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Introduction

Goal and objectives

The goal of this diploma dissertation is to review different approaches, frameworks and tools 

in the area of design for sustainability. Design for sustainability is an emergent field in design and 

thus it is important to inform the readers about these emerging ideas, translate frameworks with 

different backgrounds and disciples into design and aid him to choose the most appropriate for the 

design process adopted by creating a theoretical framework and taxonomy that can ease the burden 

of choice. This is achieved by taxonomizing these aforementioned frameworks introducing and 

stressing the distinction between eco-effective and eco-efficient  approaches.

At the same time the goal of this diploma dissertation is not to guide the reader towards one 

approach on sustainability but to act as a introduction to any designer interested in design for 

sustainability. This is achieved by opening new nodes throughout the passage, aiding the readers on 

finding bibliography that fits their understanding of design for sustainability. At the same time an 

attempt is made to create a theoretical tool that can be used to taxonomize and compare existing 

frameworks associated with design for sustainability. The hope is that the taxonomy created now, 

will be sufficiently robust to compare existing frameworks associated with design for sustainability 

as well as new frameworks that are likely to emerge in the future. 

Scope and Content

This diploma dissertation attempts to cover the field of sustainability with emphasis on 

product design. In order to create a rich picture frameworks associated with business and methods 

of manufacturing have also been analyzed since both can create many restrictions when designing 

for manufacture. All the major frameworks associated with design with sustainability have been 

taken into account (to the extent that the author is aware of their existence). 

The structural principles used to create a basis on which we can compare frameworks is a 

purely theoretical tool. Due to it's theoretical nature it fails to offer any practical conclusions that 

could be reached by using the frameworks. It has been our inclination to approach a design problem 

using different frameworks. By undertaking the same project using different tools we would be able 

to heuristically evaluate these frameworks. However,such an undertaking exceeds the brief for a 
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diploma dissertation, and we put forward an educational tool, that helps interested parties evaluate 

what is useful for them and choose an approach. In this fashion the theoretical tool should be more 

than enough to evaluate and choose an approach 

A non-critical approach was adopted for three reasons. Firstly it is difficult to approach a 

phenomenon that is in action and judge it, we prefer to understand and participate in forming it 

giving the characteristics that we believe are required. Also a critical review is a scientific process 

that demands a high degree of confidence, knowledge and experience and it would be impossible to 

achieve satisfactory results. Finally in order to be able to judge the frameworks it would be unfair 

not to use them and judge them on the success of the projects.

Thesis outline

In the first chapter different definitions of sustainability and it approached by using an 

Hengelian dipole and by using the wicked problem methodology. This is followed by a discussion 

of the historical reasons behind the unsustainability of human development and how the 

phycological  positions in today's society (radical hedonism and unlimeted egotism) drive our 

society to be based around Having and not Being. The first being unsustainable and the latter 

sustainable.

In the second chapter the most acclaimed frameworks of design for sustainability are 

analyzed by disusing their main principles and the tools they offer with an emphasis to product 

design. 

In the third chapter a taxonomy of these frameworks is attempted by looking into principles 

displayed by the majority of these frameworks. Using these frameworks and the definitions adopted 

in the first chapter a set of "structural" principles is synthesized. At the same time a taxinomisis in a 

Cartesian system is proposed, using eco effective - eco efficient as a horizontal axis and cyclic - 

linear life cycle as the  vertical axis.
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Περίληψη

Η παρούσα Δ.Ε. έχει ως στόχο την επισκόπηση διαφορετικών προσεγγίσεων, πλαισίων και 

εργαλείων στο χώρο της σχεδίασης για αειφορία. Η διαδικασία επισκόπησης συμπεριλαμβάνει και 

την μεταφορά εννοιών ξένων στη σχεδίαση, σε όρους και εργαλεία που έχουν χρηστική άξια για 

τους σχεδιαστές. Ταυτόχρονα, σκοπός είναι να οδηγηθεί ο αναγνώστης σε μια βαθύτερη κατανόηση 

της σχεδίασης για αειφορία προσφέροντάς του ταυτόχρονα βιβλιογραφία ώστε να προχωρήσει σε 

πιο βαθιά μελέτη των πλευρών της αειφορίας που τον ενδιαφέρουν. Τέλος γίνεται προσπάθεια 

δημιουργίας μιας λογικής βάσης πάνω στην οποία μπορούν διαφορετικά πλαίσια επί της σχεδίασης 

για αειφορία, τόσο υπάρχοντα όσο και μελλοντικά, να συγκριθούν σε θεωρητικό επίπεδο.

