value against the main impacts eretivironment, also in a lifecycle perspective.
Sakao et al. [41] propose a comparative indexjria Wwith the Toshiba group’s idea. They
compare improvements of a pair of products in texincharacteristics as value creation
against reduction of environmental impact, thisetimeasured as Total Material Requirement
(TMR).

All those examples reflect an individual approachdefine eco-efficiency in a way, with
understandable and reasonable background. Howeigendt possible to compare among them
as they measure and calculate different conceptthérmore, the units do not coincide. Thus,
we are in line with WBCSD [7, p.8] when they clafor some standardisation of an index for
applicability at any level.

’As proposed in its original conception by the WBC8Dp.2]. It will be further developed later
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Welford [62] compiled an amount of articles thaschibe how companies make use of eco-
indexes in many different Environmental Managen{&n) strategies to fulfil their objectives.
For example, Toshiba provided its Factor T reporhamcing the improvements in their
products. But the lack of unification of critedaad interests produce diversity at tackling “eco”
issues. An index, regardless the factors for iteutation, has to be clearly defined and
represent what it was thought for: a number thamilrguously depicts the state of eco-
efficiency of a company or product. In the Toshieactor T it is not completely clear the
process of calculation and the parameters takenaio¢tount. In the article written by Erkko et
al. [61] they reflect how Finish EMAS’shave been making use of environmental indicators
liking them with the idea of sustainability, buetie is no consistency on the reports. The type of
information varies greatly among them and in the #ne environmental aspects are diluted in a
compendium of “extra” information. We can see tlsat,as not to create confusion, an index
should be conveniently accompanied of documentadfosources that produce the factor for
calculation. Moreover, the goals and objectives @ompany should be also included so as to
have an idea of the motivations and intentionsteme some criterion of how well or badly the
outcomes are and evaluate the determination oénkigy towards eco-efficiency. All in all, an
eco-efficiency index can be a tool for internal aexternal EM strategies, moreover as
environmental concerns among population increase.

Hence, an eco-efficiency index can be of greaityfibr internal management and evaluation of
the actuation. On the other hand, because of ttledfstandardisation, the parameters value
and environmental impact must be clearly definedalio stakeholders and supported by

verifiable data in a report. This must include takk information that can be relevant to the
affected actors — including final consumers. Areixds, thus, just a mere summarising number
that reflects the eco-actuation of the companyth&ur information is mandatory regarding

(among others) what is being analysed, what wasa&d, how the index has been calculated,
what are the support data and what are the conseesieof the actions, from value and

environment perspective.

2.2. Industrial ecology

Industrial Ecology (IE) can be defined dké study of industrial systems (materials and gyer
flows) from the perspective of natural ecosystef@s, p.37]. Graedel and Allenby [2]
developed this definition by claiming that it issthmeans by which humanity can deliberately
and rationally approach and maintain sustainabilityiven continued economic, cultural and
technological evolutioh It is then a field of application of ecologicaystems to make the
“synthetic” or industrial ones behave similarly &gy at sustainability as the ultimate goal. For
Cohen-Rosenthal, one of the most fervent suppodktkis field, it is about how to increase
value of the products and systems, at present@ndef by a less dissipative use of resources
[56, p.1111]. All this implies that IE is mainly dased on the management of material and
energy flows from the optimisation perspective ¢égluce raw material consumption, waste
generation and production of noxious componentthén life-cycle, to tackle environmental
problems. This field includes a variety of greerented approaches. In the following sections,
we present the general ideas and two specific $révat will be used in our case study.

3 EMAS is acronym for Eco-Management and Audit Sckiem

Page | 10



2.2.1. Managing the flows

IE does not talk about eco-efficiency directlyhaligh it may be intimately related to it at the
very core of its conception. Managing the flowshis main idea behind. Here, it is intended to
change the current waste-oriented mentality by me&istrategies towards a more efficient use
of materials. Graedel and Allenby defined thisdiels a systems view in which one seeks to
optimise the total materials cycle from virgin mé&ik to finished material, to component, to
product, to obsolete product and to ultimate digosnvolving ‘resources, energy and
capital[2, p.18]. Hence, IE inherently has to do with iogsation of materials, energy,
economy, taking as a reference the resource adnaiinis the earth practises itself.

Managing material and energy flows in IE has twanmsrategies [2]reducing the flonand
closing the flowThese are to comply with for main principles thaide this approach.

1. Dispersal of substances from the lithosphere tetusphere must not occur faster than
the rate by which this latter withdraws them antlrally returns them to the former.

2. Substances produced must be biodegradable andfmtalbe integrated into natural
cycles to be returned to the lithosphere. Also,dpation must not be faster than
depletion.

3. The use of natural resources must pursue a defgo and must be planned
consciously. Usage must not systematically degttaeldiosphere.

4. Basic human needs are to be met with as small padnon the ecosphere as possible.

Reducing the flow implies a much more efficient wferesources so that the inputs in a
lifecycle of a product are decreased. By redudiagflow, it may be possible to also reduce the
costs associated in extraction, processes, tramasioor, et cetera. It is obvious that if the same
product is obtained with less amount or resouraeshave produced more efficiently and that
can be translated into gains for the company. Shihig reduction in the flow imply a reduction
in the burdens on the environment, we can alsoafatiut eco-efficiency. Some sub-strategies in
design related to this strategy an@iaturisation multifunctionalityor repairability. Therefore,
reducing the flow involves a careful planning of tisage that is to be given to the products to,
first, reduce the amount of resources and, seclemgdjithen the life of a product to avoid
production from raw materials. It is thus, a prdimary approach.

Within this idea, we want to make a brief introdantof Industrial Symbiosi¢lS) as part of the
material management that will be proposed in thee sdudy in chapter 4. Chertow [3] has the
vision of IS as some collective approach of traditily separate industries to make use of
physical exchange of resources and by-producis.ah inter-company arrangement in which a
set of companies may share inputs and produceyutilit of some outputs (material and/or
energy) from other companies involved that, otheewmay mean a waste stream for the source
company. In our case study, glycerine by-produmhfbiodiesel production will be an input for
biogas production in the vicinity. The boundariasthis approach should involve the lot of
companies included in the sharing system. The m@mof IS, then, is a more efficient use of
inputs and outputs by considering systems notakati®on but from a collective stand point,
having gains in the environment by reducing thedeeef raw inputs for the global set of
companies.
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Closing the loop, instead, has to do with reusiagte streams i.e. it tackles the materials flows
from the end of the lifecycle of products. It mag, bt a systems level, the equivalent in IE of an
end-of pipe solution. Once a material product luss its UV, it will be disposed of by some
mean. The first and second principles require digposal to be handled in such a way that
neither the biosphere nor the lithosphere suffer dbnsequences. Also, these materials will
have passed through a variety of processes in vériengy and other materials are introduced.
By returning these materials to some previous stafga lifecycle it is possible to avoid
consumption of raw ones, diminishing in many caes energy inputs in a product, and
reducing the rate at which the waste is disposed of

According to Cohen-Rosenthal [56], the natural gmgrguiding all processes in the universe
implies that to take a material to a higher leviebier (e.g. to purify and concentrate a metal
from its ore) energy inputs are needed and theeugdlfjcause natural degradation in it. Thus,
although closing the loop tries to avoid the fidétposal of waste, this scenario must have
already had to be considered at the design staggertadequate utilisation, the useful life of a
product can be lengthened by appropriate designfanctionality. However, the materials
proposed for production must cause the smalleskogical impact possible, have reduced
inputs on energy to improve properties during pobidin and ease recycling. At this latter the
inputs for recycling process must not be highenttepse for raw materials and technology to
be feasible. Many are the possibilities for resitig the waste materials. These will depend on
the level of degradation that they suffered and afierementioned “extra” inputs. If the
materials are in good conditions and shape, it didag possible to disassemble them and
introduce them for semi-new products. Higher degtiad could still permit its return to the
production cycle by remanufacturing. When the nmaltdias been severely degraded, perhaps it
would be more beneficial to practice down-cascadigrecycling of materials to produce one
with lower quality. In the last instance, the optican be combustion of materials for energy
recovery. Ultimately, the least wanted scenarioldidoe landfilling.

Some issues to tackle from the design stagetraressmaterialisationand detoxification An
emerging concept that means a revolution at inftbld is eco-effectivenessvhich is further
described in the following section (section 2.2d)being one of the core approaches that is to
be treated in this document.

Then, proper material and energy management, caediace consumption of raw resources,
reduce waste at the last lifecycle stage and rethecburdens on the biosphere and lithosphere.

2.2.2. Eco-effectiveness

In this thesis we would like to introdueeo-effectivenesss a concept that could be relevant in
future designs with regard to material flows andimty, their environmental impacts. The
potential consequences of its application will iEcdssed both in chapter 3 (theoretically) and
chapter 4 (practically) in a case study kindly arowo reflect such potential.

This concept was coined around year 2001 by athifélliam McDonough and chemist
Michael Braungart. It means a twist for materiawfl management in industries compared to
that proposed by eco-efficiency. According to Jatep.250] eco-efficiency merely reduces the
impacts of an ecologically destructive industrigiseem at the margihsand represents a
‘cradle-to gravé material flow that only represents aifiusion of change” Based on similar

Page | 12



understanding, their creators described in what tiadled the Next Industrial Revolutidrthree
principles by means of which the material cycles ‘aegenerative rather than depletivs,
p.5]. These principles are: 1) waste equals fopdespect diversity and 3) use solar energy.

The first principle summarises the idea of elimimgtfrom the entire supply chains synthetic
materials that are estrange to nature, to makessiple a totally environmentally friendly use,
reuse and/or disposal of materials. Materials i@ ar® divided into two categoriesechnical
nutrients’ and biological nutrients’[5, p.7]. The former would be designed to be redus a
closed industrial loop letting preserve their giyabr even upgrade it; the latter would be
designed to be returned to a natural biologicalecyyy means of disposal for bacteriologic
decomposition. Both categories must not be irréblyrenixed to avoid the disposal of synthetic
materials to soil, air and/or water and organiesosvhen biological nutrients are withdrawn
from the biological cycle. Hence, potential poltutiis kept away from the environment and the
materials are naturally recycled closing a totad{fectivé cycle.

The second principle involves that, if the matefialvs in contact with nature are utterly
compatible with it, no possible negative impacnirproduction-supply chains or use phase is to
be expected. They would thus respdbe‘regional, cultural and material uniqueness of a
place’ [5, p.10]. Hencewastes and emissions will regenerate rather thgplede, and design
will be flexible, to allow for changes in the needpeople and communitig$, p.10]. Designs
must, then, take into account not only material sehnical factors to avoid the impact, but
also the possible uses from them to make it passibl

Finally, the third principle suggests making thestof solar energy. This resource can be used
not only directly in terms of direct heating orhtghg but also in modified ways, just as the
nature itself does with biological transformatisuch as photosynthesis, water evaporation to
form clouds, etcetera. Biofuels are a resourcestexploited under this principle.

Therefore, eco-effectiveness pays attention taebalts of the actions in themselves instead of
comparing the results with the input. Edwards stalbat Whereas eco-efficiency emphasizes
reductions in resource consumption, energy use,s®ams and waste, eco-effectiveness
promotes optimal design strategies that supporh lhotman and ecological systen®; p.111].
Eco-effectiveness consists of avoiding the impaainfthe design by means of non harmful
natural materials (i.e. detoxification) with flelebpossibilities and making the most of the sun
power to achieve the goals. To ease that, McDonaugh Braungart advocate for selling
services [5, p.9] - concept that will be discusgedletail in section 2.3 under the title of
functional salesWhen selling services, the producer can havena@aver the materials of the
product that supports that service. Thus, it issfiibs to carry out the actions (e.g. reuse,
recycle, upgrade, disposal of ‘nutrients’) necessarsustain the quality of the service while
keeping the material flows on the right path.

The most direct outcomes and benefits coming froenapplication of eco-effectivenésare
not, therefore, linked to a reduction of materiadl @nergy consumption, since they are recycled
in a cradle-to-cradle cycle where inputs are notasueed. The outcomes are that, be the
magnitude of the flow as it may, the flows will tean and support to the natural biological
cycles that have given the earth its biodiversitg achness. As McDonough statdddture—
highly industrious, astonishingly productive ancative, even ‘wasteful’'—is not efficient but
effectivé [5, p.4].

4 Some factual cases are availablétat://www.mbdc.com/profile clients.htfas of 6th of February, 2009)
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2.3. Functional Sales (FS)

Here we present FS as a strategy to consider adebign stage, to yield a different angle to
tackle value of products. This is below comparedraalitional product design to offer some
hints about its pros and cons. Nevertheless, vegand to eco-design and eco-efficiency, the
potential gains and drawbacks of FS will be furiwealysed in section 3.1.1.

Yet FS in itself is focused upon satisfying thedseef the customer not paying much attention
on environmental consequences [17, p.4], we woililel keep the focus of Product Service
Systems (PSS) ([18], [19]), which is an environmaéintconscious “branch” of FS that may

give a slight different touch. In PSS the primaoabis to reduce the environmental impact of
consumption, for which FS are applied. Hence, itames smoothly with the purpose of this
research, linking improving value by ways of seegiavith the aim to reducing the burdens on
the environment. Nevertheless, for being a bettemk approach, we will refer in this thesis to
the general concept of FS.

FS are referred by many authors with different rendefinitions, viewpoints et cetera. Sakao
and Shimomura [11] discuss about Service Engingéfik) explaining that a physical product
is a physical means to provide service, althougtait be a service in itself, and it provides
value by taking the receiver to state they preféithrough functionality; product and service

are equally regarded in this approach. Alonso efl#l] offer the perspective of Total Care

Products or Functional Products (TCP or FP) whieey tlescribe a system in which a set of
support services permits the total operability afdware to provide functions to the customer.
Morelli tackles PSS approach and defines it agnarketable set of products and services
capable of jointly fulfilling a user’s neef8, p.72], which goes in the line of TCP; howeve

Morelli emphasises the role of social contact with (potential) customer and not much the
environmental outcomes that should aim this apgroiiont [29] gathers many other different

definitions comprised by the concept of Functiofidinking (FT) where he describes a

futuristic society moved by the consumption of fiimes provided by a system that includes
technical, economic and societal aspects.

In any way the approach is taken, FS has the coreatisfying the needs of the customer to
generate value, for which a combination of physiaatl/or non physical products and/or
services are combined to achieve that goal. LindatllOlundh [17] pint the difference between
FS and selling services recalling that servicesititobe a solution for the former, but it is not
mandatory, since also material goods offer sometioims. In comparison with traditional
design, for this it is this material product-furctilink the focus for improvement, estimating
the use those products would have once the cussgouechases them i.e. physical products are
developed to improve their functionality “trying3 fit them to customers’ needs.

The new focal point by FS is to cover the utilityard not necessarily material - needs of the
customers. It implies integrating functions notyomito physical goods, but also considering

services as strategies, and where the company iwnesources — material and non material -
and the customer makes use of them. In other wtrds;ustomer receives functionality, whilst

the company manages their resources to providgi6atHence, some interesting differences
can be addressed between both sides (goods saldarational sales). In Table 2 below the

main ones are summarised, and further explainéallawss.
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Table 2. Summary of main conceptual difference betven goods sales and functional sales (source: adapti
from Lindahl & Olundh [17, p.5])

Concept Goods Sales Functional Sales
Ownership of goods Buying Renting
Company’s concern Short term Long term
Price Setting Cost based Value based
Relationship company- Distant, theoretical Close, practical
Binding relationship Purchase transaction Contract
Business scope Occasional, short-termed Interactive, contract-based

From the ownership perspective, it has been tadit propose to the customer some physical
goods, with continuously “improved” (when achievddpctions integrated into them. The
material product is to be purchased. Then, the emonof the company (apart from that of
satisfying the customer for strategic reasons)generally, linked to the customer by a
temporary guarantee that in most cases only calafests in design/manufacturing. After this,
the goal is to obtain feedback from their usagenrove design/manufacture and functionality.
However, since there is usually a poor companyetust contact, this is tackled from
theoretical approaches (e.g. CSM or CVD, mentidnesgction 2.1.1) which have not proven to
obtain total certainty about the real needs todbsfeed. On a different arena, a simple purchase
transaction generates a short-termed income thammly be sustainable by selling massively
([20], [28]) or with goods with a sort use lifespatherwise, the risk in the market will
increase since competitiveness also does, and #sh-flow generated might become
unpredictable at some point.

Finally, value in this approach is generated byghecess in the design i.e. covering the needs
of the customer, and its price will be set by therkat rules [8]. On the other hand, FS requires
a close relationship between company and custormenghich these latter should clearly define
what they need: customers must have available rimgep functions to achieve the goals they
have in mind. Thus, from FS viewpoint, the companyst work to be able to offer that
functionality by combiningheir human, economic, managerial and material resossasng
others) adequately. This ownership of resourcekes the core of this strategyhé customer
purchases a functionvhereasthe hardware plus service includes the totalitactivities’ that,

as a result, willénable the customer to benefit from a total fumaigorovision [16, p.515].
Therefore, this approach is not tackled by merelmse transaction, but requires a contract that
will bind customer and company in a mid-long tethat will depend of the company’s ability
to satisfy the necessary functions with quality aglihbility [29]. As a result, the value of the
products is regularly judged by the customer, d®dpgrice of the contract revised to fit both
expectations. Surely the market will influence thecing, but there is a component of
“customisation” that will differentiate products caimake them more difficult to compare. As
the customer rents the functions, the company&rasts are to lengthen the contract as much as
possible to expand in time their incomes, and tthes concern shall cover a long term
perspective, and the feedback carry continuousdaugiments.
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3. Integration of Functional Sales and Industrial Ecology in an
eco-design framework

3.1. Potential consequences on eco-efficiency

Analysing all the theories drfacts mentioned in previous chapters, it seente teeasonable
advocate for a combination of different approacheailable in environmental engineeri
towards maxinsing the gains coming frc all of them. Moreover,tihas not been found
literature hindrances reghing their combination. However, seemingly allse approaches are
mostlytackled separately and in isolation. For examplete(l] and McDonough5] describe
eco-efficiency as a pooremedy that only reduces impact but does eliminate the
environmental burderend advocate for e-effectivenesswhilst Abuckhanderl4] goes in line
with our perspective when he claims théesetwo approaches do not exce one another but
are ‘complementaryto solve, in his research, problems regarding edaitt commerct

Eco-efficiency indexs a ratio that reflects the improvements in an-design Yet we have
presented some different definitions, they all egpasically in includingvalue of a product ¢
service with relation to the environmental impcaused in the lifecycléseesection 2.1.3 for
further details). To increasalue whilst reducing environmental impeaeveal, then, a good
eco-design. It isvorth to say that it at this stage whermost costs are underta. In Figure 1,
it is depictedhe high risk that desigimpliessince at early stages, where most of the deci:
should be takerthe availability of information about requirememind needs is rather redu

On the other handa‘poorly conceived product cannot reach the satifa of the custome
despite the efforts made in the stages downs’ [8, p.166]; the degree of freedom toake
changes over the design wrinformation is available decreases as the desigreseevolves.

= = = =Degres of freedom

Lewel . ) .
Design Itemmns detemined nfonmaton

+

= = B
-

Design process

Figure 1. Evolution of information and degree of freedom though a design process (sourc
Sakao T., Linkdping University, 2008)

A trail of consequences can be addressed from adgesign.Perhaps, the mc obvious is that
it would affect the economiesults, bt there would also be an importartvironmental impa
from many different pointf-or instance, let us say t therequired value is not achievi The
customer would decide not to consume the produgits; this leads to prodtion and
manipulation of goods to provide thproduct/servicehat will have no Le and, therefore,
would becomewvaste. In productic thereare involved both energy and material consump
that most probably would generate a considerabl@@mental mpact(discussed in detail i
section 2.1.2 It is arguable that materials could be recydledreate new goo, but in any
way it would require extranergy supply- and other material consideratic- involving again
some environmental impadittending to the definition of e-efficiency [7, p.2], its goal would
not be achieved at all, and the -efficiency ndex would be outrageously Ic
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We believe that, if we are to create a design sydie give support to sustainability, this
definitely should not be based on uncertainties s, but rather on reliability, confidence,
proximity to the customer and their needs and #geristy of that the environment will not be
harmed. Eco-design is a great founding towardsamatiility, but it should not be considered in
isolation. On the next sections we will dive in trepo find the potential that FS and IE can
provide to eco-design and their effect in eco-edficy.

3.1.1. Functional sales and eco-efficiency: optimising the ratio

Having some means to obtain vital information abatiat the customer “values”, in what
extent and how it is possible to satisfy it, isuthost importance. If one takes a look upon the
core of FS, it is found that a strong relation kestw customer and company must be created,
since both areinvolved and integrated in co-creation and co-pron activities [15, p.16].
Alonso-Rasgado et al. argue that the provider, ingathe company offering their services,
shares the business risk with the customer and therefereda to know much about the
technological and business activities of the custbfil6, p.516]. We can state that the product
or service is created “by” the customer and “fér& tustomer, by means of the resources of the
company. Proximity between customer and companymipeto have access to relevant
information that will be used at early stages ddigie, reducing the risk of failure at satisfying
the customer’s wishes.

Another important gain from FS, from the company&spective, is that a market is assured
since nearness creates a sense of reliability ®fbténd. This statement agrees with that from
Woodruff, where he mentions that perhaps the bigg@iss from satisfying a customer deeply
come from creating a feeling ofoyalty that will ‘reduce the customer’'s motivation from

“shopping around [10, p.148].

Altogether, from the business perspective, thengtrelations created by FS may contribute to
eco-design and company strategies by
* Improving value of a product/service at a lowek $ failure in design.

* Reducing uncertainties at early stages minimisisg m costs for fixing errors in
design or marketing.

e Creating and assuring a smooth cash-flow from alaegayment from the customers.
e Generating a feeling of loyalty towards a bran@ eompany, reducing competition.

* Providing long-business perspectives as a consequgrthis latter.

From the environmental perspective, it is well kmothat in many cases the use-phase of a
product is the stage at which most of the burdenghe environment are released. In FS, the
company would take over the management of the ressdor the customer only to concentrate
on enjoying the “benefits” of the service providedthose resources. This means, that the use-
phase still would depend on the customer but itlvélcovered and assessed permanently by the
management of the company, which provides the tdolgg and knowledge for an efficient
utilisation. Then the client benefits from [16, p6% the following facts.
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» Latest technology available due to competitivenesgshe market and knowledge
generated by continuous feedback.

* Guaranteed availability.

» Minimal capital expenditure to receive the sentlta, all in all, means the value.

We can suggest an example of a man buying a caredeem the investment in the car, the
buyer might make use of it until it does not workymore. Furthermore, he might take it for
close commutation to make the most of it, releasingecessary emissions. He would cover
other expenses such as taking the car to the miecfpaying both for the spares and service),
or buying cleaning products (and probably doing thkeaning himself). On the other hand,
technologically the efficiency of the car will dease along time. Newer cars will be available
in the market showing lesser emissions, include l#best technologies and possibility use
renewable fuels. They could also be more comfagtdidbnetheless, until the car has paid off its
value (i.e. has given in service the results exqBcthe buyer will not change the car and will
continue with that pattern. If we consider the amoaf vehicles that are sold every year, the
environmental consequences of a poorly efficieltasproduct relation are then enormous.

Now let us consider if the man does not “own” tlae but equally needs it daily to cover his
needs. A rental company would offer him a top-a-ttass car (owing to competitiveness) with
a good environmental performance (because thet lEesnologies are then available), clean
(services are included in price) and ready to wer&ry day since a technician has assured it.
Further, perhaps this man does not even have toyvatwout parking it. The rental company
would undertake all those parallel activities fbe tuser at a lower cost as they own the
resources of which they must make an efficienttasacrease profits. They would learn from
the preferences and habits of the clients, as tiseseclose relationship fed every day. As a
result, the use of resources are minimised, tlestaechnology applied, and the customer pays
a lower price for being able to commute daily, whis the core of the value in this example. To
increase value whilst decreasing environmental ahpgans being eco-efficient.

However, implementation of FT in the core of a hass presents some important drawbacks
that are worth to discuss. The first one gives net¢ga the company’s structure and hierarchy.
Owing to customisation of the products, each ofmtheay be tackled as a single project in its
design stage, for which some structural requiremignthe company are necessary. Shenhar and
Dvir [30] depict the risky situation to fulfil prefts at a system or array level (i.e. involving two
or more functional operational units) when datailadity is insufficient and the complete
need for a flexible structure within the compang.iiwas argued, the core of FS would support
data availability. But the company must be flexibt@ugh, mainly in terms of human resources
and costs allocation, to have available their resmiwhen and where it is required [31]. This is
commonly achieved by a strong matrix organisationwhich generally project managers
control resources and make decisions towards a gdbrtunately, this kind of structure is
rather new and thus still uncommonly integrateddmpanies, even less in small-and-medium-
sized enterprises (SMEs). So the first step foegrdation of FS goes through a tricky
organisational restructuration of the (human) resesiof the company.
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Secondly, FS introduces a social factor as a keypoment of the design process. Morelli finds
‘designer’s capability to observe and interpret aréfs, social needs and attitudes with respect
to certain technological phenomér{a8, p.76] a must-have prerequisite. Becausenat fact,

he also claims the following important.

» The design culture of the engineer.
» The provider’'s approach to the service.
* The customer’s culture and capability to infer asd the service’s innovative contents.

* The technological knowledge embedded in the arteizsed for the service.

Therefore, the socio-technical solutions must goubh a thorough analysis for which special
social skills and/or knowledge in the field seenbécadvisable to succeed.

Also, there are some social aspects that may alam@®rs to FS. Within those social aspects
there is one addressed by Lindahl and Olundh [if{ mgard to the strong capitalistic feeling
that ownership has over goods. This is seen agraéebfor implementation but can be also
extended to justify cases in which FS would notsbpported. For example, a company can
cover a wedding celebration involving ornamentseriag and wardrobe services, and even the
ceremony in itself. Nonetheless, an important pathat ceremony involves the wedding rings
that, undoubtedly, the holders will want to own.eTeompany could assess and provide the
rings, but once it all is ended (meaning the wegldithey could not claim for them. In such
case, it is a simple purchase transaction of gobi#tewise, a company supporting FS will
“own” material goods to some extent to undertakairtibasks that, again, would have been
provided by a third party (more purchase transas)ioTherefore, although FS were widely
adopted, the strong feeling of material ownershgquid somehow sustain material sales and
would be an option in the market in some share.

Altogether, FS offer a great scope for improvenfenan environmental, strategic and possibly
economic perspective. Nonetheless, its implemamatiust overcome structural needs, social
knowledge acquirement in design and some cultuaatidyrs of which we emphasised the
capitalistic factor. Therefore, the final decision its adoption must arise from the global
picture and a thorough balance pros, cons and iliieab

3.1.2.Industrial ecology and eco-efficiency: greening the performance.

In section 2.2 we gave hints about the possibleslinetween IE and eco-design. IE aims at
implementing the best practice possible over tlseurces so as to diminish the harm on the
biosphere. For that, it is needed to define thatetly on the design stage. There, decisions
about, for example, the type of usage, the maser&juired or the expected waste management
are made. It was also exposed in previous chafftatsmprovements in eco-design are usually
measured in numerical terms by an index that coesowalue of a product divided by its
environmental impact. Taking this expression asfarence, we can argue about the potentials
of IE within the framework of eco-design.

The creation of value (discussed in section 2.departs from the very beginning in the task of
design [8]. It has also been said that the conogrrecological impact from a product is
becoming more and more important (e.g. [15], [200 will influence in some measure the
decision about the choice of a product. Althoughmight not be a parameter of utmost
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importance for the practical (application) utility a product, it is for the image of the company
and product, and also for the considerations tdkethe customer, and should be taken into
account. It seems to be sensible to believe tpab@uct that provides much value for customers
will even have better consideration if it is ecabadly friendly. This label can be seen therefore
as a strategic factor that can mean the final iffee between one product and another, should
not price be much relevant.

When value is tackled from an economic perspective,potential gains from IE can become
even more appealing. Being able to reduce the anwiuaw material at production, being less
spendthrift in energy usage, having access to waaterials for reassembly or remanufacturing
and detoxifying the chain, not only satisfy the f@uiding points on IE. Economic benefits
from re-usage of sources, savings in energy andmaterials and compliance with legislation
on waste disposal and hazardous substances, maKgresfn” thinking an economically
appealing issue. Although this perspective is rasidted in this thesis, we could not neglect
such clear point.

But the one to benefit the most from IE strategegshe environment itself. Appropriate
management of resources reduces the need of éotraxdtmaterials from the lithosphere. As
less material is input, in the long run, less matewill be subjected to ultimate disposal.
Comparatively with a scenario without such greemceons, the biosphere would not be
exposed to that large amount of waste, landfilimguld become a less usual practice. For
example, Sweden, a cutting edge country when inesaim environmental protection, in 2006,
has been able to recycle about 47.2% of their wW@&8% as material recovery and 10.4% as
biological treatment), and some similar perceni@®e8%) is sent for energy recovery through
incineration in a power plant [21]. This impliedetiheduction of 15% of the landfilling from
2002 to 2006, and the possibility to make more afsa 94% of the waste stream. The choice
between recycling and combustion will depend omiety of considerations, such as the type
of fuel avoided in combustion or the additional utgpto the recyclable stream to factually
recycle it. The 470ktonnes biologically treatedafy2006) permits the country to have access to
biogas to run cars and avoid gasoline, or to reptam-renewable combustible such as natural
gas in a combined heat and power plant (CHP).

In section 2.2.1, we emphasised the possible fd®.dts successful application helps the local,
regional or national authorities to have more aan@iver industrial waste streams from the
perspective that the ecological rucksacks from natextraction and the amounts of waste to
treat and disposed of are severely reduced. Theessiof implementation of this strategy in
eco-industrial parkshas been reported by Chertow [3] and summarisedVb¥f [4], as a
process in which the most important factors arettropenness and reliability among the
companies involved to overcome the main threas&: iri supply, technological stagnation and
reduction of flexibility in production. Over thathere are other factors such as policies and
governmental support that can boost the implemientar dynamite the initiative.

The most well-known eco-industrial park is that eleped in Kalundborg, Denmark, that,
according to Chertow, could success thanks to ple® dbusiness environment set by the Danish
government and the freedom to develop green prigodaeres et al. [22] reported how the
initiatives carried out in the Netherlands were ensuccessful than an amount in USA due the
fact that they were initiatives that came from ttmmpanies themselves towards a more
convenient use of resources, and supported bydimpetent authorities. In USA, instead, the
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initiatives came from the local, regional and nasibgovernments as an economic plan, and the
involvement of the authorities in the process cdusdusals from companies. For IS to be
success, the idea must arise from the set of indssnvolved. The amount of fruitful cases
reveals IS as a promising alternative that produoésresting outcomes. In the case of
Kalundborg, the economic savings are of over 1%onilf/year. The environmental savings are
quantified® in 1.9Mn¥/year of ground water, 1Miyear of surface water, 200ktonnes/year of
gypsum, 20ktonnes oil-eg/year, among a high amolrgduced emissions to air and water.

Hence, with regard to eco-design, the implemematib IS will involve the tackling of the
production and resources scheme taking into acdbemeighbour industries and their streams.
This will influence the selection of materials, teeergy usage, the disposal scenarios of by-
products during production stages and the avaitwlof resources at a, perhaps, more economic
price. The designer must consider the systems @etigp rather than an internal one, and link
the company with its surroundings for higher corepee. The results of the successful
implementation in the running eco-industrial panksldwide reveal that sharing resources can
suppose great savings on material, waste manageer@henergy. The potential reduction of
the negative impact on the environment, togethér thie economic savings, and the possibility
to exploit a green label in products, makes of g dés material management, with eco-
effectiveness and IS as our prime examples, aactitte and most potentially eco-efficient
solution for design at a system level.

The other role of which we are to analyse the p@ikeonsequences in this thesis is eco-
effectiveness. This does have a strong focus ortiedng the desired results on design i.e.
being effective, regardless the amount of resouregsired. This last statement means that at a
glance, efficiency is not a priority, and even stsiias a conflict of interests. The amounts of
materials and energy utilised are not relevanbag bs it is guaranteed that the entire chain is
free from toxic substances, the materials are cetelyl biodegradable in a relatively short term,
the substances are not estrange to the part dbitlsphere they are in contact with, and the
energy utilised is entirely renewable. Thus, gitles freedom for resource usage, what are the
potential gains when trying to increase eco-efficie?

The core of eco-effectiveness is the concept afstraterialisation by which materials in
products will be replaced by biodegradable and mamaful ones. This switching will carry
with it detoxification of the chain to some extead noxious substances will be avoided for the
lifecycle at the very first step. The use of renbl@aresources, based on continuous energy
supply from the Sun, would provide the energy ispitthe rest of the stages. Therefore, all the
inputs and outputs are said to be utterly harmiesshe environment, and the environmental
impact reduced greatly. Waste management is alsedeand compliance with laws on waste
treatment is achieved from the design of the prodlite raw resources are naturally restored
on the lithosphere and reutilised in what is refdrto as acradle-to-cradlé lifecycle [6]
where, according to thermodynamic theories, they oahl input is the solar energy [5] to
overcome entropy needs [56]. Then the environmeygdbrmance would go in line with the
natural sustainability of the biosphere and thesrtbgative impact would tend to a minimum.
Reducing the environmental impact does improve only part of eco-efficiency.

® Data provided by Anna Wolf (PhD), at a magisteleature on Industrial Symbiosis in spring 2008.
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Therefore, to be consistent with eco-design gaads;effectiveness should be applied along
with other strategies suggested in IE (e.g. denadigation, reutilisation, recycling). Thus it
could be also possible to increase value by makimge use out of existing streams and
reducing the need of raw materials. In this thegisuggest to combine transmaterialisation and
detoxification from eco-effectiveness with efficiamse of material and energy streams of IS.
From this mixture it is expected to contribute to-efficiency by

* Reducing material and energy flows, with reductérosts of managing resources.

» Easing waste management by avoidance of toxic raktan the lifecycle, meaning
possible reutilisation and recycling of materiads,reduction in the costs associated
with treating waste according to existing legisiati

» Enhancing the use of renewable energies, thatingiease demand as non-renewable
ones continue their depletion and lose quality.

* Reducing the environmental impact importantly.
* Increasing value from green labelling of products.

» Providing a higher scope for improvement at tagkli®sign of products from a system
perspective.

We are aware about the youth of IE as compared tvatlitional design. The coupling of these
will require more research on the former and mogdagation “out of the box” from the latter.
However, despite there is a long way to go, in thég in the framework of eco-design can be
of interest. As an example for analysis, we progosase of implementation in a material flow
in chapter 4.

3.2. Measuring gains in eco-efficiency: proposed eco-efficiency index

We already exposed that, in order to be able tatifyamprovements in performance involving
environmental issues, nowadays it is usual to ealyco-efficiency indexes. There are many of
these available in the literature. For example,aBa&t al. [41] propose an index based on
relative improvement of value and environmentalfgrenances of new alternatives against
existing ones, linking functionality criteria wittechnical facts by means of Multi-Criteria
Analysis (MCA) matrix. Kondoh et al. ([42];[43]) deloped indexes linking value creation
through production stages with their harm on thevirenment to identify possible
improvements. However, most of the indexes founplyna methodology and knowledge that
can become somewhat complex if there is lack okdige in this field. Besides, most of them
tackle the design at a process’s level when perfaasystem’s level could work better.
Moreover, using monetary units at a system’s lewaly result quite arduous as it can be
painfully difficult to allocate costs.

We estimated appropriate to create our own indepatied by simpler methodology involving
straightforward concepts so that it may be appleat any level in the market. This index
should answer questions such as: to what exterpgheoaches described in the theory are to
have some effect on eco-efficiency? How much dosdhapproaches affect to the core
magnitudes (i.e. value and environmental impact@mwapplied in real cases? The information
obtained by this new index should assess new desiginby providing data for technical design
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stages as in, for instance, Quality Function Depleyt (QFD) [37] o its environmentally
conscious branch QFDE [38]; rather, we add linotadi for admissible both minimal value and
maximal environmental impacts for future designendst provide orientation for engineers to
increase the former and reduce the latter. Ithisnt management-based rather than technical-
oriented.

The proposed index has the form or the most basiception of eco-efficiency, given by
WBCSD [7, p.2] below. Hence two variables are talbBned in mathematical terms: value of a
product/service and environmental impact.

Value Added
Environmental Impact Added

Eco —efficiency =

When considering value one must keep in mind the feetor of “customer perception” or
rather “customer satisfaction” without which nocet§ in design are worth. It was also argued
that when using monetary units, the actual relabietween the product/service utility and the
value addressed by the customer becomes somewlsattain since it would inevitably
attached to market moves, and these depend on eraadafjnancial and marketing strategies.
They lose the focus on design stages towards wietctistomer needs to have satisfied.
Consequently, we suggest a value definition based mnk from customers appreciations and
interests, that covers the utility needs to prowdgsfaction, regardless other managerial issues.
The analysis of different valued alternatives igied out by ways of a Multi-Criteria Analysis
(MCA) matrix, using an ideal option as a referefarduture development.

The environmental impact, in turn, will be analy$exin a lifecycle perspective by making use
of environmental indicators, and may also affea ftlhtility value by the concern of the
customers. As it will be explained later, the eommental performance is also a compromise of
the policies and goals of the company and afféedtisiness strategy. We propose the use of a
methodology based on Eco-Indicator 99 (EI-99) wilgatudy the environmental burdens from

a lifecycle perspective, and identify potential pedor improvement in production, use and
disposal stages.

The procedures for calculations of value and emvitental impacts are detailed in sections
3.2.1 and 3.2.2 respectively whilst in section 3.@&e propose the overall methodology to
assess future designs. With regard to this laites worth to reveal at this point that the
methods proposed are based on the idea of consrnioguovement, by iterative process, of the
eco-efficiency index. Here, the results of a desigih give away information and orient the
next design to increase that index. We also mefhieya that we refer to iterations as “z”, where
z=0,1,2,...00 °. We will use this nomenclature in the formulashalgh it may be omitted if
the context makes it clear that we refer only tétamation stage.

® Whenz = 0, we refer to an initial approach that has not asgkssment by our methods i.e. a “blind” approaarh f
the company to value and environmental impact s absessed by other methods available
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3.2.1.Calculating Utility Value (UV) of a product/service

The method we propose to calculate value has afisem that suggested by Neap and Celik
[23]. They make use of a MCA method, where a maitniat includes different alternatives
(usually in columns) and their attributes or cheeastics (in rows), gathers some quantitative
or semi-quantitative data to depict the situatimnrhaking a decision upon a set of alternatives.
Neap and Celik include in this MCA matrix real détam some customer’s perspective that
will somehow “weight” the attributes for every attative. These authors’ viewpoint of value
added - which is price-based in their method - ive® marginal theories where scarcity and
desirability combined create the value, which entfvariable and depends on the subject and
the context of the exchand®8, p.159]. The value of a product is a lineamimnation of fixed
costs — related to production, management, mageeét — and a marginal cost that will appear
as a result of the customer’s perception at a giiea, and will provide the actual economic
profit. In this thesis we will modify their proceduin some ways to eliminate the price-based
value to be consistent with our previous reflectiblence, we will focus only on the second
term (“marginality”) as the source of value linkiedthe desires of the customer, leaving further
economic considerations aside as part of marketogedational strategies. Our goal will be
here to obtain dimensionless numbers that summéresgerception of the customer for all
different alternatives. This will ease comparativelysis of utility value amongst them, and is
introduced as numerator parameter in our eco-effay index (proposed in section 3.2.3) for
decision making about most sustainable alternatiies gain comparability the numbers
obtained are normalised and contrasted with anl id#arnative which serves both as a
reference and as a target.

The method presented, thus, integrates\tbee of Custome(VoC) into MCA matrix for
comparison of what we refer to @ptionsor Alternativeswhich represent different scenarios,
services, goods or, generally, products, that espgsed by the company (e.g. different cars in
a car franchisee, possible trips in a travel agemcyshoes in shoe-shop) that a customer
inevitably and regularly would have to evaluateainmarket to make a decision before they
choose. In order to succeed with this, the VoC khmelude any aspect that could be of some
relevance to the customers. We consider the foligwnes

« Attributesor Criteria: the customer defines which attributes are neéoletthe good or
service to provide them satisfaction i.e. what ahtaristics are important or rather
what are they looking for, that will satisfy theireeds as a customer? Some
suggestions or explanations from the company magobgenient when the options to
be evaluated are rather new or the customer hasesespertise

* Weight they also rate the importance of those attributithin a scale i.e. how
important are those requirements to find satisfactiith the product/service?

» Opinion for a certain attribute, the customer ranks tatdxtent the different options
presented (i.e. designs) fulfil the requirememsyther words, how much the different
alternatives succeed in providing they are lookorgr need?

"It is usual to find some expert assessment in p sheompany and integrate their information tafiore support
in our final decision. For example, an assistard tomputer shop would tell us about some requinésrthat a last
generation computer should have if we have not nexgerience with them, and that we will integratthwaur own
requirements to find the best deal.

Page | 25



The results are gathered in a MCA matrix such asetkample one given in Table 3. This

example gathers hypothetical results (the humbave lbeen picked up at random within the
required scale) from a survey about three diffeggttons of pens (pen A, pen B and pen C)
among which a customer would have to make a decisefore they purchase one type (or
more). This hypothetical customer would define ¢hiteria on which his decision will be based

and rank in a scale how important those critera (@reight) and the opinion about in what

degree these options (the three pens in this ex@rfydfil those criteria. It must be remarked

that the customer can re-write the numbers as niamgs as they need to make the tableau
reflect their insights. We coincide with Kwortnik @&. [24] in that customers may change their
opinions regarding attributes once they have coatharhe context is an important factor when
comparing products (or services) at the stageeopthichase transaction [8, p.160].

Hence, as we addressed before, we base our cadoutétJV on three important parameters: 1)
the attributes that the customer feels are impoitenteria); 2) the relative importance those
criteria have amongst them for the customer at iatpa time (weight); 3) the level of
satisfaction for criterion, from the customer’'swjmint, that each option provides (opinion).
Each of these parameters will mean a step in tloelaetion of our UV. Below we will describe
these steps.

We should keep in mind that they refer to resuitsef single iteratior. The method is then to
be applied at all iterations and for every desfgiipwing its steps in the numbered order. For
simplicity we omit the terma from the formulas.

Table 3. Example of tableau summarising results for a hygithl case-study comparing three pens A, B and C.
The numbers reflect some hypothetic opinion (randombers). UV is given in the shaded cell.

Options
A B C X (ideal)
(a) (b) {a)-(b)

Criteria (*) RW (*) NW RS (*) WS RS (*) ws RS (*) ws | RS [**%) ws
Appearance 5,0 0,12 2,0 0,235 1,0 0,118 8,0 0,941 10,0 1,176
Colour of the pen 3,0 0,07 3,0 0,212 2,0 0,141 6,0 0,424 10,0 0,706
Colour of the ink 7.5 0,18| 8.0 1,412 7.0 1,235 8.0 1,412 10,0 1,765
User-friendly 7.0 0,16| 8.0 1,318 3,5 0,576 8.0 1,318 10,0 1,647
Width of line 8,0 0,19 5.0 0,941 7.0 1,318 9,0 1,694 10,0 1,882
Ink used per line 9,0 0,21 9,0 1,906 9,0 1,906 9,0 1,906 10,0 2,118
Env-friendly [**) 3,0 0,07 6,5 0,459 2,5 0,600 7.5 0,529 i 10,0 0,706
Total score (absolute) 42,5 1,00 42 6,482 38 5,894 56 8,224 70 10,000
Utility Value (relative) - UV(i) 59,3% 64,8%| 54,3%| 580%| 79,3%| 82,2%| 100,0%| 100,0%)

RW = Raw Weight; NW = Normalised Weight; RS = Raw Score; WS = Weighted Score

(*} Data Provided by customers

(**) RS in this criterion comes from LCE, and is provided by the company. RW is provided by customers
(***) Values according to ideality and goal set for LCE

Step 1: gather criteria for evaluatiorThe customer is asked to write down their persona
criteria for evaluation of the utility required. iBhs similar to the way they would wonder about
what they need, for instance, in a shop, but aggihahey noted it down in a “piece of paper”.
In the example above, the options are represengeithrbe different pens (A, B and C) the
customer is evaluating for potential purchase. @ifiteria are the attributes they will attend to
when doing the comparisons for the final selectibrihey have no special experience in the
field (e.g. buying a new computer with no technkabwledge) some advice could be given by
the assistant to choose the criteria. Thus, we nsake the criteria may cover any possible
aspect that could be of relevance for them. Themmni“extra” criterion added in the list, and
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provided by the company that considers some eamdbgconcerns, represented by
“environmentally friendly” performance in the examabove. We do so since it is possible that
environmental worries may affect somehow the compas and thus final decisions, given that
the environmental performance for each option v®a&d. This behaviour is becoming more
and more popular day by day from many perspectj2f} so it should not be neglected.

Anyhow, the importance of this and the rest of ¢héeria are to be ranked by the customer,
which is explained in the next step.

Step 2: weight and normalise importance for craefcalculate NW) Customers will give
“importance” in the form of weight or rathBaw Weigh{RW) to their criteria in a scale from 0
to 10, where 0 means that it is not important i slightest and 10 means that it is of utmost
importance - note that this weigh also will afféctthe environmental performance criterion
added by the company, and will be then cancellad it is decided. Free humbering is allowed
between those limits to reflect their opinion. Tdessults are normalised in colufNprmalised
Weight (NW) for some standardisation and rank importaaogong them. Thanks to this
normalisation, any other linear scale is also blétand yields similar scores. Mathematically
we can calculate the NW for a criteripout ofm as follows

o wo)

NW = -

{ D=3 wh
W (j)e [0; 10]

The design process should start right after theduation and the criteria and weight provided
by the customer will give hints. For instance, adow to the results in Table 3, the “amount of
ink per line”, its “width” and its “colour of line'seem to have relatively high importance
whereas “colour of the pen” and “environmental parfance”, although somehow influencing,
are not much relevant for the customer. Theser@itgre to take into consideration when
working on new designs as they magnify or redueevtiiue utility perception.

Design stages or subsystems can be addressed\Yo@hby different methodologies, of which
perhaps the most widely applied and accurate mayQB® [37] or its application to
environmentally conscious design QFDE [38]. Theia® proposed may be factual at the
moment of the survey (and possibly modified acaaydio these results), redesigned to fulfil
most important criteria, or new designs of prodiartfices.

Step 3: rank of fulfilment of criteria (obtain R®)nce presented the options to choose from (in
the case in Table 3 to chose a pen out of threejpmers are asked to evaluate how much these
realise the requirements for each criterion. Thiesalts are gathered in the coluniRew Score
(RS). Again, the scale for the rank is given frono@& 10 with similar meaning i.e. if an option
shows that fulfils the requirements for a certaritedon that score will be high, or low
otherwise. In the given example, the three perasglenuch the customer’s requisites in amount
of “ink per line”, option A shows a “so-so” “widtbf line”, and A and B have some unattractive
“appearance”.

At the end of the tableau there is an idgation Xthat works as the ideal alternative i.e. the case
in which the product or service is completely ssstal at fulfilling all the requirements. By
definition, the score for each criterion for optignwould be 10 out of 10. This alternative X
will serve later for formal comparison of what tbempany offers and the distance to the top
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feasible value in a time. In this sense it can glside in what direction improvements in new
designs should be aimed.

It is important to say that the opinion on enviramtally friendly performance is ranked in RS
columnshby the companysince they have all the information regarding he&ll or badly they
do in these terms. In a way it is an assessmerthéocustomer’s inexperience in the field, but
that will be given importance by means of the weigls it was previously mentioned. Its RS
requires d.ife Cycle Environmental Impa¢t.CE) calculation, dealt with in the methodology
presented in section 3.2.2, so we would rather hHuklissue for later. What we can address
here is that the scale used for this criteriondsitally the same as for the rest with a little
clarification: in principle there is no best or wbrenvironmental performance, although the
goodness can be measured in terms of achievemeeliaiion to pre-set goals and restrictions.
This fact implies that the results on this critariwill be as objective as the company would
want by setting a challenging goal and not just esa@asy-to-reach one to inflate the RS's.
However, the method proposed in MCA still keeps nteaning and the weighted score
incorporates the weight given by customers, sowilide somewhat levelled.

Summarising we can mathematically state that, faioasi out of n real options, and where
n+1 represents thaeal alternative, and criteriop out of m (j = m is the environmentally
friendly performance criterion)

RS(i,j)e[0;10] ~j=1,2,..,m
RS(i,m) = f(LCE())
RS(n+1,j)=10~j=12,..,m

Step 4: calculate UVTo claim that we have obtained a good UV for adpob or service means
that customers have a highly positive opinion arggortant attributes, given proposed options.
We do it in two parts. In the first one (the nemtriula) we summarise the three previous steps
into Weighted ScoreéWS) for each option to, afterwards, obtain a dimensionless number
UV(i), representative of the non-price-based valuetame of each alternative. For an option
andm criteria we can state that

WS(i,j) = NW(j) - RS(i, )

uv@) = Y WS(@,))
j=1

The UV(i) results for the example in Table 3 are represelyetie shaded cells (namely/(A),
UV(B), UV(C)and UV(X)in the example). The formula above calculates tligesin terms of
individual WS. But to judge these values, they niaesstompared against a reference. The upper
limit for the UV will be, of course, set by the oobtained by the ideal option X, formally
optionn+1. In the example the ideal option scot¥é(n+1) = 10. Thus, taking such score as a
reference, it is possible to calculate a percestitre for each option that remarks how close or
far they are from the complete satisfaction of thguirements. The formula can be written as
follows, and will yield the value parameter for ondex®

uv (i)

UVn+1) 100

uv (%) =

8 UV(i) will be regarded to as UV(z,i) to descritietUV of an option “i” within a design iteration™z
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According to these results in Table 3, option Caoist a score that means that could reach some
82% of he customer’s absolute satisfaction, whiay lme interesting. Meanwhile, A and B are
lower with roughly 65 and 59% respectively. At argte, it seems to be reasonable that option
C is the most pleasant. Nevertheless, value orgyesents a half in eco-efficiency. To be
consistent, we need to analyse the environmentphdinfrom a lifecycle approach. In next
section we confront this issue.

The use of MCA method to obtain value of a prodigt/ice has been argued with pros and
cons from many different fields and applicationseigtting, and along with this, ranking, is
probably the main drawback, since it includes amartant degree of subjectivity in the
calculations ([33], [23]). Moreover, customers aarange theirs mind towards criteria with
relatively easiness or rank them differently depegan the way the questions are made [24] —
we will see this actuality in the case study intieec4.4.1. This leads to the fact that the
stakeholders that are to make decisions have atwessa with arguable reliability. Kiker et al.
mention that by such manipulation of datiecision makers are prevented from identifying all
plausible alternatives and form making full useatffavailable and necessary information in
choosing between identified project alternatij89, p.95]. Also, price has been used as a main
stream for value integration in companies and itrige that it will influence most of our
decisions when purchasing goods or services. Neleds, pricing only makes sense when the
company knows that the good is sealable in the etamkhich means that it contains some
appreciation beforehand [8]. Also, if prices arghhicustomers will be more demanding and
stricter in their judgements, and the UV may natyva the expected direction. This can be, on
the other hand of some help to evaluate priceshiey dompany. Anyway, this is left to
marketing practices that, as we stated, are nofjtlaé of this thesis. We would like to offer a
method such that eases decision-making processgisgpaside economic considerations.
Hence, we strictly pay attention at “what is whia¢ tcustomer wants”, which is a prior or
parallel to “how can we make it economically vidble

It is frustratingly complex and so far it has neeh possible to find the perfect way to evaluate
customers’ insights. We discussed in section 2Helwide variety of definitions of value and
the disparity and aims amongst all of them. Thus also questionable the accuracy of other
methods, if the value definition is different teetbne we support. Besides, this methodology
has been utilised by many important bodies sucb/raed States Environmental Protection
Agency (USEPA) or the US Department of Energy tdvesodilemmas with regard to
environmental issues achieving successfully the@gas reported by Kiker et al. [39]. These
authors as well propose some tools such as Analyerarchy Process (AHP) to reduce the
uncertainties when using weights. Other authoig (84], [32], [33]) propose the inclusion of
standardised tools such as physical or environrha@rdi&ators in MCA to provide reliability.
The tool that is proposed in this thesis is sintply proximity to the customer that FS involve.
The long term relation between customer and compaany help to understand the insights of
the former and adjust the ideal service to the neglds of the customer after every iteration
process. When this informational gap is shortenesgljits will become more and more reliable
and it will be more likely to provide high-valuedoglucts covering important customers’ needs.
This step is strategically vital since, in line kvkValid and Yannow,the organization has to
satisfy them [the customers] first in order to shtithe other two categories [shareholders and
employees] in the long rufB, p.169]. Moreover, since the customer is iropted in the design
of the products, the information available at eatlgges increases and thus uncertainties and
risks in design decrease.
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Finally, we believe that the practicality of thisethod and the easy conceptual background
supporting it makes it suitable to be applicablecognpanies with different resources willing to
have a near relation to customers. Additionallyseation 3.2.3 it will be shown the practical
gains from MCA method when tackling eco-efficieraoyd in chapter 4 the implications of FS
modelling applied to a case study.

3.2.2.Calculating Lifecycle Environmental Impact (LCE)

Eco-efficiency, deals with the ratio between vagiemerated and the environmental burdens
arising form its creation, from a lifecycle perspee. In the previous section it has been
proposed a method for comparison of different afieves, in a design iteratian in terms of
value as customer’s satisfaction level. All the saone must attend also at the environmental
consequences that are linked to such alternativbe tible to choose “eco-efficiently” amongst
them. Furthermore, in the previous method, a @oiteregarding environmental performance
and its score in a scale, are also included fotoowsr's evaluation. Yet it is necessary to define
such score by some method that.

There is extended literature providing methodsaloudate the LCE of products or services (e.g.
[33], [34]) i.e. the impacts on the environmentfrextraction of material and energy resources
for the creation of value, to its final fate, othear, from a cradle-to-grave standpoint. Those
calculations and their evaluation are tackled byeCycle Assessment (LCA) and its tools.
Basically, in LCA, a set of temporal (usually a ge@nd geographical (local, regional, national)
boundaries are fixed, for which the materials amergy flows, including emissions to water, air
and soil, are measured, counted or, in some castémated, with regard to a unit of reference.
The balance of inputs and outputs per unit of ezfee will give as a result some impacts on the
environment. Such inputs and outputs are regarsl®thysical IndicatorgPI) and are measured
in mass/time or energy/time unitSince a mass or energy flow is not “good or baditself,
they must be turned int&nvironmental Indicators(Els) or Environmental Performance
Indicators (EPIs), Which must be able to provide the appropriate infation support to allow
such a value judgement32, p.455]. There are many EPIs available andswaywhich LCA
and EPIs can be matched to present the resultsinBtance, the European Environmental
Agency (EEA) proposes ten main EBlthat comprise frontitizen satisfaction with the local
communityto noise pollution to be used at a local-to-national level. Thus, fibst task is to
define the LCA tool by which our assessment isndésl to be carried out, and that satisfies our
needs in design.

In this thesis we will follow a methodology basadtbeEco-indicator 9XEI-99) ([35], [36]) -

steps from 1 to 5 below are summaries of thesearfes. Nevertheless, similar linear EPI's
can be applicable to our eco-efficiency index (IYJE method in Japan, ISO-14031 or Eco-
Indicator 95). EI-99 methodology is to be udmddesignerdo evaluate the burdens on the
environment of a variety of alternatives. It prasea dimensionless number that intends to
summarise the LCE of a product/process. It is dgpe in a set of five stePswhere the

performer decides the accuracy of the informationbe included in it. Thoroughness is
proportional to reliability of results. The authows well, provide a manual with standard

° For material flows it is usual to use kglyear arrtes/year while the energy unit is typically MWHdyealthough it
is open to using any unit of flow that may be repreative of the case study.

10 Available athttp://www.eea.europa.e(last access on 2009/02/18)

1 We added an extra sixth step to match the results EI-99 to our needs
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tableaus (see Appendix I) and application softwarease the procedure. This methodology
allows single assessment of alternatives or comparamong a variety, which is our case.
Nonetheless, the authors state that the sahasldalways be used for internal purposes and
are not suitable to use in public comparisons, ratirlg and eco-labelling, as they lack the
necessary transparencyAt the same time, they also state that if cortglgocumentation and
data, as well as intermediate results are preseogedher with the results, thayaybe used in
that sense. Be that as it may, its goal, adaptybilnd procedures make of it most suitable for
our purposes that, all in all, are for decision imgkat a company level. Once obtained this
score, this will be transformed, by a sixth step, provide the rank for environmental
performance in the value method developed in tbeipus section.

We will describe the EI-99 methodology in two paffisstly, we will explain the concepts
inherent to the indicators; secondly we presentaatigal guideline in five steps to obtain the
results by EI-99 methodology plus a sixth to tratesithose results into our required scale for
our MCA method.

In order to know what these indicators involvejsitnecessary some basic background. To
abridge the theoretical description, a summaryctkist shown in Figure 2. An EI-99 is an index
measured impt/P1 ", calculated with data from study of impact on pratibn, processing,
disposal and recycling of a material or energy seuand transportation. These indexes are a
combination of thredamage categoriemiamely:

 Human Health comprises the impact by which life expectancyhafnan beings is
altered to be worsened or/and shortened.

* Ecosystem Qualityinvolves the percentage of all species that tdisappeared in an
area as a consequence of human activities thao lexdvironmental loads.

* Resourcesrelated to resource depletion that it is hererrefl to as the quality of the
remaining mineral and fossil resources.

These categories intend to represent the mostari@wpacts on the environment, among other
that may be addressed. This simplification has loeeried out due to the fact that weighting
impact categories (i.e. evaluating the “importancé”these categories amongst them in a
percentile scale) to obtain an index such as Bi&9proven to be a most difficult task. Lesser
amount of categories eases the process. Sincertigss is rather subjective, it is important
that the developers are aware of the consequenodsg from each category.

Each category portrays quite dissimilar impactserht is not wonder then that they comprise

different units, and different units cannot be atideherefore, it is necessary a normalisation of
values obtained in each category. In a normalisatimcess, the numbers are divided by a
reference quantity in order to obtain a dimensieslealue and ease comparability. As EI-99
refers exclusively to environmental burdens withEBuropean boundaries, European

normalisation values are considered (these valtegigen away in the practical guide of the

authors). This is an important point since, for sh&e of accuracy these indicators can only be
used within European territory.

12 “mpt/PI" refers to millipoints, which is a dimensleas unit that involve the damage caused by adfipibysical

indicator (P1). Although this unit is the usual upi/P| may be used as well, where 1pt < > 1000mpt
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Once it has been understood the meaning of im@degory, it is possible to move to the right
in Figure 2 (or backwards in the information flot@) the effects Effects are sub-steps that, in
turn, gather data in relation to specific sortsimpacts For example, “acidification” and
“eutrophication” are effects on the environment tlmatch with “ecosystem quality”, but does
not with “resource” depletion. It is included thienthe former as a contributor to the damage of
the quality of ecosystems.

Actions /
’ inputs-outputs
Categories p P!
Damage to :
2 E i
mineral and ——{Surplus eneray for fulure extraction Concentration minerals I“_ : < anod
fossil 5
/ [ surplus Surplus energy for future extraction Fossil fuel availabilitv (per tvpe) fossil fuels
// |ener
/
4 g;—"’-{“ ional effect on vascular plant species I'—|Change in habitat size Sl
/ Damage to == bccupation and
- " |ecosysem Local effect on vascular plant species transformation
Indicator quality [% vasc. = _ _
plant species tAcidiffeutr. (occurrence farget species) Changed pll nutrient avail. -y (INOx
*km2 ‘!r| e = 5 = Z = \[ SOx
“{Ecotoxicity. wxic siress (PAF Concentr. urban, agri, nat. soil " NH3
RV
——{Climate e (di displ B o tration greenh. g
Damage to — imate change (diseases and disp oncentration greenh. gases Heavymatals
human health (Ozone laver depl. (cancer and cataract Concentration ozone depl. gases # co2
[disability "‘ HCFC
adjusted life —{loniz._radiation (cancer cases pe Concentration radionuclides iy Nuclides (Bq)
DALY _ z = P
L ~|Respiratory effects (cases and type Concentration SPM and VOC's E’GC‘S
“Carcinosenesis (cancer cases and tvpe) [——{Concentration in air, water. food [+——PAI'S
Normalisation Damage analysis Exposure and Resource analysis
and Weighting LEffect analysis Land-use analysis
Fate analysis

Figure 2. General representation of a EI-99 construction. Whitge boxes added on top indicate data flow, wthike
ones at the bottom regard analysis stages. (sddcceindicator 9935])

Each unit by which the effects are measured hdsearatical background that we will not
describe in this thesis. Nonetheless, it is wastimention that these involve some suppositions
and make some estimations that may accumulate soroe in the final calculation of each
indicator e.g. the carcinogenic effect is obtaibgdcalculating how many years a life has been
shortened from an reference life expectancy. Metailkd information about these constructs is
available in the guide [35].

As a result there are indicators for a wide varigityompounds and energy sources currently
calculated and available in public databases. Toegr:

» Materials the indicators for production processes are basetkg material produced.

» Production processes/treatmentseatment and processing of various materials are
expressed, for each treatment in the unit appreptiathe particular process (e.d of
rolled steel sheet, kg of extruded plastic). Thigsuior usage are defined in the annexes
of the reference guides.

» Transport processeghese are mostly expressed in tonne-kilometre.
= Energy generation processesits are given for electricity and heat poweasdarced.

»= Disposal scenariasthese are kg or material, subdivided into typesmaterial and
waste processing methods.
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El-99 methodology assumes that each El represelgigehof damage considered in isolation
from the rest. Likewise, the five bullets above t@nmeasured by PI for different substances,
energy sources, etc. For example, production oecemas an EI-99 of 20mpt/kg that includes
the processes implied to produce an amount (kgreshent. The impact is yielded by
multiplying the proper EI-99 by its PI. In the prews example, if the design requires the
production of 2,000kg of concrete to satisfy thectional unit, the impact from cement
production is 40,000mpt (or rather 40pt). Similangedure is utilised for calculation of impact
of material production, transportation et cetegaubing the proper units and amounts. On the
other hand, a lifecycle can be divided into théofwing independent stages.

1. Production: It involves materials, treatments, transports exida energy.
2. Use includes transport, energy and possible auxiliaagerials.

3. Disposal different scenarios and processes for each rahtgge.

Each stage will contain combinations of the presiodividual impacts, and therefore will have
their own partial score. The partial scores from single stages can be, thus, added to obtain a
final overall score.

So far, it has been explained the meaning of Elé@@fswhat they represent. Next we describe
the steps to follow in application. Again, for madetailed information about the procedure,
consequences and limitations refer to [36].

Step 1: establish the purpose of the calculatiist and foremost, the designer should define
if the analysis will be focused on a single altéiiea or on a comparison of different
alternatives; in the case of a comparison, it Wél crucial to specify what exactly is to be
compared. As it was mentioned before in this sactiois will determine the level of accuracy
of the results. It is expected that for an evabratf the environmental impact of a design the
information collected will depend on how detailbe tstudy is intended to be, and that is up to
the designer’s or company'’s criteria. On the otieend, should it be for comparative analysis,
the more detailed it is carried out, the more bdaand comparable the results become.
Different processes, materials and, in generalcyi€les may be involved. If no special care is
taken in the description, errors will accumulatetiyh calculations and it might not be possible
to decide among an alternative or to do it wrongly.

Step 2: define the Lifecycléfhe designer creates a flowchart that includes phdies
contributing, to more or less extent, to the envinental impact of the product - the accuracy
has been previously defined in step 1. When comgaseveral alternatives, each of them
should have its own flowchart. These should bet $plo the three stages defined above to
facilitate the use of EI-99s. This requires ideytif) them and linking them with their materials,
transportation, processes and/or energy needs.xAmme is provided by Figure 3 below
describing the environmental impact a coffee maehin
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Coffe beans Paper Polystyrene Aluminium Steel Glass
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processing moulding forming Foiming

Assembly and
transport

Packaging Water

Use Electricity

Disposal of coffee Disposal of machine
and filters and packaging

Figure 3. Basic flow chart of a LCE of a coffee-machie. Some streams such as the electronics have been
omitted for simplicity (source: EI-99 manual [36])

Step 3: guantify materials and processddis step is aimed at collection of data for
calculations. For this, it must be defined a fumetal unit to which the results will be referred.
Some examples of such unit may be a lifecycle gfr@duct, a consumption of a service
throughout a month, a light intensity requiredight a tunnel, amount of coffee prepared in a
year, et cetera. When deciding on the function# fen comparative analysis, it is of utmost
importance that that is representativalbthe alternatives; otherwise comparability is hirede

For instance, when comparing heating systems, atrafureat required to heat up a volume of
reference is a suitable functional unit as it ce\ay alternative. Comparatively, a heater unit is
not a reference if solar power or hot-water pipéygtems are also alternatives. In the example
before (Figure 3) the functional unit was referre@ year of individual coffee consumption.

Step 4: gather data and apply indicatois.is here where the designs are linked with the
environmental loads by ways of the EI-99’s. Theiglesr must find the indicators for each flow
described and the units they require for the catouis i.e. the PI. The authors offer a broad list
of indicators for different stages, materials cgrsarios. Nonetheless, due to the huge amount of
possibilities, materials, processes, etc. thedfsEl-99’s is incomplete. Therefore, it is the
designer’'s task to approximate, interpolate, exti@p or assume values by comparison with
available ones. This list is updated yearly anérsfinew EI-99’s, and values for existing ones.
These indexes can be customised by request toltamtsu

The data is compiled in tableaus (provided by tid@s of the method) such as the one shown
in Appendix I. Mathematically, for a single aspectfor example transportation) and a single
stages (e.g. use-phase), we can describe the step by

Result(a,s) = EI99 2 .
= * T it
esult(a,s (a,s) [ Pl ] (a,5) [Fun. Unit]

Recall that the Pl must measure a material or grfeyg or similar in units that will be defined
by the EI-99 to permit aggregation of results. Tihiplies that all the calculations must have
results in units of pt/Functional Unit or else pt/Functional Unil. Subtotal and total
aggregatedesults are described as the sum of the partimésaespectively by
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Subtotal —iR It [ mp? ]
ubtotal(s) = 1 esult(a,s) Fun Unit
a=

Ttl—iSbttl [ mpt ]
otat = ubtotal(s) Fun. Unit

s=1

In this thesis, we refer to this total aggregateddct as LCE. Then, for an alternative design
(one in a MAC matrix) the expressior®is

LCE(')—EB:S btotal(i [ mpt ]
b= 4 ubtotal(i, s) Fun.Unit
s=

Step 5: interpret the result¢his is the last step in the EI-99 methodology &g definition it
aims at finding the most relevant impacts resultfrmm the calculations, and identifying
potential scope for improvement of LCE of designs.

It was said that the accuracy in a single desigtyars depends on the depth desired but also on
the level of aggregation (addition) of data. Basadhe Subsidiary principlg Olsthoorn et al.
[32] suggest to take the aggregation process tdotlest level possible (i.e. to show results
before additions are made) to ease decision prostsse the “troubles” are created. Thoresen
[34] distinguishes among three levels of aggregafrom ‘macrd (stakeholder) to micro
(process) scope of which the lowest permits thatifieation of potential improvements when
using EPI's. It means that at a stakeholder letgtgl aggregation would be interesting for
strategic planning but more detail is needed talie to make decisions about design, process
or materials [34]. This fact is more much more evidwhen different options are compared by
this method. Aggregation at a subtotal level magntidy the stages at which the designs
produce higher burdens on the environment, wheateasddends will permit to know which
sources create such burdens. We advocate for spallithe levels since this is a bottom-up
method and it means no extra efforts. Nonetheld@ssyill be the LCE(i) scores (total
aggregated) the ones to be considered for stefp@/pand the ones that (as it will be explained
in the next section) can be part of the proposeeeéiiciency index.

An important observation is thatCE(i) may be negative, meaning that the impact on the
environment is a “constructive” impact. This usyak the case of companies working on
recycling, treatment of residues, or the like.

Step 6: integrating results in the MCA matrix the previous section we pointed how the
environmental performance may influence a custosngtandpoint. That is why this criterion
was included in the MCA matrix, for which we traatsld the numerical results from our LCE
analysis into a 0-to-10 scale i.e. to calculgt®e(i,m) In this step we describe how we do it.
After this step, we can use this value in step BI©A method.

We assume that a company working on eco-efficidrasyincorporated an EMS in its hierarchy.
EMS is a goal-oriented managerial strategy basegreen performance. The core requires the
establishment of SMAR objectives [31] i.e. reasonable in time and scdjpese objectives,

13 LCE(i) will be referred to as LCE(z,i) in next chapte denote an option “i” within a design iteratitai
14 Acronym that stands for Sizeable, Measurable, pisre Realisable and Timed objectives
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as we will see in next section, can be translat#tli mto an improvement of an eco-efficiency
index and/or of its parameters. It is the compang&k and stakeholders’ responsibility to set
the goal. For integrating LCE into the MCA matnixhich involves 0-to-10 scale) first we must
fix some maximum admissible LCE @&CEmaxand a goaL.CEgoal Fixing them involves
deeper considerations that will be described it segtion. Be that as it may, we can write here
the expression to translate the results of LCE auioMAC matrix scale. Fan real options and
the environmental performance criterimnwe can state that

LCEmax — LCE (i) )
*

Rstm = (
@&m) LCEmax — LCEgoal

Here, we can light some discussion. Some expaytseahe accuracy of the EI-99 methodology
for several reasons. The physical boundaries atenéed to the entire Europe so no local,
regional or national boundaries can be applieds Tiplies that impacts at a local level in a
country are comparable with national impacts intheo country, even if they have rather
different consumption and management strategievalne@s. Also, the errors accumulated from
the creation of these EI to the final scores, thhmut the first five steps, might not represent the
real impacts on the environment. Moreover it idiclilt to state if the LCE obtained is high or
not. Since references are self-created we introduea more subjectivity in the analysis.

Nonetheless, the authors claim that the numbelsrdat are for the designer to evaluate them
taking into account all their considerations arat tihe main goal is not to provide an accurate
result but to contribute to morervironmentally-friendly souhgroducts design [36, p.8-9].
The scores obtained, although based on assumptons or less realistic, loose part their
meaning after all the mathematical manipulationg, giill may give a good hint to offer an
overview of the potential or actual harm on theiemmment. The more applied it is, the more
expertise and substantial the information will beedor the designer.

As well, from the application perspective, the dasr must have some skills on dealing with
environmental issues to have enough criteria tdegegteps in the flowchart. This sort of
misapplication can be a catastrophe when choosmangst a set of options. Some training is
then advisable prior to any final application atatement. Also some stakeholders may interact
in the process and some measurements might noaappée transformed. Olsthoorn et al.
claims that that somedmpanies focus on measuring (and reporting) whay ttan measure
instead of What users of such information ideally would likekinow [32, p.456]. Maturity,
compromise and good practise within firms and dtalders are vital to give away real focus
for improvement.

Perhaps the most important drawback for this metisothe constrained applicability. The
assumptions and normalisation values employedardévelopment or the EI-99's are based on
European statistics, European standard values \eraige values. Apart from contributing to
the errors, these facts hinder their applicabitifythe method outside Europe. Nevertheless,
there are similar methodologies that, as was meatiat the beginning of the section, can be
applied, obtaining rather analogous information. Wiésee in chapter 4 how in our case study
we could manage to apply this method with othes EI’

!5 CEgoal takes the LCE of an alternative if thigdais lower. In such case, the lowest LCE can be
considered as a goal in the sense that it is at sgdenario
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EI'99 has been an adaption and improvement of theigus version (EI-95) which has been
broadly adopted by many companies helping thenulfd their goals. For example, Hermann
et al. [33] put into practice EI-95 combined withCW for assessment of the environmental
performance of palm production industry in ThailahtME (its equivalent in Japan) has been
used by AIST for assessment of environmentallynfiig production.

EI-99 methodology, yet not included in 1ISO-14048&férring to LCA) is utterly compatible.
Despite the arguments against, its applicabilitgd aimplicity can help (and have already
helped) designers regardless technical, econongidiar@ resources available. There are many
other tools in LCA that can lead to more precislts, but they require much more expertise,
time and resources, and those are definitely othiefocus of this thesis.

3.2.3.Calculating eco-efficiency: Value-Environment Recursive Index (VERI)

As of now, we have obtained the two parametersofedficiency: UV and LCE. In this section
we describe the implications of their combinatioreach design iteration “z” and offer a simple
graphic tool. This is intended to help designdng, company and stakeholders in general not
only to represent the current eco-efficiency sitrabut also to guide the paths to reach their
goals by future designs. The objective is, theesfoo provide a simple tool that recursively
helps to improve eco-efficiency iteratiar) py iteration ¢+1). The assessment will come in the
form of constraints and goals to reduce LCE andeim®e UV as customers’ satisfaction. By
this, the customer will be given options that caydncrease an eco-efficiency index, among
which they will choose.

The index proposed appears as a quotient betweeand\L_CE. If LCE is calculated with EI-
99 (or EI-95) the result will be dimensionlessnift, it will depend on the El utilised. We will
refer to this expression &alue-Environment Recursive INd@XERI), in reference to a design
iterationz from now in advance. Some iteratipand an optiom among a set will yield

N _ UV(zD)
VERI(z, i) = LCEGD)

When an option has been chosen, we will simplifV(z,i), LCE(z,i)andVERI(z,i)to UV(z),
LCE(z)andVERI(z)respectively to indicate so.

The previous equation is a linear combination, wh&RI(z)becomes the slope inL&LE(2)-
UV(z) representation (see Figure 4). Mathematically,akes will take values from 0 to 100%
for UV and from <o to +o for LCE, but these can be restricted to a usefage of the scale in
practice.

Points on the bold lines represented in the imagésgure 4 are possible linear combination
between LCE and UV to producing a VERI. This simplathematical statement contains really
important and interesting features that will restour system towards specific goals. We
describe below these constraints and the procaduo&er increasing eco-efficient options to
the customer.
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Figure 4. Graph LCE-UV depicting basic VERI features.The figure on the left represents the situation ddimg
with positive LCE results, whereas the one on the rig does it with negative ones.

Setting VERI and LCEgoal: pursuing defined goals on eco-efficiency

In the previous chapter, we mentioned the mandgebjactive of an EMS working on eco-
efficiency to increase the index by some amouritinh a defined period of time [31]. This,
factually, carries with it that there are some ¢x@ists in the results admissible in next iteration
l.e. fromz to z+1. An iterationz is completed when the customer chooses an optidhe
UV(z,i) andLCE(z,i) of this option will fix VERI(z)and this becomes a known value. The core
of the method is to increase this index after evesation by some factar(z+1), that will
depend on EM strategies. Once the management tfiesatea(z+1), the following iteration
must produce a minimal admissibJ&RImin(z+1)

Hence,VERImin(z+1)that should beat least reached in the next iteration and becomes the
first target. When the index is expressed as aafim®mbination of UV and LCE it is
represented as in Figure 5 below. We can statettigapairsLCE(z+1)-UV(z+1) should be
basically at least on the bold line in the nextiglesHere we can distinguish two situations,
depicted by the two graphs in that figure. Whenlidgawith LCE’s on the positive quadrant,
the pairs should ben or overthe bold line. Inversely, in the negative quadtiet should be
onor belowthe line

The initial properties of VERI are mathematicalkpeessed as

VERImin(Z+1) = OC(Z+1)' VERI(Z) s> 1
lim VERImin(z) = —oo

Z—00
1 UV(z+1) . ;
—2T>Y > VERImin n ~ VERImMin n =0
LCE(e10 (z+1,i) (z+1,i)
UV (z+1,) . ;
—2T>Y < VERImin n ~ VERImin nN<0
\LCE(Z+1.i) (z+1,i) (z+1,i)

Likewise, the company can define a goal on ecolgimpact, to which we callCEgoal(z)
This is the second target for designers. This vedusilised to calculat®&S(X,m)Yor the MCA
matrix (see step 6 in section 3.2.2). Yet shoutktsign reduce the impact beyond the goal, the
lowest must be considered insteadL&Egoal(z)for calculation ofRS(X,m}to be consistent
with the scale and the meaning - reducing the enmental impact further than the goal can be
seen as an ideal situation in itself.

There are different ways in which this goal cansbe Following we suggest three although
there are many other possibilities. Two of themarad b), are graphically represented in Figure
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5 below for the positive quadrant. We did not repre option c) for being understandable with
the other graphs. Also, we have represented otdynaltives for the positive quadrant since the
alternatives for the negative quadrant are quitélai in meaning.

VERImin(z)
UV(%) UV(%) VERImin(z)
A A
Uvmax | o~ L /uk /.'\
> UVmax | __________ L R e >
: :
VERImin(z-1) . !
: d VERImin(z-1)
I 1
UVmin{z) [ - ____ UVmin{z) | - ______ - : ___________ >
i
! 1
! 1
LCE (mP) H ' LCE (mP)
. ! Il -
" | LCEgoal(z-1) o

LCEgoal(z) = LCEgoal(z-1)
LCEgoal = (1-f)LCEgoal(z-1)

Figure 5. Suggestions for setting of LCEgoal(z). a)ixing LCEgoal(z) = (1$)sLCEgoal(z-1) (left); b) Fixing
LCEgoal(z) = (14)-LCE(z-1):

a) Fixing LCEgoal(z) = LCEgoal(z-1}his can be the case in which the goal intendatién
previous iteration still is realistic in the neveri&tion. Graphically it is represented by the left
figure above. We can see that the goal in the pusviteration represented much more of a
challenge compared to that in the new iterationcaigh it will depend on how much the slope
is increased.

This situation may only be useful then for longriegoals or they are not easy in the short term,
and hence it does not please the present neeelshnital design but managerial plans. It is also
applicable when the scope for improvement in thetstun of the environmental performance is
scarce and thus the stress is put over increasihtpldontinue being eco-efficient.

b) Fixing LCEgoal(z) = (18)-LCE(z-1) in this case we forceCEgoal(z)to be(1-f) times
lower (or higher in the negative quadrant) than i@k yielded by the previously selected
product. g will take positive values when we are in the pesitquadrant to reduce it, and
negative in the negative quadrant.

Even though we use a reduction over the curremcgs product as a mirror, it does not
necessarily mean thatCEgoalin this case is lower than in the preceding |dojhe previous
chosen alternative was not the one with the low€& among all the alternatives. Designs may
increase value at expenses of increasing their &@kE although the index is stricter than before
it may create some inconsistency to the EMS plidosvever this implies a clear goal for design
since the current product should be re-designeeduoce its LCE as a priority.

This approach is recommendable to have a lucid igadle short term for eco-design. As well,
it offers to the customer an updated overview & MCA matrix of this goal. The factgrcan
easily support the company’s awareness that thgraesan and will constantly reduce LCE in
future iterations.
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It is important to stress that, should the expemat of improvement on environmental
performance be in practice quite high, the altéveatoffered to the customer may show poor
results. This could affect importantly (negativelyy if this criterion obtained high weight.
Alternatively, the results could be even bettentttae goal set. In such case, performing better
than the expected has never been a problem, asaktige minimal UV required is satisfied,
and onlyRS(z,X)s to be readjusted to this lower value obtained.

c) Fixing LCEgoal(z) = 0 this case proposes null impact as a goal. Thgetas suitable
when the burdens are obvious and it results diffitu set some fitter target. It can also be
understood as some specific case of approach ajgarglich, it is suitable when talking about
long term perspectives. Nonetheless, we recomnfeadpproach for initial iterations or when
it is known that it will be extremely difficult toeach values below 0 in LCE.

This has been the approach considered in the tadg, @though since we produced lower
results we had to adopt a smaller LCE for the idp@ébn in MCA matrix.

Maximal constraints: limiting admissible environmental impact

There is a need to define a maxirh&@lE(z) namelyLCEmax(z) for two main reasons: firstly,
we must limit the LCE allowed for the next set afsijns, to progressively constraint the
admissible impact; secondly, in LCE method (in s@®pwe disclosed a need to define
LCEmax(z)to rate the environmental performance of the dbffié options. This is both to
inform customers and calculate UV. Here, with VERtthod, we can tackle and explain the
fixing of this value. In Figure 4 (page 38) it isosvn two possible cases that limit LCE in two
different ways. After, we can us€Emax(zandLCEgoal(z)also in step 6 of LCE method.

Positive quadrant: by our definition, no option can provide more tH#10% satisfaction. This
maximum is referred to d3Vmax®. This value will limit any possibleCE(z,i)to LCEmax(z)

given a knowrVERImin(z) as described in the formula below. This is gregdly described

by the intersection dfVmaxwith the bold line in Figure 4 on the left.

UVmax 100
VERIming, VERIming,

LCEmax ) =

Please, not&JVmaxhereis differentto UV(z,X) described in a previous section. Both score
100% althoughHJV(z,X)is a reference, in an iteration “z”, in MCA methtidht is considered
possible, and has a specific aggregated Wk8nax is a lineset to 100% to graphically confine
the upper value scores, and is represented in d-iguyy a dotted line. ThudV(z,x) is some
specific pointon that line that includes some ecological ddgaEgoal(z).

A restriction here means that highe€E(z,i) than LCEmax(z)are not justified because they
cannot yield higher values than the top 100%. feuntiore, mathematically, an alternative with
LCEmaxcould only reachdVmaxif and only if the weight given by the customer to the
environmentally friendly performance is 0 i.e. @owimental concerns of the customer are null
(please turn to Table 3 in page 26 for some nuakréderence).

18 Since UVmax is constant and set to 100% for alitbrations we do not include further nomenclature
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Negative quadrant: when the impact is beneficial for the environmémm a lifecycle
viewpoint, the values in LCE should be negativeer&fore, at some point a negative slope is
obtained. In such case, a minimal UV will definmaximum environmental impact as shown in
Figure 4. Higher values of LCE thadoCEmax can mathematically satisfy VERI, but the
maximum values allowed to comply with the indexlwi below som&Vminrequired to fulfil

in the design. Therefore, only lower LCE thB@Emaxcan produce results that can both
increase value over the minimum and reduce the dmsrdsatisfying the EMS aims. We

formulate this constraint by
UVmin

LCE ="
MA@ = YERIming,

In both cases (positive and negativeJ,Emaxcan be further restricted if the EMS, legislation
or competition define some limits on to the enviremtal burdens. This new restriction will be
applied if it provides smaller values lo€Emax(zthan the one we obtain graphically.

Minimal constraints: finding minimal value and references for design

The minimal constraint implies limitations in UV the sense that no alternative scoring below
UVmin(z)can be acceptable. This value can be pre-estaflisj the company as a goal but in
reality it is the customer who will discard the [paopriate options: they are the ones who
actually know that limit. Unless one is sure abitngt unsuitability in UV the design, it should
better be offered to the customer for evaluatibprdven to be lower, then it can be discarded.

By settingUVmin(z)the company gives hints to design of options #rehhances the quality of
the products offered by them. As mentioned befarg, alternative that provides value below
this minimum must be discarded of else, improvad. B/ knowing this limitation it is possible
to know the margin for adjusting parameters (dadein design

In advance, we can suppose that it may be morébéems see the point of that, customers, will
find it hard to have reduced their satisfaction syme new alternatives, despite possible
improvements in environmental impact — or econoimierests. Then, we find more advisable
to set this minimal value to the one that the d¢gion they chose yielded. Hence, we state that

UVmin(z) =UV(z—-1)

In Figure 4, this minimal constraint is drawn footlhh quadrants. In the case of the positive
quadrant it produces some valu8E(z)* in the intersection with VERI. The meaning of ttis
that, before this point, the options that fufiIERImMIn(z)do satisfy alreadVmin(z).After the
point, the design must comply wittERImin(z)JandUVmin(z)

On the negative quadrant, it was already explawi¢id the maximal constraints, thetvmin(z)
will limit the maximal environmental impact allowdsy a design. Th&CE(z)* generated in
this quadrant shows the LCE from which top valeeUVmaxis reachable. ThisCE(z)* must
be considered to set th€Egoal(z)

LCEgoal(z) < LCE(z)* -~ VERImin(z) <0
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VERI methodology: assessing boundaries for new designs.

According to all the constraints presented, to dgmyith a certainVERImin(z)the feasible
LCE(z,i)-UV(z,i) results will exist in thearea over the lineand between the max-min
boundariesrepresented by the shaded areas in Figure 6.résuét, we only offer the customer
options that will produce a VERI that, at least|l watisfy our EM objectives. The different
options are represented in such graph after aetadliation of the customer by MCA. They will
be acceptable if they are within the shaded ared, more as preferable as they are more
proximate to darker shade. Options located outlmse to here may be re-designed or adapted
to increase utility value and/or reduce environraemhpact and make them eligible. Those far
from the shaded area are to be discarded.

UV (%)

7 (07
VERI(z-1) O (*8)
4

VERImin(z)

SETUNO\ [T

VERImin(z)

X (ideal)
UVmax

VERI(z-1)

UVmin(z) | 1 : UVmin(z)
1 1
q i

1 1 1
Vv »LCE (mP) LCE (mP) « v v
LCEgoal(z) LCE(z)* LCEmax(z) LCEgoal(z) LCE(z)* LCEmax(z)

<__________ SR,

Figure 6. Assessment with VERI for cases in positive quadrarfleft) and negative quadrant (right). The shadec
area involves the allowed options to be presented & customer.

Starting from the positive quadrant, we can gragihjicrepresent the ideal evolution of the

method by the following figure (Figure 7). Thereidt represented that as a result of the
constraints, there is a need of switching from oatp-efficient results, in which value is

increased whereas the impact reduced, into a statulsich we also contribute positively to the

environment.

The entire assessment cycle by VERI method is suimaethand represented in a flowchart
below (Figure 8). Here we present step by steptbeedure of VERI assessment.

Eco-efficient

Eco-efficient Pro-active
n A

A
VERI(z)

 Iterations (Z)
»

Figure 7. Ideal evolution of results by utilising \ERI methodology.
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Step 0O: define initial statécalculate VERI(z = 0)) VERI assessment clearly requires some
initial status i.e. a situation= 0. This is related to some purchased product thabmess will
have already chosen, previous to the applicatiothefmethod. This first set can have been
assessed by other methods available (e.g. [32]) jA0past experiences (this is not much
relevant to our process though). That first cheidkedetermine our starting poirdERI(0)

UV(O)
LCE o)

VERI() =

For that we need to obtaisv(0) by our MCA matrix and by EI-99 we obtai€E(0) To depict
this preliminary step, we present a flowchart belowigure 8.

First we calculateLCE(0) from steps 1 to 5 in LCE methodology. Then, we a@egjoal
LCEgoal(0) with one of the three suggested approaches (ar cthitable proposed by the
company). We recommended to set this godl@&goal(0) = O(approach c)) to facilitate the
step. Otherwise a long term goal may be also deif@iption b)).

To find LCEmax(0)we have some possibilities. If there is set ofilsinproducts, we can make
an approximation and chose the highegsSE(0,i) of all of them proposed in this initial situation.
Then, we can fill in row “m” (environmental perfoamce) in the MCA matrix by step 6 of LCE
method. Another possibility is to ignore the weifit row “m” in MCA (i.e. set it to 0). This
will mean that we can calculaté/(0) andVERI(0)without any need to calculatsCEmax(0)in
such case. This latter will occur in our case stldy

The matrix is then handed over as a form to théoowsr to fill it in for the purchased product.
We obtainUV(0) from and withLCE(O)we calculate/ERI(0)

In this stage it is important to pay attentionkat weighting and ranking of the customer in the
MCA to find possible weak points or strengths ie tfurchased product to focus the initial
iteration and to increase UV. In turbCE(0O) will offer information about environmental
burdens on production, use and disposal phasdswthaan analyse to find hot spots. These
hints are to be connected by some other method (ess suggested, QFD or QFDE may be
convenient) to improve the pertinent technical atpe

LCEmax(0.i)

LCE(0.1) RS(Lm)
Tteration z=0 LCEQ.D) Eg?‘m; VERIZ=D)
. Jm
Designs 1.2.3,... LCEQ3) o
" ES(n,m)
LCE(0.n+1
Outl) RS(n+1m)

LCEgoal(0.1)

Selection of option §

Custemets” opinion J

L

Figure 8. General sketch for initial status for VERI method: generic depiction of Step 0

" The environmental concern in the olive oil manketto recent times was presumably null
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Step 1: set next index VERI(z+1)and a LCEgoal(z#he EMS of the company will set the
strategic goals in eco-efficiency. When using VER& translate them into improving the ratio
VERI(z) by some amount/(z+1) to reach a minimal goaVERImin(z+1)over which the
objectives in next iteration are reached. Then

VERImin(z+ 1) = a(z+ 1) - VERI(2)

This newVERI(z+1)will mean a new slope in a LCE-UV representatisnrathe example of
the one depicted in Figure 6. It sets the miningtgparameters that satisfy the new EMS
goals. Nevertheless, the constraints explainedeeatlo not permit all the values on the line. In
the next steps we start to constrain the system.

Besides, in this step we establlsBiEgoal(z) This is carried out taking into account a variety
considerations, and thus there are many ways bghwtliis parameter can be set. In the
correspondent first block of constraints explaimethe method we suggest three basic ways to
fix it. These are

a) Fixing LCEgoal(z) = LCEgoal(z-1)
b) Fixing LCEgoal(z) = (18)-LCE(z-1)
¢) Fixing LCEgoal(z) =0

Step 2: calculate UVmin(z+1)

This value has to do with the limitation in UV belavhich we suppose the customer will not
accept any new alternative. So as to make surghisdimitation leads to satisfaction, we again
recommend to séiVmin(z+1) = UV(z)

In addition to this step, it also has to be analyte values coming froinCE(z+1)* that will
give away some interesting information about howséb the aims in design, as has been
described in the method.

Step 3: calculate LCEmax in “z+1"We calculate the maxim&lCEmax(z+1) as suggested in
Figure 4 and Figure 6. Follows, it is the mathenatilescription

[ UVmax(z + 1) 100
LeEmax(z+ 1) = Gepr G+ D)~ VERIminGz + 1)~V ERI >0
UVmin(z + 1)
k LCEmax(z+1) = m ~VERI <O

This constraint alongside the information providedhe MCA matrix in previous iteration, are

to be handled by designers. NGE(z+1,i) over theLCEmax(z+1)is justifiable, and then they

should be discarded. We would like to recall tha¢ tonstraint can be even tougher if
competition, legislation or similar issues set moestrictive limitations. These are to be
considered instead in such case.

Step 4: gather customer’s opinion and evaluaiee designs that fulfil th& CEmax(z+1)
restrictions are submitted for customer evaluabgrnthe MCA matrix. It is important to pay
attention at the result since customers’ perceptiinbe the foundations for the next designs.
We obtain théJV(z+1,i) and represent it in the graph for analysis.

Only the options within the shaded area are comsitdeThose close to the limits may be
modified and re-evaluated by the customer. The ¢oedar out of the limits are discarded.
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Among the allowed options, the customer will selant alternativa whoseUV(z+1,i) and
LCE(z+1,i)will define the newERI(z+1)

We remind here thatERI(z+1)is equal to or greater thAfERImin(z+1) This is an index that
fulfils our minimal EMS objectives for iteration+1 whilst VERI(z+1) is theactual index for
the product selected by the customer.

The iterations end up here, with the customer'sciigln. For next iteration we loop back to step
1 in VERI method VERI(z+1)will be the new reference to calcula#&RImin(z+2) and so
forth. Figure 9 below represents the flowchart afgedures involved in VERI assessment,
starting from some generdERI(z) Step 0 should be added if it is the first iteati

\~L|V£R1(z—1)

Customers’
evination

VERI(z)

UWmin(z+1)

Initial set of

alternatives
LCE
evaluation

Customer’s
selection

VERI
alternatives step 4

Figure 9. Flowchart of VERI method, including sub-rrethods (i.e. MCA and LCE methods) for assessment of
future designs, in line with EMS goals.
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4. Case study: Olive oil material flow management.

The case study proposes the implementation of ppeoaches described our theories (i.e. FS
and IE) on a system of olive oil consumption inioegof Murcia, Spain. It is currently available
as a material product, and by applying these ismgxpect to help its industry in the region
and reduce the environmental impact associateditsittisposal. Alongside, we also expect to
help the regional government to reach some goaktince the impact from transportation
within the capital of the region.

The region is situated on the south-eastern cdaSpain, and its capital, city of Murcia, is
nearby the inner point. This capital will be theeof such development as the alternatives
presented aim to add value to the product in #gs,abut the environmental consequences will
involve the whole region. City of Murcia is currBnimaking use of raw olive oil for biodiesel
production to run a fleet of urban bu¥e3he regional authorities also have planned toeimse
the amount of recycled waste olive oil to increfts® amount of biodiesel available for the
region by 2010. There is a new biodiesel plant, edviby Saras Energy, that will produce
200ktonnes/year from a wide variety of inputs ansmge can include raw and used olive oil,
and will be operative by June 26890n the other hand, there is a need to augmenvaie of
this product by the producers because of marksbrea

To ease an overall complying goal, we offer tweraéative options to the actual situation for
olive oil industry in this region. In both of thewe enhance collection of waste oil as a means
to increase value and reduce the environmental dtmgdated to this product’s disposal. We
offer potentially eco-efficient solutions to theepent situation that include the use of FS and IE,
as described in the theoretical background. THectbe then is to providewin-win-win’
alternatives for producers, consumers and the emvient under the frame of eco-design.

4.1. Background of the case study

Olive oil has experienced an alarming decreas@emtain world markets during the last five
years. In Figure 10 it is represented the movdastures of olive oil in these markets (Spain and
Italy) from harvest 2005/2006. This has affecteghtoducers so much that some governmental
plans on subsidiary help are on the way. Accordmg¢he International Olive Council (I0C),
this tendency is expected, at least, to remainhfercoming years, owing, among other reasons,
to the rising consumption of other oils of chegperduction such as sunflower or soybean oils.

18 Available athttp://www.20minutos.es/noticia/387933/0/aceiteitiacio/autobus(as of January 14, 2009)
19 Available atwww.sarasenergia.co(as of March 4, 2009)
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EXTRA VIRGEN OLIVE OIL
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Figure 10. Price moves from harvest 2005/2006 to st 2008/2009 in the main oil markets (Spain anidaly).
The prices in red (Jaén) refer to prices in the Spash olive oil market. Extra virgin olive oil means arough
50% of the total production (source: International Olive Council, November 20089

Cooking oils, in general, can be good indicatorghefhabits, diets and economic situation of a
country. As shown in Figure 11 right below, in Sp#ieir consumption has remained stable in
the last decade despite the price drop. This disaction between price and demand has much
to do with diet habits, and olive oil is the basfsMediterranean diet, ruling in Spain. The
National Institute of Statistics in Spain (INE) eals that total native Spanish population is over
88.6% (i.e.11.4% foreigners) as of census of y@@82This indicates that Mediterranean diet
will still be the leading diet by far, and the usfeolive oil widely supported by, perhaps, that
percentage. This is the main explanation to thestemn trend for olive oil in the figures below.
However, these numbers cannot explain the dropi¢e prhen consumption has become stable.
Two are the interrelated factors that we can atguexplain the moves in market: increase of
immigration and globalisation, and increased nddthweing meals outside home.

Total average consumption of cooking oils per capita in Spain from 1987
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Figure 11. Evolution of average consumption of cookg oils in Spain between years 1987-2007. It inclad
both consumption at home and outside home (sourcgt4, p.22])

20 available at http://www.internationaloliveoil.orgéls/aa-ingles/corp/publications/aa-publications. sl of March
4, 2009)
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In the last ten years the immigration in Spain girew.6 millions — compared to 1.6 millions of
native Spanish population growth. That is 7.2 tinles amount of foreigners living in the
national territory in year 1998. Immigrants usudiigve quite different diets that will try to
maintain abroad. These, in a great deal of cas#sngiude other cooking oils (e.g. coconut oil
in Ecuadorian cuisine, or sunflower or vegetablérowestern and northern Europe countries).
It should be expected then that the increasing amad immigration would raise the
consumption per capita of these other oils. Needg#ts, that statement is not consistent with
Figure 11. The influence of immigration has noeaféd directly to consumption of cooking oil.
Instead, this immigration factor has taken witlntincrease in the economy in Spain that has
favoured an increment of the wellbeing. This haanbteanslated into higher availability of food
services, of which we can emphasise Chinese restisuand American fast-food chains. This
wellbeing often implies more time out of home antbsequent need of having meals in
restaurants. As a result, we obtain the followiigures in which we find an increase of the
amount of oil used by food suppliers of 70% in thst 20 years (Figure 12), raising the
consumption of all sorts of cooking oils by somé&®each (Figure 13). The consumption of
oils in food establishments is estimated at pretsebé around 30% of the total [49].

In contrast, this can be compared to a reductidghérsame period of some 40% in consumption
of oils at home, including 20% in olive oil and 6@%oothers, in Figure 14. Despite this drop is
lower than the increase aforementioned, at-homswuoption still remains by far as the main

source with a rough 70% [49], and the amount opeil capita remains thus stable.

Variation of consumption of cooking oils at and out of home in Spain from 1987
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Figure 12.Trends of consumption per capita (in %) otooking oils in Spainat home and outside home
(restaurants, fast-food chains, food industry, etg. Reference: consumption in 1987 (100%) (source44, p.23]).

Variation of consumption of cooking oils out of home in Spain from 1987
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Figure 13.Trends of consumption (in %) of cooking d$ in Spainoutside Spanish homes (restaurants, fast-food
chains, food industry, etc). Reference: consumptioim 1987 (100%) (source: [44, p.24])
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Variation of consumption of cooking oils at home in Spain from 1987
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Figure 14.Trends of consumption (in %) of cookingpils at Spanish home. Reference consumption in 1987
(100%) (source: [44, p.24])

In addition, a study carried out by INIA49] reveals that the influence of price when diwj
between olive or sunflower oil is slowing down ahas becoming more a fact of preference.
The share of olive oil at home is estimated toroeied 72%. This corroborates our assumptions
on massive support of olive oil when it is posstalehoose.

Hence, we can summarise some initial ideas:

* Olive oil consumption at home is defined by habitsbably supported by at least 88%
of the population of Spain and put into practicéwi2% of the share of oils consumed
at homes. This has been and is expected to beutiffo change.

» Olive oil consumers neglect price to a great extent

» Sunflower oil, its main competitor, is producedadbwer price of which food services
are taking an advantage. This hardens the marlaivefoil.

» The increasing amount of meals out of home redtlsmount of oil taken at home,
but keeps the total consumption stable.

Then we can identify two different markets: a valgamarket for oils outside home ruled by
price in which other cooking oils may have an adage [49]; a constant market inside Spanish
homes that is stable and ruled by quality or halits olive oil production has it difficult to
reduce its costs it is a challenge for it to corapeith other alternatives in price. The goal is
then to empower its market at homes by adding \aldlke product by some means that can, in
turn, carry acceptable increment in price for thstomer.

To pursue this goal, first we must attend to théepa of consumption of olive oil inside
Spanish homes and what sort of value added willnnsgane impact on consumers. We must
identify the target consumer towards whom addedevahould be created. Previously it was
shown by Figure 14, a stable and close-to-constand in oils use at home. Yet, if the type of
the consumer is considered, home market perspedtieome somewhat tricky. To be able to
identify the scope for improvement of the olive miarket in Spanish homes, it is necessary to
obtain information about potential consumers amir ttonsumption routines. Some of them are
less prone to eat out for a variety of factors arimportant focus of our value creation.

21 National Institute of Research on Agricultural &wmbd Technology in Spain.
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To start with, adistribution of Spanish population that involves status and is shown in
Figure 15.It can be seen that ova half o the population are retired people or Iin families
with little and midage childrenThis implies that those who make decisions aboaittype of
oil to be used at home are most probably over 3bsyad. On the other side, the smallest sk
correspods to single inhabited hom small and youndamilies with a wide range of age
These facts will be crucidbr the analysi:

Situational distribution of population (%), Spain 2007
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Figure 15. Distribution of the population of Spain by their status and type of homén 2007 (source: 46, p.8]).

Their type of homesituation will condition thir lifestyle which in turn derives int
consumption patterns. According to the Spanish $tlipi of Agriculture, Fishing nd Food
(MAPA), about an 80% of the meals out of home come frooples and families betweer
ard 4 members for different reas. In the following graph (Figure )6we can se the habits
on consumptiomf meals out of hon registered during year 2007 in Spain.

Profiles of consumers of meals in restaurants, taverns and bars Spain
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Figure 16. Statistcs of visits to restaurants and bar/taverns for dining in Spain, 20072008 (source: 45])
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The graph is measured in teriof visits to establishments for eatingavhere, for example,
coffee break can be counted as visit as - and not per cookingil consume. Anyhow, the
results are rather illustrative and effortle correspond to the actusituation we can see d
by day in Spanish societyh€& rapid rhythm of lifestyle, principallyin big cities, provokes that
many membersf families hav to work to sustain the income at homes. Explains a part of
the tendencies in thegwevious grapt. For example, the avage medium salaries itwo-
parental families in Spaifiorces botrparents, with agecomprehended between 35 to- i.e.
involving mid and little age childre- to work usually far from home. Thig) a great deal of
cases, results in eating dotdaily basis through the weekhe study of MAPA also conclud
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that couples without children eat out of home fom &nd commodity as the economic burdens
are not as high, whereas those couples (with atitbuti children) in a stabilised position over
55 do it also for social reasons. Then, pleasadgéts and forced needs seem to draw most of
the picture of meals out of home.

At this point, we mention that in average, in spiiethese graphs, the average Spanish
consumer only visits restaurant 2.5 times per maoautidl a 60% of the times are to traditional
restaurants [48, p.8]. We can compare this withufgdL5 to find that perhaps basically young
people (lesser proportion) would visit fast-foodaicts more often and older (which higher
economic resources) prefers to pay more for quatitya traditional restaurant. When high
quality is wanted deep-frying is not a regular teghe. These types of restaurants still may
make some use of other oils but we can assumertbdérn food chains and low quality bar-
taverns support most of it. Should it be thuss itoigical that the increase of the number of fast
food restaurants incites food services to tendatgerthe usage of other oils (refer to Figure 12
and Figure 13 on page 49). In parallel, this agaipports some previous assumptions: even
though the consumers cannot decide upon the sani outside, they still prefer a restaurant
where the probability to have olive oil is higheving to the type of meals they offer.

Associating cooking oil consumption patterns witle habits of consumption of meals at and
outside home we can produce a figure on cookingasisumption as the following Figure 17. It
is worth to explain that this graph distinguishesl data foiirgin Olive Oil (middle bars in the
figure), which is a variety of olive oil widely aepted in the market and increasing in use, from
other types. Unfortunately there are no statisiicduding the rest of the varieties, and we
include in the figure an estimate (left bars in filgeire) based on this real data to reflect atltota
consumption. Considering all types of olive oil #afale, Extra Virgin Olive Oil(with the best
properties) is the predominant with a share in petidn and consumption of 59% in 1999 and
5197 in 2006 (IOC, 2008). Virgin type is the secondpioduction, with a share of 20% and
34% for the same years respectively but its quaigomewhat lower. The remaining shares are
minor fractions of olive oil of different properieand qualities. Even though varieties may be
mixed in commercial brand to offer a range or paiguwe will neglect this fact. A rough but
fair approximation is to distribute equally the kxted proportions by dividing real results for
virgin oil by 0.38 (linear extrapolation of its mhaction for 2008). Moreover a 1% of the
population can actually distinguish well among eliéint types [49]; therefore the use of virgin
or extra virgin should be equally distributed amotie types of homes as they will
indistinctively choose one or another type as laaghey like it. The calculated average olive
oil consumption is thus 10.1l/capita/year, whiclésy proximate to the value given by MARM
of an average 9.6 |/capita/year for year 2008 p4B3]. In Figure 17 the distribution of cooking
oils consumption is represented among the diffehembes categories. Figure 18 depicts the
contribution per capita to the average oil consuomptonsidering the distribution of population
(Figure 15) and their rate of consumption.

22 Percentages presented in wt/wt or vol/vol. Densitylive oil ranges is rather constant for all thiserent
fractions, and has an average 0,91kg/l. This caalmn into account for weight-volume conversions.
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Distribution of consumption of cooking oils per capita and social sector
(L/capita), Spain 2007
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Figure 17. Distribution of consumption of main cooking oils,according to a social distribution based on home
structures in Spain, 200-2008 (source: [46, p.35])

Contribution per home structure to average cooking oils
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Figure 18. Contribution to average consumptiol of main cooking oils, by status andiomes structures in Spair
(source: [46, p.8, p.35], Hlues for “Total Olive Oil” have been estimated withdata provided by I0C (2008)

Olive oil is a synonym of quality for Spanish consumdtisaagt it is surprisirg that only one
out of a hundred have deep knowledge of the vamjerafvarietiesavailable in the mark.
Probably enhancing knowledge could enable to inerdlas share of consiption of olive oil ai
home, pehaps also by foreign cultures, and help to in@easue Then, o recapitulate, it
seems to be clear that:

* Traditions and quality on diets are still preseainty in adults over & The market for
their associated typaf home is highly developed already.

* When given the alternati\ olive oil will have priority over sunflower oil (and oth
oils) at home wittshare 070% of consumption.

* Busy lifestyles often lead tcat out during work period®r convenience « comfort.

» Tight budges for youn(families (i.e. below 35) constrainetin amount of meals ¢ and
will tend to eat at home as much as fble.

» Fast food is a good solution for -parent familes and independent youngsters. T
do not casider much the quality ftors.

* Not enough information , in current times, availabl® seduce potenti consumers
and increase its use.
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Previously, we set the scope to increase valuéiv@ oil aiming home consumption as the main
market. Now we can additionally state that committrend loyalty of consumers (mainly over
35) to olive oilwhen it is availableand tight budgets and lack of time in youngerifias) are

to be exploited. Besides, we showdse the acced® olive oil andpromote its usemostly
among busier families. Our target for value addithould be based, then, on a combination of
eased availability of a broad range of olive oiklifies to customise the product to the needs
alongside information to increase knowledge andnote its consumption among indifferent
consumers.

4.2. Scope definition: a year of olive oil consumption at homes in city of
Murcia

The geographical boundaries of the case study etréensregion of Murcia that, a province
located on the south-eastern coast of Spain (ses mdigure 19). Its population is 1,443,383
inhabitants (INE, January 2009) and we can iderttifge main cities accounting a half of the
population: city of Murcia (capital of province) thi 430,571 inhabitants, Cartagena with
210,376 inhabitants and Lorca with 90,924. The magtivity in the region is agriculture
although there is also an important harbour aneffiaary, both in Cartagena. The area of the
province is 1.13MHa, whereas the land utiliseddgriculture is 0.56MH# (49%). Of those,
21,675 Ha (3.9%) are aimed at olive crops farming 20,489 Ha of them (94.5% of the olive
crops) are for olive oil production. This is not chucompared to other regions in Spain due to
humid climatology. Most of the crops are locatedhms western limits of the region.
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Figure 19. Location of region of Murcia in Spain (Iét) and its capital, city of Murcia, and the other main cities
Cartagena and Lorca (right) (source: Google Maps, Mach 13, 2009)

We already referred to city of Murcia as our foafsconsumption for regional plans on

recycling of waste olive oil to produce biodieset fransportation in the metropolitan area. As
shown in the map, it is located on the middle e&she region, opposite to the olive crops, and
iIs connected to Cartagena by the highway A-30, e/laenew biodiesel plant owned by Saras

2 This region is popularly called “the farm of Sgiaémd supplies groceries at national and internafitevels.
24 Data on agriculture provided by INE and SIGO (©8eographical Information System) for year 2007
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Energy is located. The connection from the capdathe crops is around 70km of secondary
and tertiary roads through the agricultural fields.

The consumption pattern in city of Murcia, reprdednin Figure 20, is no different to the
national average: the numbers found are aboutaime ghowever we also show the large scale
picture to ease the description). The main circancst that defers from the national situation is
that region of Murcia is mainly a rural region, which their lifestyle is rather simpler as
compared to bigger ones such as Madrid, Barceloi@ewaille. This implies that having a meal
at home will happen more regularly than in busiesitHowever, in accordance with MARM
([45], [46]) Murcia is an average region in termk roarket. Living expenses are as well
considerably lower but consumption costs (i.e. &ggpn) are rather close to the average ones
for Spain.
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Figure 20. (left) Annual consumption per inhabitantof main food categories in regions of Spain
(kg/person-year); (right) annual total food consumpion (Kg/person-year) and food expenditures
(€/person-year) per inhabitant in regions of SpainData: year 2007 (source: [46])

Regarding olive oil consumption in the region, wancsee in the figure above a value of
7.9l/person for year 2007. Data estimated by IN48][for 2010 sets consumption of olive oil at
home about 78% of the its total, that we can usedtrulations in current year 2009. With this,
we can assume that the average consumption of @iliae home in region of Murcia is of some
6.2 |/person/year. Considering 430,571 inhabitantghe metropolitan area (INE, January
2008), the amount of oil for home consumption ity @f Murcia is 2.7million l/year The
annual consumption at homes in city of Murcia ig dunctional unit for FS and LCE
calculations.

The total consumption in region of Murcia is 8.9llimn litres/year; therefore we are
considering a 30% of the total annual consumptibmti{er information about olive oil
production and consumption is available in Appendtjx The total production for year
2006/2007 in the region was 5.09 million litre (4,631 million tonnes by IOC and MARR)!
which could satisfy the demand of 2.7 million lgfgear required. We suppose that the entire
production in the region will be to satisfy theatdal demand. We also assume that Murcian
production will cover the needs of their capitaidaonly 2.4million litres/year produced in the
region would be available for the rest of its mipadities and still some 3.8 million litres/year

25 Available at
http://intereweb.mapa.es/pwAgenciaAO/InfMercadosiscaao?dato_de=PRODUCCION&opcion_seleccionada=41
20&control_acceso=S&idioma=ESRist access on March11, 2009)
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would be required from external supply. The lanedichted to olive farming are mostly located
in the western side of the land with olives far@her close amongst them. This barely means a
2% of the total land (source: SIG, 26f9and it could be easily managed by a single compa

In line with all this, we will consider an option which a company (may be as well the regional
government) owns the entire production in the negand is responsible for the success in its
regional market with emphasis in city of Murcia.r fais, not only will the company carry out
the entire production process but also will undertaat least, delivery for commercialisation,
marketing, etc. Although this is not the real situa, it is still a feasible possibility that ougtat

be considered in a future. This basic option wallforther expanded to include FS and IE. The
characteristics of each alternative will be desiim next sections.

4.3. Method, limitations and assumptions

There will be three options presented and compaittdVERI analysis:

» Option A. Current situatiarolive oil is sold as a material product in citiyMurcia and
the disposal of waste oil is a mixture of collentat “green sites” and disposal through
the kitchen sink. The collected is taken for bisdigoroduction.

» Option B. Supply and collection servidhe product involves material olive oil and a
service of at-home delivery /collection of raw amdste oil respectively. This is taken
for biodiesel production.

* Option C. Option B plus further use of waste streafmtom biodiesel production it is
possible to gather glycerine, suitable feedingsiogas production, and to recycle some
solid sludge (from biogas production) for fertifigi

Option A will help define then our initial data favhich we calculate/ERI(0) We define
VERI(1) as an increment of a 15% WERI(0) - i.e. « = 1.15. Also LCEgoal(1) = Ofor not
having other references. These coefficients hawn lihosen for convenience. To calculate
VERI(0)we neglect the environmental criterion in optédrior MCA. In the actual option A,
this criterion is considered and evaluated by comss. Options A, B and C will have to
comply with the constraints of the system. Wittsttihere will be an appraisal of value, LCE
and eco-efficiency as required by VERI and the ipdssonsequences of the alternatives will
be described in detail. As a result, the bestradtere will arise.

The case study assumes that the producer ownditkeod company brand, and as such they
can have clear access to customer market. By thimaan that the company is utterly capable
to make final decisions on (environmental) managenstrategies to increase value and/or
reduce LCE. We do not take into account the conggagkploiting the crops in current times.

The information for value in MCA matrix is gatherbg integration of criteria, weight and
opinion of 9 regular consumers (4 of them from @fyMurcia) with regard to the three given
alternatives. The data was obtained by direct obntath them in continuous bidirectional
information, to make viewpoints for each side clddre results for each consumer will be given
the same relevance and weighted equally to prodompie matrixes for any option, yielding

% Available athttp://www.mapa.es/es/sig/pags/sig/intro2.lflast access on March 2, 2009)

Page | 56



some globalised results. We also carried out aomest differentiation analysis (see Appendix
Il and Appendix IV) but no relevant differences tine global results were found, and the
average values are thus considered. The produlttaged is olive oil in general (i.e. involving
any variety) and the opinions reflected do notrrédeany specific brand. Thus the results are to
show the perception of the customer of the matketfiand any type of olive oil.

With regard to LCE, we give notice here that, owiagime constraints in the development of
the thesis, no reliable values of EI-99 were foand, alternatively, we decided to use GWP
instead. This will be accompanied by a qualitativelysis of the alternatives to try to depict al
possible impacts. However, we still believe the trsstable indicator would be EI-99. We
claim once again that the goal by using VERI istodbe accurate, but to make comparisons of
alternatives clear.

To ease comparison, the lifecycles do not involiweeail production or cooking stages since
they will not be changed in any alternative — fantlier information in this regard please refer to
El-99 in the literature [36]. This can be likewigpplicable to GWRB, Only the use and
disposal phases will be described.

The material streams utilised will include realadfiom 2006, 2007 and 2008, period during
which the situation has not experienced relevaanhghs. The geographical scope involves the
entire region of Murcia and the impact will be désed, thus, at a regional level. It is important
to mention that as the region is devoted to aducelthe environmental impact can cause
severe damages; a more thorough analysis beforingnéikal decisions about alternatives to
develop their olive oil industry must be performamatce the chosen alternative presents clear
benefits (recall that the time available has notjited a more detailed analysis in this aspect).

It will be assumed that, since production and comdion patterns have not changed
importantly in the last decade, the demand will amequal for the coming years. The
consumption is the average consumption in the regiovas not possible to find accurate data
about the amount of olive oil disposed of. Parthef oil used for frying will remain in the food
and some share is used as an ingredient (e.gssatadts, traditional cooking...) and it is not
possible to assume equal inlets and outlets. Sirceises given to olive oil vary a great deal, it
is a challenge to evaluate the amounts disposebyadhe users and, on the verge of the
impossible, to know the final fate. Consistent witle information obtained from the surveys,
we suppose that 2/3 of the oil are disposed of.

The olive oil mill has been ideally located at aerage distance from the crops. This point was
set for convenience in Caravaca de la Cruz (CdiG)jlage in the western side of the region
and from which local road C-415 is available. Tleéwry/collection central is pointed right in
the city centre of city of Murcia. We assume thistfsince its population, markets and distances
are relatively uniform, circularly distributed armdi it, and thus the average point would be
approximately in the geometric origin of the citcle

The biodiesel plant and the biogas plant in opibare located in the same industrial area to
develop IS. Since a piping system could be suitatvEnsportation among them will be

neglected. Diesel for transportation will contad¥2 biodiesel (currently established by law and
available in gas stations) or 100% biodiesel (wdtiengoal in the region) depending on the case.
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Option A. Current Situation: olive oil as a material product available at markets

In this option,a global amount of oil is to be delived to markets to whictestaurants, bars a
householders go to purch. Then an amount of oil that does not have to dih ‘at-home
consumption wilhave to be ansported alongside. We can presume thabae consumption
is about 70% and theB0% extra weight will be additionally transportetiherefore the
departing load will be 86million litres/yeal

A production of 3.86 ritlion litres of olive oil is equiveent to 3,510 tonnesf oil. Regularly, a
tanker lorry can carry up téonne/trip. It is required around 13&utward tripsfrom Caravaca
de la Cruz to the capitalith full load and 135 return tripempty. Each trip isstimated in
80km. The total annualistanceis 21,600 km, half of which (10,808m) will have the tanki
full and the other half emptyhe fuel utilised is diesel with 20% biodies&ltanker lorry by a
local road will alsaaffect thetraffic although this will be more or less equathe three options
and should not affect emisgs importantly. Thus, we neglect this factor.
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Figure 21 Flowchart considered for Option A. Parallel flowssuch as support processes or additional materia
or energies have not been considered.

Once it arrives to the cential the city, the olive o would be distributetb markets by deliver
vans. These are usuallglapted to carry between £-749kg for beingthe most popular i

region of Murcid’ (53% among delivery var, with an emptyweight of some ,500kg/van. To
calculate their environmental impact we will ushe average weight carried by the \.

Departing with a load of 700kg/v they will transport in average 500kgr of olive oil and
Okg/van in a return trip. d distribute :,510 tonnes in markets it is required at | 5,014 loads.
Each trip departs from thety centre to theimits of the metropolitan area. The area of thg

is around 882knAthat yields radio of 18kmwhich each van must cover twice per journey:

to delivery and one to returA fleet of 27 vans would be able to satisfy the demand worki
days a week 52 weeks a yt The total annual distance covered by s/éreurn trip) will be

252,720kmfor which they will us diesel with 20% biodieseHere the competences of 1
company in this alternativend and are pzed over to the local governmeontmanag waste.

2 DGT, Statistics on car fleet per province, 2007aifable at:
http://www.dgt.es/portal/es/sequridad_vial/estacigparque_vehiculos/furgonetas por_provincia_ygas (last
access March 16, 2009)
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Since olive oil is sold in bottles of, usually, 1litbes it is not a regular item to be purchased in
daily basis but rather monthly or bimonthly. Cusemaaimost of times acquire it along with
some amount of other items and seldom it is thé gfoine visit to the shop. Also, according to
INE (2007), 97% of homes in region of Murcia haweproblems to access food markets, and
that is expected to be even higher in the city.nlive can also assume that the contribution to
the environmental damage by using the car to psecbéve oil, in addition to a scarce number
of inhabitants that uses the car for shopping shoat affect our calculations.

As it was discussed, the consumption of oil is exqtected to change or increase. The usage
(cooking) can be presupposed to remain equal @etpt alternatives presented on this thesis.
The energy flows of the cooking process and theaohpf other additional ingredients or foods
will be the same and this stage left aside.

Unfortunately it has been no possible to find stats on disposal routines and its specific
damages, although some data have been considefeérdrm the surveyed consumers and the
writer's personal experience. We assumed that 20b@ litres of olive oil become a waste.
Smaller amounts are used as ingredients in traditioooking and fresh cooking (e.g. salads,
“gazpachos”, regional dishes, etc.) compared tsdtor deep-frying; when frying a fine layer
also remains in the food. In general, it has beeticed that a combination of lack of
information, resources and citizens’ carelessnasges them dispose of olive oil through the
sink. This causes problems in the waste waterneait plants (WWTP). It is also true that at
present recycling is not eased to the extent giatential. In the first half of 2008, the citizens
of Murcia deposited over 6,000 litres of waste(nibstly olive oilf® which extrapolated would
mean some 11tonnes/year of waste olive oil. Thal tmhount of waste oil (i.e. recycled plus
disposed of), considering our approximation of 2haste per 3l utilised, would sum around
1,633tonnes/year, and the current recycling rateaa 0.7%. Even if the estimation on waste
consumption was not quite precise and the amourgayfcling would be higher — recycling is
gaining concern among inhabitants in the regidre-ghare of recycling is outrageous compared
to disposal by kitchen sink. However, this recyglia currently enough to move some buses of
the line Rayo 13 in the inner city, once it is certed into biodiesel. Then the environmental
impact of the disposal phase will is addressed @oovery of 1ltonnes/year against
1,633tonnes/year of waste oil treated by the mpaldVWTP.

The green pointdor waste oil recycling are distributed per amoahtnhabitants in the urban
area. These can be located in supermarkets, schmolshe street, etc. The collection of
11tonnes/year of waste oil can be easily carriedfounightly by a delivery van on a trip
around the city. Each collection carries to thedl@sel plant 0.42tonnes/trip. The average load,
to calculateLCE(A), taking into account empty departure from the @nts 0.32tonnes/trip.
The van needs to cover a distance estimated inmi,liBicluding collection and transportation to
the plant. The connexion to this plant has distaricsknt® where 93% of the connection is via
highway A-30, and the remaining 7% by inner roadrdbver, the van will deliver the waste oll
and take the equivalent biodiesel (i.e. llitre ioidiesel per 1litre of waste oil, detailed latey) t
the bus central in the city centre in the retulip. tThe total distance covered by vans is
5,798km/year.

28 Available athttp://www.20minutos.es/noticia/387933/0/aceitetiacio/autobus(last access March 16/ 2009)
2 Google Earth V.5.0, March 2009.
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The bus central, to which the biodiesel is delideiie located in the city centre. The bus line
Rayo 13 covers the route 11,700times/year (estapatith a distance of 7km/rodfeand the
annual distance then 81,900km. The average congamta bus run with diesel inside a city
is in average 4.5knifl Consequently the amount of fuel required to rhat tline is
18,300litres/year, 66% higher than the estimategaled amount for year 2008. Equivalently, it
can only contribute to a third of the total distanof the annual route. Hence the current
biodiesel production in this option A will feed assto run 27,300km with 100% biodiesel. The
remaining route will utilise diesel with 20% bioded.

Additionally, biodiesel production yields glycertdaditionally referred to as glycerine, as main

subproduct. Although the study of biodiesel proiurctis not the aim of this thesis we can

mention that, in summary, it occurs by ways of $esterification process. In this, an ester and
an alcohol yield some different esters and alcqhalth the kinetic help of a catalyser. The

basic reaction is presented in Figure 22.

O O
[ I

CH;-0-C-Ry CH;-O0-C-R;
(0] (o] CH;- OH
I I

CH-0-C-R; + 3CH;OH — CH;-O0-C-R; + CH-OH

(Catalyst) |

(0] (o] CH;- OH
I I

CH;-O-C-Rj CH;-0-C-Ry

triglycende methanol mixture of fatty esters glycerol

Figure 22. Basic scheme of transesterification retion (source: [50, p.5])

The reaction and products will depend on the sbaubstituteR - among other parameters —
that will be related to the fatty acids containedhie vegetable oil processed. Some of them are
more suitable for the reaction. A list of values dovariety of oils is presented in the following
table (Table 4)

Table 4. Typical contents of fatty acids (% wt) of diferent oils and fats (source: [51, p.49])

Virgin

Fatty acid Palm oil Butter Margarine olive oil Canolaoil  Sunflower ol Corn oil Soybean oil  Fish oil
14:0 1.5 8.77 - - - - - 0.1 T
16:0 45.1 11.24 7.83 8.7 5.4 .35 126 10.6 28.7
16:1n-7 - 1.64 0 1.1 0.3 0.2 0.2 0.1 13.6
18:0 48 10.44 581 1.9 1.6 45 1.9 38 4.1
181n-9 36.8 30.7* 44 59" 787 56.3 321 241 23 12.6
18:2n-6 10.2 19.67 305 8.3 25 55.92 60.1 52.4 1.7
18:3n-3 0.5 1.82 3.29 0.9 8.4 0.1 1 8.9 -
20:5m-3 - - - 0.03 - 0.03 - - 13.8
22:8n-3 - - - 0.058 - 0.12 - - 6.8
Total saturated 51.8 45.9 18 10.9 8.2 129 14.6 15.6 41.8
Total moncunsaturated 37 29 282 79.8 58.4 323 243 231 27.2
Total polyunsaturated 10.7 25.5 338 9.3 33.4 548 61.1 61.3 a1

“Of which 2.84 are trans. ** Of which 15.64 are trans.

We can see in this table that around 90% of theedil’s fatty contents - for virgin olive oil —
is oleic acid (i.e. number of carbons equal to &8 mainly mono-unsaturated. This share is
expected to be higher in extra virgin oil. Thes@sdn particular are more prone to reduce
efficiency in conversion owing to some undesiratdpeting reactions [50, p.9-10]. However,

30 Municipal Public Transportation Enterprise of Miarc2009. (available at http://www.latbus.com/)
3 http://www.env.go.jp/policy/assess/7-2guideline/AtEb/g-pdf/g-s-4.pdf
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due to the evolution of control techniques and potidn processes the efficiency of the
reaction can be taken over 99.5% (e.g. [52], [53Pen we estimate that the following
simplified reaction and its quantité®ccur at some standard conditions of operation ]

Vegetable oil n Methanol NaOH Methyl oleate (biodiesel) N Glycerine | Methanol (excess)

100L 24.65L 103.3L 7.42L 12.33L

We can see that, roughly, a tonne of waste oilpcaduce as much as a tonne of biodiesel. Then
the biodiesel produced in option A is around 1lewmipear. This weight has already been
included in the transportation for the delivery varcollection and delivery. The production of
glycerine is 1.13tonnes/year that will substitudene raw material in the industry when recycled
or to fossil fuel in combustion. However, as inist part of the olive oil product as of now (it
will in option C), the environmental impact of theage is not considered.

Option B. Easing supply and collection: olive oil as a functional product

In this option the company will tackle one of timtmarkets: at-homes consumption. Although
delivery to markets will still occur, it will noté part of our functional product, and the
consequences are not related to these alternatesnust recall that in the previous option we
have not considered either the impact from restdsraand bars for similar reasons.
Consumption at homes means 2.7million litres/yranity of Murcia and the total production in
the region is 5.09million litres/year; the remanpicould be sold to regular markets or to other
cities (e.g. Cartagena and Lorca). By splitting meerket in our two main streams (i.e. at-home
and food services) we differentiate from the prasiooption in which LCE for home
consumption was inevitably affected by carryingitiddal weight of oil in transportation and
delivery. The transportation from production to tentral occurs exactly as it happened in
option A, although the system needs to do onlyi®®g the distance of 80km in a year with a
load of 26tonnes/tanker (compared to 135 trips ftion A) to supply 2,450tonnes/year
(2,7Ml/year) of olive oil. Annually, this means #&thnce of 7,600km full load and 7,600km
empty load. A sketch is shown in following Figui& 2
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Figure 23. Flowchart considered for Option B. Pardkl flows such as support processes or additionalaterials
or energies have not been considered.

%2 The following densities (kg/L) are applied: Trialei (vegetable oil): 0.8988; Methanol: 0.7914; Méthieate
(biodiesel): 0.8739; Glycerine: 1.2613 (source: ¢taook of Chemistry and Physics, 51st Edition, CRC018371)
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Another difference is that the central of the olvié company in the centre of the city will
gather both raw olive oil for delivery to homes andste oil for biodiesel production. This
means that it will be a distribution and collecticentral. From there a fleet of 13 trucks with a
capacity of 8,000tonnes/truck will work doing a Btufunction: delivering olive oil at homes
whereas collecting their waste olive oil. For tredch truck would depart fortnightly from the
central to the outskirts covering a total of 36leturn trip journey. In total, the distance covered
by the trucks is 11,232km and use 20% biodiesefuat The average weight carried at
departure will be 8,000kg/load while the collectioitl be 2/3 of the delivery at homes meaning
a collection of 5,333kg/truck. Then the mean lcaf,#00kdrip to calculate LCE.

By this, and according to the information receideding the survey, we assume that if someone
is coming to their home to collect the waste dilsino effort to pour it in a container and wait
for its collection - some incentives can be incllide the deal to raise motivation, although we
will not argue the marketing strategies concerriign this thesis. Hence we avoid disposal by
the sink reducing it to negligible amounts thatl wikan no impact to the WWTP. Therefore it
is expected to increase recycling to the maximunthiis/ approach. The total amount collected
of olive oil is here 1,645tonnes/year only of olmé Compared to the 11tonnes/year estimated
for collection during year 2008 means we increas835% the rate. This collection will be left
at the delivery/distribution central in the cityntes.

The waste oil is taken by truck from the centrahe biodiesel plant in Cartagena. The volumes
gathered require the use of a tanker lorry withdiharacteristics of the one used for fresh olive
oil delivery. Loading 26tonnes/trip, it is neededdover the distance 64 times per year; this
means a total annual distance of 3,520km in outwaaste oil delivery trip and 3,520km return
trip with equivalent biodiesel. As we saw in optidnvolumetrically and in weight the amount
of biodiesel produced is about the same as the iopail. This means that transformation of
1,645tonnes/year of waste oil approximately yieB45tonnes/year (1,88Gfyear) of biodiesel.

The tanker lorry leaves all our biodiesel produaethe bus central. This is an important point.
We allocate the entire amount of biodiesel to the tentral, but as of now we only know that
the short-term plans and our motivation are totherbus line Rayo 13. Then, the utilisation
other than to run this bus line cannot be consilesepart of the deal, and it is then excluded.
The line Rayo 13 consumes 18,300litres/year of ellide cover the tour. Supplying
1,880nd/year of biodiesel we could increase this rateuto ever 100 similar lines (compare to
the third of a single annual route covered by ap#o In line with the available information
from the municipal transportation syst&nfLatbus, 2009) there are only 12 urban lines with
similar characteristics, therefore perhaps it cdadgossible not only to run all the buses within
the metropolis but also to have sufficient bioftel run the long-distance regional buses.
However, as we mentioned before, we only refetsase for Rayo 13. The remaining amount
Is thus part of a different system and should besugh, considered differently from ours.

Supported on the amount of biodiesel, 171tonneskykglycerine are yielded. In this case (as
in option A) we do not make use of such streampitkests many different possibilities. The
impact of its production is already included withiriodiesel production process and no
additional impact can be addressed as, again,ribtipart of our product. Its utilisation and
impacts as a sub-product will be included in optin

% http://www.latbus.com/linyhora_directo.afpst access March 18, 2009)
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Option C. Option B plus recycling of waste oil: closing the loops and returning to soil

Although options A and B make use of recycling, athis one of the maxims of IE, it is
through this option where we tackle this practicarénin depth. Basically the flowchart is the
same as in option B yet we introduce some extigestat disposal phase aiming at making the
global chain “greener”. Here we introduce the topfclS and eco-effectiveness where the
former will help to transform the glycerine outmitbiodiesel produced into an input for biogas
production and the latter to take back an amourmtieé oil to soil in the form of fertiliser for
olives crops. Hence, the layout and the managewfetite flows up to biodiesel production
remains equal, and the flows up to there are s@gpts be the same. The flowchart of this
option is shown in Figure 24, and can be compaiigdtive one for option B in Figure 23.

=

Biodiese]l Plant Biogas Plant

~
I B

Figure 24. Flowchart considered for Option C. Parallel flowssuch as support processes or additional materie
or energies have not been considered.

Busch et al. [54] describe several biogas prodngtimcesses considering different systems and
inputs. There, they describe how an input of glymefrom biodiesel production mixed with
water in 50- 85% wt can yield up to 54i,/tonne glycerine that will be concentrated in 65-
72% vol. Although we are ignorant of whether thisthod is being actually applied in existing
biogas plants, we can still state that it is podigt possible to produce 171tonnes/year of
glycerine output stream and produce 128,2%@gear of biogas in concentration of 72%.
However, this material stream in isolation canriand the idea of building a biogas plant for its
treatment. The biogas plant would treat other tygfemputs, from farm waste and manure to
the sludge produced at the local WWTP, to be mixid the glycerine stream and the outputs
will vary. Anyway, apart from purity and possiblatputs, the production of pure methane from
our stream can be estimated in 92,3#@ear and there will be some amount of solid resjdu
whose properties make it suitable for agricultyaposes.

The biogas could be either combusted for energgymtion, replacing some fossil fuel or else
upgraded for use in transportation (over 97% plurithe former seems to be the most suitable
solution in current times owing to technical fastofhe energy from combustion of some
portion could be used also in previous stages r@duction, use or disposal) to improve the

Page | 63



performance. If used for transportation, a normddic meter of upgraded biogas can provide
the same energy as a litre of gasoline. Whicheweuse is, the collection of olive oil waste by
means of functional sales could potentially substiabout 1,880fyear of fossil diesel plus
132.22nlyear of gasoline (assuming 97% purity in biogas)] environmental consequences
are most positive. Again, this is mere speculasimece we do not include such uses in the case
study. Our product does not involve energy productand the impact of the use of biogas is
left for a different case.

On the other hand, there is a “residual” sludgeskemt for agriculture. This is being used by
farmers in Linkdping that, this way, increase vahfigheir raw material (waste from slaughter
houses and manure) by having in return biofertilise their crops. Although some complaints
have arise from the stench of this sludge at hagdthe fact is that it is most suitable for the
land when it is proven not to have other compouwsutsh as cadmium or heavy metals in its
composition. The amount of fertiliser required live crops is 186kg/ha/year [55, p.150]. For
our crops of 22,691ha this means an input of feetil of 4,220tonnes/yearReal plants from
Swedish Biogas AB show differences in production of biofertiliserpgading on the inlet
substrate. Considering that perhaps the best ofgtitmnprocess agriculture-based raw materials,
and taking into consideration the plan existingirebro, Sweden, processing similar input, the
production of biofertiliser is 57%wt/wt. An analagyplant in Cartagena should treat at least
7,400tonnes/year of agricultural waste. In thearegonly in vegetable waste it is gathered over
115,000tonnes/year (INE, 2068)followed by 110.400tonnes/year from manure arfterot
animal waste. Therefore, the possibility of prodgcbiofertiliser to satisfy our production is in
principle utterly feasible.

As the material is returned to soil in ecologicahditions and helps the system to regenerate,
the concept of eco-effectiveness is implementeds Whll be more accurate if the biofuels
produced are also used at every stage requiringyemeut such as transportation. The main
issue in along this eco-efficient chain is the nggmaent of the flows. These are to be dealt with
by the responsible heads in each stage which riessstamply with their goals and satisfy their
own stakeholders. For example, we could even ingtbe performance of the flow by locating
both bio-production plants in the same industriglaaand connect them by a piping system,
avoiding road transportation, to share outlet stieand energy flows i.e. IS. When applying IS,
the environmental benefits seem to be clear: remuadf waste by reuse of outputs and
consequent reduction of raw material consumpticndtheless, sharing streams carries certain
risks in supply, requires reliability and trust argostakeholders. The most credible possibility
would be that both plants belong to the same comdthough the famous case of Kalundborg
in Denmark, and other smaller eco-parks indicaa dkther possibilities are also real.

Having these factors in mind, and considering tiogds plant adjoining the biodiesel plant in
Cartagena, the biofertiliser must be transporte@dcavaca de la Cruz. The distance between
both is about 120km by tertiary road C-415 and sdany A-30. With trucks carrying
8,000kg/load of biofertiliser we need 525 loadsanBportation towards Caravaca de la Cruz
will be at full load, while the return to the bisgyavill be empty. Possibilities for optimisation
(e.g. linear optimisation of resources) could inyerall the alternatives, but as of now that is
not the main goal.

3For more information visihttp://www.swedishbiogas.eu/1/1.0.1.0/1 72kt access March 23, 2009)
$Available at http://www.ine.es/jaxi/menu.do?typeagis&path=%2Ft26%2Fe068%2Fp01&file=inebase&L= (last
access March 23, 2009)
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4.4. Application of methodology proposed to those options. Results

4.4.1. Utility Value

A total of 9 people where surveyed of which 4 cdnwen region of Murcia. The results are
consistent in general with the expected, yet weasrare that more time and resources would
have been required to have more accurate valuescbhe scores have been explained to the
participants and they agreed with the meaning, lviricreases confidence on their reliability.
The consumers gave away that the most used criteréavaluation of olive oil are

Acidity: although this is technically linked to the oligi properties, it has also much to
do with the taste andpplicability of oil. Usually consumers prefer lower acidity whe
it is used as an ingredient and higher for fryiting flavour of this latter is stronger).

Applicability: purchasing a type of oil or another is relatethis specific use it will be
given. Just as in the caseaufidity, the needs at a time will favour one type of olbie
over others, regardless brands or other criteria.

Brand regular brands commonly available in Spanish etarkre well known and offer
similar products. The choice will be subjected toumber of factors as the number of
brands available at shops or markets and the exyerithe consumer had with them. In
general this criterion is relatively important nconsumers put their trust in them as an
equivalent tayuality.

Quality: it is a synonym of good taste. Since the consuisenot given much
information, this parameter is somehow relatech®reliance on the common brands,
although it involves the personal satisfaction whesmg the oil. Yet in general the
surveyed had not much experience with a wide waétproducts; they refer to this
criterion taking into consideration the short rang@roducts they know.

Proximity to sourcethis criterion refers to how near or far the agnser’'s source of
olive oil is and the importance this factor has wperchasing their favourite products.

Availability at home need of having olive oil at home. This is amorg tmost
important criteria. The consumers surveyed haxetlier difficult to suggest meals for a
day not making use of olive oil. The lack of ithetme makes them move to the closest
market to purchase some available type. Howevey, #iso mentioned the possibility
of home delivery by telephoning some shops althdhgly do not use this service as
more olive oil is bought before it is over.

Information although they admit that they do not pay muchrdibn to information in
the bottles or TV-advertisements for not providimgortant knowledge of the product.
They all agree in that having the opportunity tstéathe oil beforehand would be an
excellent and highly appreciated point.

Type of containerthis criterion is intimately related to easinéssuse. Olive oil is a
viscous and greasy product that makes a mess wheaks. Some formats of packages
offer some advantages that are valued by consuridis. factor will also affect
somewhat thappearance

Appearanceattractive look of the oil enhances (or blinds)quality. Nonetheless, this
parameter showed to be less important than thalptiaa taste or the type of container.
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With regard to the environmental performance doterthe survey has demonstrated a high
interest on these issues, although it had to bgesigd by the surveyor. This is possibly

because, up to now, no alternatives offering emvitental concerns had been broadly promoted
and therefore this factor was not commonly congider

Before we present the results, we would like toegnotice of an interesting fact that arose
during the surveys and affected them. As proposeld theory, we consider that there is a gap
between customers’ value and price. That coulddsélyenoticed during the interviews. Price
demonstrated not to have much relevance comparéigttdabits. In fact it was not mentioned
as a criterion by any of the surveyed consumersieier, price has had a remarkable role when
weighting the criteria and evaluating the optiofke surveyed gave their importance to their
criteria, according to the method, giving some galérom 0 to 10. But we found that they felt
somewhat confused about what weight is and in gétieey yielded numbers rather high, low
or medium, meaning what is utterly important, wisatot at all, and what has some relevance,
respectively. The formula of the question was eftype“how important is this criterion X for
you in a scale from 0 to 10Faced with the subjectivity, we made a changeénfohmula and
introduced price in the sentence by askiligyou had to pay more for this criterion X, how
important is it in a scale from 0 to 102Ve realised that the consumers “fit” much more the
scores of the weights.

Similarly, when they had to evaluate the optiohgytalways mentioned thaterythingcould
always baémprovable Therefore, despite for some criteria in optiothA&y could set a score of
10 - which intrinsically means that they are abwluhappy with the perception of the option
with regard to a criterion — they still left theatcopen for receiving improvements. The initial
formula of the question wdto what extent (from 0 to 10) this option satisfiis criterion?
Having had analogous problems with weight, we detid ask the additional questitmould

you pay more for an option that improves this ciite?” This revealed that when giving the
highest score (i.e. 10) they mean that they arg appy with the results but there is still some
scope for improvement that they would appreciatevibyng to pay for it. Then this result was
better scoring 8 or 9 points. On the other handnwhey said they would not, we assumed that
the parameter has reached the top and no improteimeaconomically justified for the
consumer; we gave value 10 to this type of responae adjusted those values according to
their answers with their approval.

In addition, we found that we could distinguish twypoups of consumers: demanding
consumers and non demanding consumers (see Appihdixd Appendix 1V). The former
would give high scores for many criteria showingitltoncern, and go more thoroughly in their
evaluation of options. The non-demanding would ®tmuch interested in many parameters
and they seem to be pleased with the results. Henvéve values gathered and the numbers of
surveys carried out do not produce many differemtdbe calculations of value. Therefore we
utilise the average of both types of consumersaloutate UV and will discuss the overall
results. Anyhow, we wanted to remark this factarféother study in this olive oil case or other
case studies.

Having said this, we present the results in thiefdhg Table 5.
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Table 5. MCA method results applied to option A andhe alternatives B and C. The utility values (UV(i) are
remarked in the shaded cells. The highlighted cellaveals unjustified environmental impact

Options
A B C X (ideal)
(a) (b) (a)-(b)
Criteria RW NW RS Ws RS Ws RS Ws RS Ws
Acidity 74 0,11 10,0 1,063 10,0 1,063 10,0 1,063 10,0: 1,003
Applicability 7.2 0,10 9,8 1,008 2.9 1,025 9.9 1,025 10,0: 1,031
Brand 8,0 0,11 9,3 1,066 8,9 1,015 8,9 1,015 10,0: 1,142
Quality 3,0 0,13 9,0 1,156| 9.7 1,242 9.7 1,242 10,0: 1,285
Proximity 4,2 0,06 8,9 0,529 10,0 0,595 10,0 0,395 10,0¢ 0,595
Availability 8,7 0,12 9,2 1,141 10,0 1,237 10,0, 1,237 10,0; 1,237
Information 6,7 0,10 3,6 0,347 10,0 0,960 10,0, 0,960 10,0; 0,960
Type of container 5,7 0,08 8,8 0,710 10,0 0,309 10,0, 0,809 10,0, 0,809
Appearance 5,7 0,08 9,9 0,800 10,0 0,309 10,0, 0,809 10,0, 0,809
Env-friendly 7.5 0,11 0,00  -0,004 5.6 0,595 10,0 1,071 10,0, 1,071
Total (absolute) (pt) 70,1 1,00 78,5 7,814 941 9,349| 085 9,825 100,0 10,000
Total (relative) - UV (i) (%) 78,5%  78,1%| 94,1%  93,5%| o8,5% 98,2%| 100,0% 100,0%

RW = Raw Weight; NW = Normalised Weight; RS = Raw Score; WS = Weighted Score

The results both in weight and in evaluation wesmeawhat predictable. The most important
parameters are those associated to the characgrmstd properties of the product such as
“acidity”, “quality” and “applicability”, and thoseassociated with habits of consumption like
the “brand” or the “availability at home”. The chateristics of the product offer a little scope
for improvement since centuries of production heafened the properties to the extreme. That
much time for development of the product to satmfigh big demand may not offer a broader
margin to provide more satisfaction. In this serigaality” is a parameter that will be noticed
differently by every consumer, and it is not poksito launch products to satisfy them all.
Consumers rely on the “brand” as a guarantee ditgaend in general they would not purchase
olive oil from an unknown one. Moreover, there dnggh quality” brands that have not
succeeded, or are reduced to a selective markt.isl herhaps because they could not produce
as massively as the regular brands can. The qumbiyerties of these latter are perceived quite
similar by the consumer and satisfy the usual mepo“Acidity” is a chemical parameter that
cannot be improved because the available rangeitgeamy application and the required is
presumably already waiting on the shelf of a markess important “appearance” is understood
by a combination of the presentation of the comtaand the contents being the second much
more important. Appearance, again, has much toittophysical parameters of which we can
remark turbidity and colour, that owing to qualiggulations and the expertise in production
cannot be improved much either.

Therefore promoting the use of a single brand forawllection purposes carries with it some
pros and cons in this regard. The physical and @@nparameters are not likely to be
improved by a new product to the consumers’ peraepturthermore, the trust in the usual
brand could hinder the proposal because of sontialinncertainty about the product to their
loyal customers.

However, other parameters have some relevance awitich we may recall “information” and
“ environmentally-friendly performance”. The surveatmitted that they have never had much
information about their or other products, branadd aven olive oil itself. This goes in line with
the fact that only one out of a hundred consumers deep knowledge about olive oil, its
properties and possibilities. The available infatioraat present is what comes written in the
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label of the bottles and advertisements on the anddtiey all coincided in that, if other products
were properly presented by, for example, giving@amto taste in markets, they would change
their minds about what they regularly purchase seldct some new options. This practice is
customary for other types of products. This isea&fd in Table 5 in a broad field of
improvement with potentially 6 percentile pointstiog UV.

Other criteria such as “proximity” of the sourceslahe “type of container” are as possible to
be increased, although they are not as relevattteast. Purchasing olive oil is not the regular
purpose of shopping sessions; instead the custdale¥sand advantage of the trip to the shop,
which happens in average about sixteen times pethmi@7], to get the oil in the case of
scarcity at home. This is the fact why “availapfli(i.e. to actually have it at home) is so valued
presently and why “proximity” does not mean an imaot concern. On the other hand, the
“type of container” is a factor that can affect tice of a product over others when shopping
because of the appearance. It can have great ncBuen the next shopping session when
utilised at home. Although this is one of the leagtortant factors, it is possible to be improved
by closer contact between the consumer and theaaynf his is, then, another beneficial point
of sharing knowledge with the consumer by FS.

In relation to the environmental performance, thiécomes from greener systems are evident.
Option B shows better results in comparison witlicspA. Environmental performance would
be as much as valued as other important critech as acidity or applicability. In the scale of
value this means that we could increase over 1€epéle points with the proposed approaches.

When making the chain greener by implementing Iptigm C) we do not yield any
improvement on the product's parameters but mewglythe environmental performance
criterion. The value is only raised by some 3 patitee points while by applying FS to the
current system the improvement is of about 17 goiBespite that, with our eco-efficiency
index this approach will signify a promising optisimce the LCE will be greatly reduced.

Parallel to these numerical results, we also obthithe personal opinion from the consumers
for contrast. They all show much concern about éhgironment and are open to put into
practice the new alternativas far asthe characteristics of the product are not adWeedtered
and they carat leastmake the same use of the oil. This means thanhaamt of delivery and
collection supported by FS system, including enkarment of information and product
customisation — to some extent — would be accelpyetthe consumers if the properties of the
olive oil offered by the company are not worsenethe consumer’s perception.

One may represent this situation as the two siflesamin. On the one side, when expressing
value in terms of wishes, the consumers seem {oflee to express their needs and likings.
Still, a mathematical rank is difficult and it ibus translated into a semi-quantitative scale
meaning very important, not important and relevant.the other hand, price is a well known
scale that is everyday used as a reference buhas been argued, the link with what customers
want can be questioned in many cases. By intengrdtie second question, they seemed to
understand that there is some “constraint” in theshes and that by wantimgorethey would
have topay morefor it. Then, there is a fitting of the semi-qutattve results towards
something more quantitative by regulating or, ratipgicing their criteria. We consulted the
NW's with the surveyed along with the rank amongsth and they agreed completely with
them. Then, although price has not been a critddpoany of them, it has been used to help the
results to be tighter than just good, bad or averag
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4.4.2.Lifecycle Environmental Impact LCE

It has been not possible to calculate the enviroahémpact with EI-99’s. The values in our
database where either obsolete (e.g. old moddtaméportation vehicles consuming excessive
fuel) or referred to other types of processes (@agiesel produced from raw material instead,
involving land use) making the results confusimgtie LCE method it has been mentioned that
these indicators are constantly updated and spemifes can be calculated. Although it was
possible to adapt these to our case, resourceira@dcvailable have not permitted it. Instead,
we used of GWR, limiting the quantitative results to the impact thre environment of the
emission of greenhouse effect gases. The resteointpacts (e.g. eutrophication, emission of
other chemicals, etc) were tackled qualitatively.

This solution has sounded suitable since much eirtipact is supposed to come from the use
of fuels for transportation, which are directlyded to the GWP. The numerical values for LCE
in VERI assessment will then be calculated with GMYBnd the conclusions about the best
practice possible (alternatives A, B or C) accaydio VERI method will be supported by the
qualitative analysis of other ecological conseqgesndhe LCE results of the options presented
are shown in the shaded cells in the summary tatdbke 6, Table 7 and Table 8 below. These,
although quite shallow, show great differences WRsbetween options A and B and C. Other
types of impacts will be discussed later on thigiea.

Before we start the analysis of the calculations, discuss that it is possible to reach both
positive and negative values in relation of thetdbuation to the emissions of greenhouse
gasses of the streams of processes. Processssitvatfas a drain of carbon dioxide i.e. produce
materials that in a lifecycle retain carbon dioxigie other greenhouse effect gas, will yield
negative (positive for the environment) resultsiv€d crops withdraw carbon dioxide in
photosynthesis and incorporates it in the chemistrglive oil. The carbon chains are due to
this absorption of dioxide. When transesterified thain is sustained and the O®mains in
the composition of the oil. Then, if not combustdtk carbon dioxide absorbed is kept out of
the atmosphere and the balance of the productitimeis negativé® The same idea, although
less straight to identify and more or less extegigivcan be applied to biogas production.
Therefore, positive LCE will mean bad impact on &mvironment; conversely, negative LCE
indicate a global withdrawal of the impact on tingieonment (good for the environment).

The product offered is to satisfy the ecologicadlgaf the regional government to run the bus
line Rayo 13 with biodiesel 100%, along with cregtvalue among the consumers of olive oil
at home. Other uses given to the product or itsagts, processes involved or possible disposal
scenarios are then omitted. The product shows, thenLCE for its given utility, leaving the
rest (e.g. remaining biodiesel in options B andy@cerine in option B or biogas and fertiliser
in option C), open to utilisation within other orolader scope and goals. Our scope and
boundaries of the thesis must be consistent welgthal and the functional unit pursuédfor
instance, the biogas is utilised to replace somi®fmatural gas combusted in the combined-
cycle power plant in Las EscombrefagCartagena) for fuel conversion in electricity

% A rough example would be the case of burning e fféis grows absorbing G@hat is released in
combustion. The global emissions are here nulielfonly burn a branch, then the overall is negative
3" The power plant comprises diesel-based thermakpaowit with 553MW installed and a combined
cycle power unit with 831MW installed, owned by ithmla available at
(http://www.iberdrola.es/webibd/corporativa/iberd@@ DPAG=ENWEBCONLINLIBESPRODPOTINS
T&codCache=12430737439584407 (last access MayQ®)2
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production, the impact of such process should beidied also in the three options. In options A
and B biogas is not produced, and the impact woalde from natural gas combustion, adding
CO,-eq to the total sum. The effects of electricitpguction would be lower in option C in
terms of global warming because of the usage ajdsido some extent. Then option C would
have shown much better performance in@@issions than the rest and the total scores i LC
would be different.

All the same, transportation in the supply chairangea great share of the negative impact on
the environment. In alternatives B and C there nsuaused biodiesel stream of around
1,860nd/year, that could be used for transportation in system, reducing the impact. But
again, this should have been included along thdésgoiathe thesis and present in the three
alternatives. It would have meant further improvamie the results for alternatives B and C for
having available this resource, improving LCE aghtioption A. Likewise, biodiesel can be
used as a fuel in the region for another unit efltdtal power plant (also in Las Escombreras)
that runs a single thermal process with liquid gdlefuel as combustible. Again, the impact in
options B and C would have been much more redusegbared to that in option A. Combining
both power units using biodiesel and biogas foctalgty production, the most suitable solution
against carbon dioxide emission would have beeioml. Also biogas is apt as a combustible
for vehicles, but the technical deployment is awtirack of utmost importance. We do not
inquire more in this possibility.

The impact of production of glycerine is alreadglided in production of biodiesel, for being a
sub-product. The impact of glycerine would comaririts utilisation, replacing its industrial
production from raw material. In option B the totahount obtained is not utilised for any
purpose. In option C it serves as an input for &sogroduction, and the impact of its utilisation
is already included in this biogas process. The bs of glycerine (substitution of its industrial
production or production of biogas) would come frtime balance of the different scenarios,
where energy and glycerine production in the regsoimvolved. Since it that is not among the
goals in this thesis, these consequences are clatded in the results. For the same reasons as
in the case of biodiesel and biogas, other usg/oérine cannot be included in A and B.

Here we tackle the important contribution of fésgr in LCE. We must admit that we do not
know for sure if the production of fertiliser folives crops occurs within the boundaries of the
region. Most probably it will come from Fertibe&aA. in Huelva (hundreds of kilometres away
from our province), which is Spain’'s largest progluof fertilisers. However, we propose

production of biogas to show the effect of makimge wf biofertiliser, and we include a

hypothetic chemical production within the regiotaundaries. According to the results, the
environmental impact of industrial production ofetmitrogen, phosphorus and potassium
fertiliser (NPK) is higher than any other contrilout to LCE; even higher than transportation
altogether. Hence, reduction of these emissioagji®at focus in design towards reducing LCE.

The impact of biogas production is already includeaption C, and has as a solid residue a
rich sludge suitable to be used as a fertilisee Gbmposition of such fertiliser is variable and
will depend much on the input to the process. Wigest the use of agricultural waste for this
process, which is rich in nitrogen, together witiicgrine. Our fertiliser requires nearly 60%
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nitrogen contents, and thus we believe it couldglicable to our alternati¥e Options A and

B contribute to emissions during fertiliser prodoit whilst option C, although increasing
transportation, provides fertilising sludge fronodms, that avoids the emission of chemical
production. Such is the reduction that the entpstesn would pass from reducing emissions of
CGO, equivalent in option B (compared to option A) tiually withdraw greenhouse gases from
the environment, making the system become proattit@ckling global warming issues. If the
production of fertiliser is considered out from g®@vince, we must subtract the contribution of
such process, anldCE(B) becomes about the sameL&E(C)

Table 6. LCE method results with GWR, (kg-CO,-eq) for Option A: idealisation of the current supgdy chain
of olive oil and waste oil collection system in gitof Murcia.

Option A - LCE(A)
Concept Specification Km P.l. [units) | COZ2-eq | (units) Impact
(Kg-eqCO2)
Transportation 641.542
Tanker Lorry 20% Biodiesel - Olive oit to M.C. 10800 41 (tonnes 0,154 |kg/thkm 68.191
Tanker Lorry 20% Bicdiesel - empty to C.d.1.C 10800 15(tonnes 0,154 |kg/thkm 24948
Delivery Van 20% Biodiesel - olive oil to markets 126360 2|tonnes 1,24 kg/tkm 313373
Delivery Van 20% Biodiesel - empty to central 126360 1,5|tonnes 1,24|kg/tkm 235.030
Processes 3.852.550
Fertiliser Industrial production of fertiliser - 4220(|tonnes 0,818|Kg/kg 3.878.180
Biodiesel production of Biodiesel - 11|tonnes -2,33|ke/kg -25.630
Use 102.621
Bus Rayo 13 100% Biodiesel 27300 21(tonnes 0,022 |kg/thm 12.613
Bus Rayo 14 20% Biodiesel 54600 21|tonnes 0,0785 | kg/tkm 30.008
Disposal 2.025
Treatment, sewage, unpolluted, from
WWTP residence, to wastewater treatment (class — 1653 |tonnes 1,24|kg/m3 2.025
2/CH U)
TOTAL |4.598.737

notes:

assumed the following facts:

Tanker lorry: 15 tonnes including container.

Delivery van: 1,5 tonnes.

Truck: 7 tennes, including container [source: Valvo)

Bus: 18,5 tonnes [double axle model; source: Volve); 2,5 tonnes (30 people) average weight transported

Wastewater density - 1kg/| [1%wt/wt solid)

We must also note that other contributions to LG&ehnot been presented. Among them we
emphasise the exclusion of support processes isuble as pumping of oils, lighting and air

conditioning in the buildings (including in biodesand biogas plants), preservation needs,
filtration and adaptation of waste oil, et cetddawever, these are not commonly included in
analyses in LCA at this level. We have estimated these are neither much important to the
final results nor relevant to discuss the poterdgfaFS and IE. The assumptions in weight of
vehicles and in the material streams will likewdsectly affect the LCE. On the other hand, we
must not forget that the case study has been brayglirom an idealisation of the present

situation. As transportation plays an importanérol LCE, more accurate approaches can yield
different numbers. Yet, we cannot really statééyt would support or else, refute our findings.

% It is difficult to quantify and precise the comfim of the residual organic sludge from biogas
production. In current times, some companies, dsrikoping, are taking care of this determinatiand
offer some guarantees in the composition so tmatdes can determine the amount to be used.
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Table 7. LCE method results with GWR (kg-CO,-eq) for Option B: application of Functional Salesn the
idealised supply chain of olive oil for home consuption in city of Murcia.

Option B - LCE(B)
tee - . . Impact
Concept Specification Km P.l. (units) | CO2-eq | (units)
(Kg-eqco2)
Transportation 177.722
Tanker Larry 20% Biodiesel - olive oit to M.C. 7600 41|tonnes 0,154 |kg/tkm 47.986
Tanker Lorry 20% Biodiesel - empty to C.d.I.C 7600 15|tonnes 0,154 |kg/tkm 17.556
) 20% Biodiesel - oil delivery and waste
Delivery truck i i
oil collection 11232 13,4(tonnes 0,45 kg/tkm 67.729
20% Biodiesel - waste oil to BD Plant
Tanker Lorry
and BD to central 7040 41|tonnes 0,154 |kg/tkm 44,451
Production processes 45.330
Fertiliser Industrial production of fertiliser 4220|tonnes 0,919|Kg/kg 3.878.180
Biodiesel Production of Biodiesel 1645|tonnes -2,33|kg/kg -3.832.850
Use 37.838
Bus Rayo 13 100% Biodiesel 81900 21|tonnes 0,022 |kg/tkm 37.838
TOTAL 260.890

Table 8. LCE method results with GWR,index (kg-CO,-eq) for Option C: application of Industrial Ecology
on the waste streams over Option B.

Option C - LCE(C)
e . . Impact
Concept Specification Km P.l. (Units) | CO2-eq | (units)

(Kg-eqC02)

Transportation 801.425
Tanker Lorry 20% Biodiesel - olive oil to M.C. 7600 41|tonnes 0,154 | kg/tkm 47.986
Tanker Lorry 20% Biodiesel - empty to C.d.I.C 7600 15|tonnes 0,154 |kg/tkm 17.556

i . 20% Biodiesel - oil delivery and
Delivery truc waste oil collection 11232|  13,4ltonnes 0,45 kg/tkm 67.729
20% Biodiesel - waste oil to BD Plant
Tanker Lorry

and BD to central 7040 41|tonnes 0,154 | kg/tkm 44.451
Truck 20% Biodiesel - Fertiliser from Biogas 653000 15|tonnes 0,45|kg/tkm 425.250
Truck 20% Biodiesel - empty from C.d.l.C to 63001 7|tonnes 0,45|kg/tkm 198.453

Production processes -4.014.965
Biodiesel Production of Biodiesel 1645|tonnes -2,33|ke/kg -3.832.850
Biogas Production of Biogas 128250|m3 -1,42 kg/m3 -182.115

Use 37.838
Bus Rayo 13 100% Biodiesel 81900 21|tonnes 0,022 |kg/tkm 37.838

TOTAL |-3.175.702

Finally, the conclusions from LCE by using GWfare very limited. Although they still allow
seeing improvements greenhouse gas emissions nthey potential effects are not included.
Following, we discuss the most important poterdgaitributions.

Fertiliser is needed for growing crops. The basitiants for plants, known as NPK, can come
in the form of salts, oxides or other combinaticasg concentrations. This will depend on the
type of use and crop. When applied on the soilntiteients will be retained and absorbed by
the plants at a rate. But when the concentratich@amounts utilised per hectare are too high,
the plants will not absorb the nutrients at theuneml rate, and these can leach to the
underground water giving rise to eutrophicatiomeréase of algae by an excess of nutrients —
reducing concentration of oxygen in water, with artant negative environmental
consequences on the ecosystem. When using therssiitlie from biogas, the concentration of
NPK is difficult to determine, and farmers do nealty know about the amount to spread on the
land. Leaching and eutrophication may become al@molirom unintentionally wrong use of
this resource. Determination of the compositiothefsludge is then of utmost importance.
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Along with this, the production of biogas carrieghnit some risks of leakage that, although
very reduced, should they occur, would increase LiCElternative C. Methane is as much as
21 times as effective in greenhouse effect as cadimxide, and at certain concentrations with
oxygen is highly explosive. As well, bad smellsnfrananipulation of the input and output
streams that can affect the stay in areas neaebylémt.

Combustion of fuels, do not involve only emissioh @O, but also Volatile Organic
Compounds (VOC'’s), non-totally-combusted molecusesgphur oxides (SQ, nitrogen oxides
(NOx) and particles among others. Each of them is assatwith a different type of effect e.g.
sulphur oxides and produces acidification of ndtwaters, nitrogen oxides and has greenhouse
effect in air and produces eutrophication in waparficles to respiratory problems and catalysis
of unwanted reactions. Some research [63] has prtvat combustion of biodiesel is more
effective than that for fossil diesel, as showrrigure 25. This is translated into CO emissions
reduction up to 58.9%, S@o 57.7% and NOto 32%. Consistent with this, the benefits from
the utilisation of biodiesel from olive oil for maportation in the region go beyond a mere
reduction of carbon dioxide emissions. In this sermptions B and C are strategically more
advantageous because they can provide a highernambwiodiesel for transportation and
reduce the consumption of fossil diesel with furthee than that described in this case study.
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Figure 25. Changes (%) in exhaust emissions fronombustion, for different tests in a diesel engineo{d design
from Perkins), of biodiesel produced from waste olie oil against regular fossil diesel (source: [6$,.1314]).

In summary, we assume that the results obtaindthuajh not accurate, are consistent with our
expectations and give hints of the possible outsoafiea more detailed analysis. Alternative B
may seem to be the most suitable option to redueestological burdens in the short-to-mid
run. Alternative C represents the most effective afficient use of resources, although the real
environmental impact must be thoroughly evaluatédhe production of fertiliser happens
within the region, the consequences of its appboaare of utmost interest. It would be, then,
an appealing option to be considered in next i@mah design, with the proviso that option B
would have been implemented successfully. Altemeafi scored much worse than alternatives
B and C and, factually, it will be dismissed by VIERethod in next section.
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4.4.3.Value-Environment Recursive Index (VERI)

Once obtained the results for UV and LCE, the tesof VERI come quite straightforward.
Table 9 and Figure 26 summarise the numbers, guidtdbe situation of the alternatives in the
current iteration according to the method proposed.

Table 9. Summary results from the application of VER method to the options A, B and C. The parameters
selected have beeru(1) = 1,15 ; UVmin(1) = 0,88; LCEgoal(1) = 0 (initidy). As LCE has been improved
beyond the initial goal, the new minimal value haseen considered as the goal.

Iteration Z=1
A B C
UV (%) 78,1% 93,5% 98,2%
LCE (CO2-eq) 4.598.737 260.890 -3.175.702
VERI(i) 1,70E-05 3,58E-04 -3,09E-05

VERI results for system design of olive oil alternatives
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Figure 26. VERI method (final results) applied to ou case study. Options B and C are eligible for coniping
with all the requirements. Option A does not complywith the eco-index VERI and thus should be discarde

The results seem to be quite obvious from the memagt objective. The goal set on
VERImin(1)on eco-efficiency is clearly complied by optionsaBd C. Likewise, they fulfil the
design requirements at settiby/(i) over the minimal limitatiorJVmin(1) and reducing LCE
below the maximumLCEmax(1l) Option A instead does not comply with any of the
requirements, and therefore should be discardexhadternative at present. Here we can also
argue that should the parametele set below the established<1.15, increase in the slope,
option A would have complied with tHeCEmax(1)but still it would have been discarded for
being out from the shaded feasible area.

Alternative C, besides, improves th€Egoal(1)proposed (i.eLCE(1) = 0 and sets a lower
value towards which the rest of the results arbea@ontrasted. Then, although option B is an
interesting alterative from all the viewpoints, éisvironmental performance is blackened by the
existence of alternative C. This fact reduddg(B) as itsRS(B,m)(i.e. Raw Score in the
environmental criterion) is lower than if it wasngpared against the initikiCEgoal(1) On the
other hand, we discussed in the previous sectiaingtion C could be located nearby option B
if the fertiliser is produced outside the boundara the region. Under that circumstance,
LCEgoal(1)would be equal to 0, armbuld guide the next iteration on ecological objectives.
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In any case, option B is a preliminary step towampison C. As it fulfils all the requirements, it
seems to be logical to choose this option as aisnlin the short run and develop it towards
less impact and higher value, maybe taking C afexance. Should alternative B be selected,
the indexVERI(1) would be fixed toVERI(B) and we would have another framework for
improvements in eco-efficiency in the next desitgration of this product. Figure 27 below
shows a graph of the end of the iteration procéss ehoosing option B as our eco-efficient
solution. As well, Table 10 illustrates the finalmerical results obtained in the method and the
limitations and goals utilised. In practice, thisal step would happen with the signature of a
supply and collection service contract with the stoners of olive oil and, in this case, an
agreement more or less formal with the local autiesrfor the use of biodiesel.

Table 10. Summary of constraints, goals and final mult (chosen option B) from the application of VERIto the
case study. LCE has been expressed as kg £€yuivalent instead of EI-99.

Iteration VERI VERImin(z) uv(z) LCE(z) UWmax{z) LCEmax |z} UVmin(z) LCEgoal(z)
Z=0 1,30e05  — 87,6% 4.338.737 100%  5.252.027 — 0,00
Case study —» Z=1 3,38E-04 2,19e-05 93,2%  260.8%0 100%  4.566.930 87,6% -3.175.702

Final step in VERI method - selection of an alternative
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Figure 27. Selection of option B as an eco-efficiesolution for our EM goals. VERI(1) = VERI(B) will define
the state on eco-efficiency on this product for iration Z =1. UVmin(2) = UV(B) = UV(1). An improvement of
“a” over VERI(1) in the direction of the arrow will determine VERImIin(2) and LCEmax(2)

The large amount of assumptions, approximatiores Jittie thoroughness of the LCE analysis
and the number of surveys carried out, can makerdhder be sceptical to the results here
presented. It is arguable that should other corlid®s have been taken into account, other
pictures could have been drawn. Being aware of fht$, we sustain that the arguments
presented in favour of our approaches (FS and dBphdrease eco-efficiency, although not
accurate, can be strong enough to, al least, inoteesearch further in this direction.
Furthermore, the solutions presented, offered emdniigts so as to conclude that, although the
numerical results carry much error, the alternatipeesented help to reduce the environmental
burdens and that, if the quality of the productsas reduced, they would be accepted by the
consumers to a great extent.
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MCA, LCE and VERI methods permitted an easy analgéithe situation, albeit it is needed to
investigate more to include other important factsueh as the economic or the technical
viabilities of alternatives. When these are acddptancluded in the method, we believe this
tool can help to analyse alternatives from eveapdtto assure somehow their success. In this
case study, these factors have been neglectedpwimd) to that, we cannot state that the
solution hereby presented can be utterly feasitediher of interest for further analysis.
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5. Discussion

By ways of the case study we tried to depict soraemple both to prove the utility of VERI as

a new evaluation method and index, and the potehaaFS and IE can represent, measured in
terms of such index. The results obtained, at acglago in line with the arguments given in the
theoretical background. Albeit, unluckily, it hagtieen possible to gather more opinions from
consumers or perform LCA more in detail to prodou@e accurate numbers for LCE, we can
still identify some interesting points. It is nesag/ to discuss them so as to understand its
further applicability by finding some pros and cobsfore it is utilised for other situations.
Some other points, mainly economic and technicabilities, will be left open for further
analysis and research.

Understanding value as a rate of customer’s peémsepts proven to be convenient to quantify
the goodness of the alternatives given. It is @y epproach whose results can be also checked
with the customers themselves to evaluate on tivaie accuracy. In the case study, once shown
the calculations to the consumer and explainednteaning of them, they were offered the
chance to make changes over opinions, weights,Setime of them did, as comparisons are
easier for human beings than absolute ranks [2}sTit is possible to somehow catch some
hints of the likings and desires of the surveyed.sBudying the weights, information about
what should be offered is given away and that cglp ko orient the focus of the designers
towards more specific goals in design.

As well, when introducing FS as a “complement” abguct, we still keep the physical
properties of those goods yet we increase the rahgeteria to the customers, and the focus is
spread. All of a sudden, the stress on the ate#that were so important for the customer to
obtain the utility they pursue is softened by s@uditional service or combination of resources
that are strictly designed to please the particalestomer’s need. Taking back the example
given in the theory of value (section 2.1.1), cdasing a car for transportation, if a customer is
to buy it to commute daily to go to work, the ssredll be put over the physical qualities such
as power of engine, consumption per kilometre,rivetleand external colour, etc. If a rental
service is considered instead, a lack on thoserizitcould be compensated by some good
cleaning or car-parking services, or the chandsate different models every day, for instance.
In the case study, this fact arose while perforniing poll. The surveyed only mentioned
physical qualities ascidity or quality, whereas others criteria availability or information
where left out as they had never experienced divercluding a service. These were, in fact,
suggested by the surveyor and evaluated by theking a look at the results, it can be seen
that the material product cannot easily be improyetdvhen added a service of supply we offer
some new scope for improvement that will increésealue i.e. it will be more appreciated by
the customer and as a result it is expected tgtwould be willing to pay more for it, given
these new features. It does not mean that we simagtct the others though. Instead, we can
consider that we have some margin to increasetyutifalue by “playing” with the new
parameters, and have the evaluation of the customer

In this sense, all the consumers surveyed agreddhby would like to contribute positively to
the environment and they would pay more for anremvhentally friendly olive oil, and would
adopt the delivery/collection service. Still, theguld not accept it if the physical properties are
worse since they would condition ttagplicability and quality, which are key parameters.
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Should they kept stable, they would agree with they would value more the new approaches
for offering interesting features that increaserthvellbeing.

As new technologies or approaches are more avaitid} by day, eco issues will always mean
some area for progress, that the consumer will teil there is no alteration on important
parameters (criteria), improvement towards greemfopmance will always offer some
alternative to the company to advance in eco-efficy whilst also pleasing the customer to the
given weight extent.

We have also included the idea of price in thewdison in section 4.4.1 when we stated that it
should be kept aside. This was only to give notitsome innate concern on this factor that
could have influenced the numbers. Actually, in tase study, price has not been even
mentioned by the customer possibly for two reasdénsstly, the price of most products
available in the market is around some average Mtfth variations. That makes the customer
not to make it a primary parameter. Secondly, algioit is a usual good with daily use, this
average price is not considered high. However episcstill a most well-known scale for the
customers and, as we exposed in the results foreyahe questions had to be reformulated
including price as a constraint not let them bgjowith the results. By assuming that they
would pay more they may also know what it wouldthe limit in “extra” price to pay for the
“extra” satisfaction added. Then, we can suggegtsbmehow, taking as a reference the current
situation, they can figure out the price they woaddept. Finally, the ultimate decision will take
into account not only customers’ satisfaction dtfecia, but also the price the company sets. The
more the customers and the company agree in the pfithe product, the less this will affect
the final decision. If the price for an alternatigezen by the company is too high to the
customer’s expectations, the alternative is likelybe rejected even if it presents the highest
utility value. Alternatively, if that price set iswer, customer will take an advantage of the
“bargain” and chose it even though it might be liessresting. All the same, this is an issue to
be studied by other areas such as marketing dedend we leave this issue open for further
research.

Hence, when offering a set of options to the custoim a design loop, these must have passed
some analysis on economic viability that assuresaftfordability of the projects, the availability
of resources and the competitiveness in price énntiarket. MCA method in the case study is
then a mere approach to be able to asses custdenesbkbf satisfaction (and possibly with that
assess the price setting), analyse the parametéakd into account in future iterations, and fix
the present situation on eco-efficiency to establisw goals on UV and LCE with VERI.

But MCA also shows some other weak points. PerfogmilCA with customers’ perception is
only possible when the contact is really close #ade is really a possibility to integrate, in a
short period of time, the information into feasiladkernatives. Customers’ criteria, interests,
needs and perception are rather fickle and whataised at a time might be importantly
different in a relatively reduced time span [8].iSTldea is easy to see when, for example, the
products are related to the world of fashion oveling. Hence, also a constant contact with the
customer is required which consequently meansttpesenanent human and material resources
for support. Then, systems other than those thaptad FS as the core of business, will find
this concept of value somewhat impractical.
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Here we give rise to the question about the typeaofipany that would most likely succeed
with using MCA. The answer is not easy since it ooy depends on the managerial strategy
adopted by the company and the field of businessillso on the type of internal structure [30].
The company must be easily adaptable with its messuto tackle each product and its
particularities appropriately. In the study, we dot consider any special organisational
structure, although here we give our opinion thattoms B and C could be much more easily
carried out by the regional government than bynglsicompany. An olive oil producer bases
its management on material streams, while the nagigovernment have the contact with the
people and are used to administrate other senvicdhis sense, we suggest that possibly those
more service-oriented will be more used to deahwhis system and externalise their material
resources. In the case study we neglected theuwlifés of a producer to undertake the entire
production-supply-collection-recycling chain whdmatt could be the first and main hindrance.
We should understand that the case study is pegsémm the perspective tdssuming that it

is technically feasible, what would happen if..28 we mentioned before, some previous study
on viability should have been carried out during design process, including economic issues.

When customising products, the amount of clienttuisied in a MCA matrix will influence the
results value calculations because of the rangeritdria, weights and opinions that can be
gathered. In our case study, tb¥(i) represents the average of nine interviewees ahdono
some particular customer. By taking a look at eamisumer’s appreciations (see Appendix Il
and Appendix V) we can see that their insightthalgh rather similar amongst them, are to
some extent different. Then, olive oil does notapke them equally in any of the options
presented. This will place to the producer inlardima. On the one hand we have that it will be
easier for a company to please, differently, manstamers at a time with some “standard”
product that with mass production. In return tresigrates a hotchpotch of weights and opinion
to yield an average UV with our MCA method. Valuésses focus on the wishes of specific
customers and the essence of FS is dissipateds piaduction aims at the satisfying to a large
a mount of customers with a set of products. We smmse that when a broad amount of
customers are the market of the company or thigrtessive production, using MCA for value
estimation might be neither an accurate nor a useéthod, as it would provide only vague
hints of the wants of some average customer.

On the other hand, when only few customers areiderex to gain focus, the market becomes
reduced. The design must involve a long term cohtnath important revenues to be worth.
This is then more in accordance with what we exgdee FS. A long term relation involving
bidirectional flow of information consequently hatore chances to success when value is
understood as fulfilment of customers’ wishes. Tiethod proposed can be quite convenient
and useful in such case, and the gains in desigroaph should be analysed against business
risks in the design stage.

We can conclude here that had the UV addressedighanumber of customers, MCA can be
used to obtain an average UV and hints about tbeess of the alternative in the market. When
addressed to a smaller group, the result is mazarate and reflects the customer’s insights.
This latter can be more the field for FS, beingitheal situation an assumption that everybody
will accept the deal of the service offered. Thiarljne with the discussion on structure issues,
this approach of UV may be more fruitful for a seevbased company with high dynamism in
its structure than in a traditionally hierarchicale producing material (or energy) goods for
massive sales.
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With regard to LCE, the use of indicators eases daheounting of the burdens on the
environment. But finding an appropriate indicatsr difficult. Moreover when social and
economic issues are involved, the interpretatiorthef results must be meticulous. In the
definition of sustainability given by WBCSD [7], ¥imonmental aspects are related to these
latter, and decisions on sustainability cannot beed merely on some measurement on the
potential or actual harm on environment. Howevarargitative results allow comparing
different results better than quantitative analy$tserefore, the qualitative analysis should lead
the arguments on favour or against whereas sumgpbstequalitative facts. In the case study,
alternative C showed rather smaller impact in tewhsCO, emissions than alternative B.
However, some potential problems on eutrophicadiot the feasibility of the options made us
incline towards option B instead. Therefore, LCEaswed as a humber cannot be accepted in
isolation as representative of the influence oro"éssues.

Also, as it was discussed in section 4.4.2, thearigal results obtained when using LCA tools
depend enormously on how detailed the analysisaiged to be. More thorough studies can be
more reliable but will require much resource (tiamel knowledge) [58] and the objective of the
method and this thesis is then missed.

The role of eco-effectiveness opens the door tevaway of managing the flows from the very
beginning, guaranteeing the reutilisation of resesralong the chain. By assuring that the
product is completely natural, olive oil can beetakback to soil in the form of biofertiliser,
closing the loop. This is, besides, one of the naaitbitions of IE, so they are complementary
and do not exclude one another. This benefits tre@@ment from the side that it can provide
some renewable energy from a waste stream whileovesnthe environmental impact of
chemical production of fertiliser. The economic sequences have not been studied in this
thesis, although we can learn from fruitful expeces such as the one in Link&ping. Anyhow,
in theory, eco-effectiveness gives rise to a new efadesign in which the goal to be pursued is
to provide what is wanted, i.e. being “effectivaiith or without an efficient use of resources.
But in practice it is combinable with other approeg to increase efficiency and empower the
gains. Waste olive oil, until recent times, was sidared in Spain a waste with difficult
disposal. By deciding to take back to soil mosthef stream — also consider that some of the
CO, emitted by combustion of biodiesel and biogashi region will be again absorbed by the
crops — a great deal of impact is avoided and wasteansformed into valuable biofuel and
nutrients.

Perhaps, the main hindrance of eco-effectivenetisatsmuch of the technology and materials
that are basic in our regular life are not possiblée offered by completely natural materials
and productions. Furthermore, its first and seqariicciples are in contradiction with the third
(please refer to section 2.2E20-effectivenestr explanation) if we consider, for instance, a
solar cell in current times. To make the most & Holar energy, we produce a device that
involves rare materials in its composition and &sibally inorganic; organic conductor
materials for solar cell are under development thet studied systems, with around 5% of
conversion efficiency compared to over 10% of ailimsed cells, is far beyond its viable
applicability. Then, if applied the first and sedoprinciples to this device, with the present
technology, the amount of photovoltaic energy @tdd will be dramatically reduced.
Therefore, we can understand that the substitufahe known materials towards degradable
ones is, as of now, a utopia at a great scalestBijiat a reduced scale, the concept can succeed.
The company MBDC, founded by McDonough and Braun@athers of the eco-effectiveness)
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in 1995, designs products and processes for aectadiradle lifecycle, following the principles
(please, visit_http://www.c2ccertified.confidr more information). In the information of the
company, they give reference to a large amounkaiples of success in the implementation of
their products. They also provideceadle-to-cradle certificatéo companies that are willing to
follow and put into practice their principles. Th&t of eco-effective companies, products and
processes is still increasing.

Therefore, we can anticipate that eco-effectivemelbde gaining importance year by year and
that in a future will be a model or rather a philpisy for design. But for it to play a major role,
much more research is needed. It has a long wksatbdesign strategies but in its short history
of application it has shown — also noticeable in¢hse study — that it can be successful and is a
promising concept to, at least, keep in mind nowada

Finally, we can say that VERI offers a new viewpdmevaluation of eco-efficiency. It shapes
the framework for design by a series of constraamd goals while keeping a strong focus on
what it is to be accomplished to produce customsedssfaction. When proximity to the
customer is possible, the application of MCA mapiwposed is rather easy and it gives away,
in a simple scale, important information about vela criteria. In the case study we found out
that, despite the physical parameters of oliveacdl quite difficult to improve, there is some
scope for improvement of UV by including some detivservice and reducing the ecological
burdens. In parallel, using the LCE method proppogeamits to compare among different
options to improve stages along the lifecycle. VEBR$ also demonstrated versatility during the
development of the thesis since EI-99 could noused and GWR, was used instead. The
method is simple and does not require much techsldh to be executed. The visualisation
tool and the openness for decision making on gaads constraints in the management, eases
the choice of the best solutions. This may makenderstandable and accessible to anyone
pursuing a measure on eco-efficiency.

In contrast, the reliability of the results depegdsatly on how accurately the method is carried
out. Our MCA method utilised increases its uncatjawith the number of customers surveyed.
Even if customer differentiation is included, thesiins may be much more focused to
successfully fulfil the requirements with reducedoaint of customers. On the contrary, LCE

method will gain credibility with a thorough analyf the system and with as much data
related is applied. These factors sustain that VERiIhod is most suitable when the product
will withstand a mid or long term contract with semelatively low number customers; the

relation with them must be rather tight and theereies interesting. Otherwise, the opinions of a
big amount will blur the focus of MCA and the etfon a reliable LCE calculation might not

be worth. As well, due to the characteristics @& thdex, the method is intended to support
design at a system level and should be, perhapposied by other design methods such as
QFDE to develop the technical side.

To conclude with this broad discussion we will namswer our research questions.
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5.1. Answers to the Research Questions

RQL1. Is there a representation of value that coulds$pteco-efficiency index expressions?

In the theories we presented a differentiation betwthe concepts of economic and utility value
that we put into practice in the case study. Ingrectice we could measure value as customer
satisfaction but still the economic factor mustitteoduced to provide a reliable representation
of value. This is due to the fact that customegtisfaction cannot, itself, demonstrate the
economic viability and/or competitiveness of a pretgd which are part of the aims of eco-
efficiency.

RQ2. Could functional sales serve as a means to increafige of a product while reducing
environmental impact?

The case study opened the gates to a new possilyldonincrease customers’ satisfaction by
introducing FS, in accordance with the resultshailigh the environmental impact could not be
accurately described, it seemed to offer intergsteductions on the environmental impact.
Therefore, proven its economic and technical prability, it can be proposed as an appealing
solution to increase value and/or reduce the enmiemtal impact of a product

RQ3. Is eco-effectiveness an issue to be considered img@reduct/service design according to
the results?

Eco-effectiveness has proven to offer a great séopamprovement of the environmental
impact of the olive oil material flow towards a ragoroactive actuation. With the technology
available, the principles should be applied whessjiie.

RQ4. How applicable is in fact the theory suggestetharesearch to the case study selected?

The results obtained support entirely the thecsiebackground. The case study permitted us to
show the potential of the approaches aforementiddedertheless, an analysis of the feasibility
(both technical and economic) of the alternatives@nted must be carried out to know if they
can be, reasonably, put into practise.

RQ5. Is it possible to apply the evaluation method (MERIgeneral, to other cases?

Two are the key parameters for effective applicatd VERI: nearness to clients and time
availability. To apply the MCA matrix properly, treompany must have eased access to the
customer and their requirements. Also, LCE metlsoib ibe carried out with as much as detail
as possible to be reliable, which involves, esaéintitime and designated personnel. Lack of
proximity to clients and/or time for thorough LCBIlculation reduces VERI's consistency and
applicability.
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6. Conclusions

In this thesis we presented a series of theorigsnaethods, together with a case study for
application and analysis of potential results. Heeeconclude with the following main points.

* |E and FS helped to tackle our case study fromdemperspective.

* FS can offer a new scope to overcome the currerkanproblems of olive oil in region
of Murcia, Spain.

* Reutilisation of waste streams increased producfoenewable energies.

e Application of VERI does not require special tedahiskills and its visual tool may
help to make decision on eco-efficiency.

However

e The viability of the projects has not been proven.
«  We provided scarce accuracy due time constrairtgiata availability.
e Economic implications ought to be addressed.

Therefore, we claim that

* Viability and economic analyses are required in tase study to make ultimate
statements.

* More work is needed to prove the benefits of irdéign of FS and IE to improve eco-
efficiency.

e FS, IE and eco-design have common purposes witbrelift paths, which could be
combined to increase the range of solutions.
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8. Appendix

Appendix |. Summary tableau for application of EI-99 methodology

Concept Description Amount  EI-99 Units req. Result

(A) 1)) (A)*(B)

Production

Subtotal

Use

Subtotal

Disposal

Subtotal

Total
Aggregated
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Appendix Il. Details on Olive Oil production (Spainand Murcia)

Basic data on olive
Olive Production (1)
Olives for Oil production(1)
Olives for consumption(1)
Olive oil production + subproducts

Olive oil production{1)

Extra

Virgen

Lampante
Grapeseed oil (1)
Scoured grapeseed(1)
Turbid matter (1)

Olive Oil Market

Total Olive Oil Available

Olive oil production (1)

Olive oil Importations (2)

Olive oil Exportations (2)
Olive Qil consumption(2)

human consumption (5)

Industrial uses (5)
Olive Qil wasted (not utilised)

Soil Distribution
Agricultural surface (3)
Olive farming surface (3)
Irrigation land (4)
Unirrigated land
Organic Olive Agriculture (4)
Fertilisers
Nitrogen (4)
Phosphorus (4)
Potasium (4)
Phytosanitary Chemicals
Fungicides (4)
Herbicide (4)
Insecticide (4)
others (4)
Water consumption

Use in agriculture (5) (2005}
Vineyard and Olive farming (4) (2006)

Total

(ton/fyear)
5.679.021
5.183.035

495.986 "
(ton/year)
1.092.601
564.323
370,079
158.199
53.246
1.797.315
1.530
{Tonfyear)
1.035.701
1.092.601
67.300
124,800
541,200
540.984
216
494,501
(Ha)

55,000

(kg/Ha)

(kg/Ha)

m3/year

Total (%)

100,0%
91,3%
8,7%

21,1%[

51,6%
33,9%
14,5%
1,0%
34, 7%
0,0%

89,2%
94,1%

5,9%
11,4%
52,3%

47,7%

75,0%
16,9%

Murcia

(ton/fyear)
23.585
22,053
1.532
(ton/year)
4,631

3.334

1.297

463

7277

22
{Tonfyear)

11.403

(Ha)
1.130.567
132.761
397.960
732.608

(kg/Ha)
150
102

m3/year

35,.728.723

Murcia (%

100,0%
93,5%
6,5%

100,0%
72,0%
28,0%

0,0%
2,1%
33,0%
0,1%

246,2%

100,0%
1,2%
25,2%
64,8%

(1) MARM (2006)

(2) 10C (Mowv 2008)

{3) SIGA [Sistema Informacion Geografica Agraria) 2008

{4) MARM [Environmental Profile of Spain, Agriculture Report), 2007
{5) INE [estadisticas e indicadores del agua, Jan 2008)

(5) MARM({2004)

(E)MAPA (Diet in Spain) 2007
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Appendix Ill. Customer differentiation: raw weights given by demanding and non-demanding consumers.

Total average Total average demanding * Total average non demanding **
3 6 NW position| total ~ NW*  position  dif total NW® position  dif
Acidity 0 8 5 10 10 3 9 10 10) 67 0,11 5 39 0,12 2 0,01] 28 0,09 7 -0,01
Applicability 1 10 4 10 9 3 9 8 9| (5] 0,10 6) 30 0,11 4 0,01] 29 0,10 6 -0,01]
Brand 10 5 8 8 6 5 10 10 1(J| n 0,11 3 38 0,11 3 0,00 34 0,11 4 0,00
Quality 10 5 8 10 8 10 10 10 10) 81 0,13 1 40 0,12 1 -0,01] 11 0,14 2 0,01
Proximity 1 1 7 3 75 3 3 7 5 375 0,06 0f 1B 005 0 -00] 195 0,07 g 0,01}
Availability 10 10 10 El 4 10 10 8 7 78 0,12 2) £l 0,10 5 -0,02 M 0,13 1 0,02]
Information 3 7 5 1 75 7 ] 10 g 605 0,10 1 a1 om 8 000 295 0,10 5 0,00}
Type of cantainer 1 1 7 7 3 3 8 10 9 51 0,08 8 34 0,10 5 0,02 17 0,06 10 -0,02)
Appearance 1 1 7 7 5 7 5 8 10) al 0,08 8 30 0,09 9 0,01] 21 0,07 8 -0,01]
I
Env-friendly {**) 5 55 g 3 7 7 10 10 1u| 675 0,11 4 n 0,10 7001 w5 0,12 3 0,0

*demanding: =» 5 criteria are over § points
**non-demanding: <3 criteria are over § points

Appendix IV. Customer differentiation: opinion given by demanding and

option A (top), option B (middle) and option C (botom)

non-demanding consumers for

_ opfonAaentsiuation | Tota demanding * non demanding **
1 2 3 4 5 6 7 8 9 total RSav dif total RS* dif total  RS** dif
Acidity 10 10 10 10 10 10 10 10 10) 90 10,00 0,00 40 10,00 0,00 50 10,00 0,00
Applicability 10 9 10 9 10 10 10 10 10) 88 9,78 0,00 39 9,75 -0,03 9 9,80 0,02
Brand 10 8 8 9 10 10 9 10 10j 84 9,33 0,00 38 9,50 0,17 46 9,20 -0,13}
Quality 8 9 8 10 10 9 9 9 9 81 9,00 0,00 37 9,25 0,25 4 8,80 -0,20}
Proximity 10 10 6 9 10 9 9 8 9 80 8,389 0,00 35 875 -0,14f 45 9,00 0,11]
Availability 10 10 9 10 10 8 7 10 9 8 9,22 0,00 36 9,00 -0,22 47 9,40 0,18
Information 3 2 2 5 2,5 4 3 4 7 32,5 3,61 0,00 19 475 1,14 13,5 2,70 -0,914
Type of container 9 9 8 7 10 9 9 9 9) Vel 878 0,00 34 8,50 -0,28} 45 9,00 0,22
Appearance 10 10 10 10 10 10 10 10 9 89 9,89 0,00 39 9,75 -0,144 50 10,00 0,11]
0,00 0,00 0,00 0,00
Env-friendly (**) -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,04 -0,37 -0,04 0,00 -0,16 -0,04 0,00 -0,21 -0,04 0,00
__ optionB:enhancing delivery/collection with functionalsales | Tota demanding * non demanding *
1 2 3 4 5 6 7 8 9| total RSav dif total RS* dif total RS** dif
Acidity 10 10 10 10 10 10 10 10 10] ] 10,00 0,00 40 10,00 0,00} 50 10,00 0,00
Applicability 10 9,5 10 10 10 10 10 10 10] 89,5 9,94 0,00 40 10,00 0,06} 49,5 9,90 -0,04
Brand 7 9 10 9 10 10 9 8 8 80 8,89 0,00 34 8,50 -0,39 46 9,20 0,31
Quality 10 9 10 10 10 10 10 9 9 87 9,67 0,00 38 9,50 -0,17 49 9,80 0,13
Proximity 10 10 10 10 10 10 10 10 10] ] 10,00 0,00 40 10,00 0,00} 50 10,00 0,00
Availability 10 10 10 10 10 10 10 10 10] ] 10,00 0,00 40 10,00 0,00} 50 10,00 0,00
Information 10 10 10 10 10 10 10 10 10] 0 10,00 0,00 40 10,00 0,00} 50 10,00 0,00
Type of container 10 10 10 10 10 10 10 10 10] 90 10,00 0,00 40 10,00 0,00} 50 10,00 0,00
Appearance 10 10 10 10 10 10 10 10 10 90 10,00 0,00 40 10,00 0,00} 50 10,00 0,00
Env-friendly (**) 5,6 5,6 5,6 5,6 5,6 5,6 5,6 5,6 5,6 50,1 5,6 0,0 22,2 56 0,0| 27,8 56 0,0
_ OptionC:enhancing delivery/collection and reycling ofmaterials | Tota demanding* non demanding *
1 2 3 4 5 6 7 8 9 total RSav dif total RS* dif total RS** dif
Acidity 10 10 10 10 10 10 10 10 10) 90 10,00 0,00} 40 10,00 0,00 50 10,00 0,00
Applicability 10 9,5 10 10 10 10 10 10 10) 89,5 9,94 0,00} 40 10,00 0,06 49,5 9,90 -0,04
Brand 7 9 10 9 10 10 9 8 8 80 8,89 0,00} 34 8,50 -0,39 46 9,20 0,31
Quality 10 9 10 10 10 10 10 9 9 87 9,67 0,00} 38 9,50 -0,17) 49 9,80 0,13
Proximity 10 10 10 10 10 10 10 10 10] 90 10,00 0,00} 40 10,00 0,00 50 10,00 0,00
Availability 10 10 10 10 10 10 10 10 10] 90 10,00 0,00} 40 10,00 0,00 50 10,00 0,00
Information 10 10 10 10 10 10 10 10 10] 90 10,00 0,00} 40 10,00 0,00 50 10,00 0,00
Type of container 10 10 10 10 10 10 10 10 10) 90 10,00 0,00 40 10,00 0,00 50 10,00 0,00
Appearance 10 10 10 10 10 10 10 10 10j 90 10,00 0,00 40 10,00 0,00 50 10,00 0,00
Env-friendly (**) 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0 10,0} 90 10,00 0,00 40 10,00 0,00 50 10,00 0,00

*demanding: == 5 criteria are over 8 points
**non-demanding: <5 criteria are over 8 points
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