Τι είναι όμως η αειφορία; Η πρώτη έκφανση της αειφορίας ήταν αυτή της αειφόρου 

κοινωνίας (sustainable society) που χρησιμοποιήθηκε το 1974 από το παγκόσμιο συμβούλιο 

εκκλησιών (World Council of Churches) και οριζόταν ως εξής:

“Πρώτον, κοινωνική σταθερότητα δεν είναι δυνατόν να πραγματοποιηθεί δίχως μια δίκαιη κατανομή 

των πόρων και χωρίς ίσες δυνατότητες συμμετοχής στη λήψη αποφάσεων. Δεύτερον, μια εύρυθμη 

κοινωνία δεν θα είναι αειφόρα αν η ανάγκη για τρόφιμα, ανά πάσα στιγμή, δεν είναι μικρότερη από 

την δυνατότητα της παγκόσμιας παράγωγης, και ταυτόχρονα ο ρυθμός παραγωγής ρύπων είναι  

μικρότερος από τον ρυθμό απορρόφησής τους. Τρίτον, αυτό το νέο κοινωνικό κατασκεύασμα θα είναι  

αειφόρο για όσο καιρό ο ρυθμός χρήση μη ανανεώσιμων πηγών (ενέργειας και αγαθών) δεν ξεπερνά 

τον ρυθμό αύξησης τους λόγω της τεχνολογικής προόδου. Τέλος, μια αειφόρος κοινωνία απαιτεί η  

κλίμακα της ανθρώπινης δραστηριότητας να είναι τέτοια ώστε να μην επηρεάζει αρνητικά το 

παγκόσμιο κλίμα.”

Η έννοια της αειφόρου κοινωνίας μετατράπηκε σε αυτή της αειφόρου ανάπτυξης 

(sustainable development) που πρωτοεμφανίστηκε το 1980 στην πρώτη Παγκόσμια Στρατηγική για 

την Διατήρηση η οποία δημοσιεύτηκε από την Παγκόσμια Ένωση Διατήρησης (World 

Conservation Union) και η οποία αναγνώριζε ως στόχους τη διατήρηση των βασικών οικολογικών 

διαδικασιών, τη διαφύλαξη της γενετικής ποικιλότητας και τη βιώσιμη χρήση των πόρων. Σύμφωνα 

με αυτό τον ορισμό, αειφόρος ανάπτυξη είναι η διατήρηση των απαραίτητων οικολογικών 

διαδικασιών και συστημάτων υποστήριξης της ζωής, η διατήρηση της βιοποικιλότητας και η 

βιώσιμη εκμετάλλευση των ειδών και των οικοσυστημάτων

Αργότερα, η Παγκόσμια Επιτροπή για το Περιβάλλον και την Ανάπτυξη όρισε πως αειφόρος 

ανάπτυξη είναι: "Η ανάπτυξη που ικανοποιεί τις ανάγκες του παρόντος χωρίς να κάνει  
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συμβιβασμούς ως προς την ικανότητα των μελλοντικών γενεών να ικανοποιήσουν τις δικές τους" 

(W.C.E.D., 1987). Αυτός ο ορισμός πάσχει λόγω του γεγονότος πως είναι πολύ πλατύς και μπορεί 

να περιλαμβάνει πολλά διαφορετικά πράγματα και στρατηγικές. Η αειφορία είναι ένας όρος ο 

οποίος είναι αόριστος καθώς έχει διαφορετικά χαρακτηριστικά ανάλογα με το πλαίσιο στο οποίο 

τον ορίζουμε. Τέτοιου τύπου έννοιες είναι πολύ πιο εύκολο να οριστούν και να αναλυθούν 

χρησιμοποιώντας την έννοια του ακανθώδους προβλήματος ( wicked problem) η οποία προτάθηκε 

από τον Horst Rittel το 1974. Ένα ακανθώδες πρόβλημα ορίζεται ως: “Ένα είδος προβλημάτων που 

σχετίζονται με το κοινωνικό σύστημα, είναι κακώς ορισμένα, η πληροφορία για αυτά προκαλεί  

σύγχυση, με παρουσία πολλών πελατών και ληπτών αποφάσεων με διαφορετικές άξιες και με  

περίπλοκες συσχετίσεις στο εσωτερικό του προβλήματος”. Ο Rittel αναγνωρίζει δέκα 

χαρακτηριστικά των ακανθωδών προβλημάτων:

• Δεν υπάρχει ορισμός του προβλήματος (ο ορισμός του προβλήματος αποτελεί ο ίδιος ένα 

ακανθώδες πρόβλημα)

• Δεν υπάρχει κανόνας παύσης

• Η μορφή των λύσεων δεν είναι “ΑΛΗΘΕΣ” - “ΨΕΥΔΕΣ” αλλά καλύτερη ή χειρότερη

• Δεν υπάρχει άμεση ή μόνιμη λύση

• Κάθε λύση είναι μονοσήμαντη καθώς είναι αδύνατο να αποκτηθεί γνώση μέσω δοκιμών

• Κάθε ακανθώδες πρόβλημα είναι μοναδικό

• Κάθε ακανθώδες πρόβλημα μπορεί να θεωρηθεί σύμπτωμα άλλου προβλήματος

• Ο σχεδιαστής δεν έχει δικαίωμα να κάνει λάθος

• Ασυνέχειες στην μοντελοποίηση του προβλήματος μπορούν να εξηγηθούν με διαφορετικούς 

τρόπους. Η εξήγηση που θα υιοθετηθεί επηρεάζει τον τρόπο επίλυσης.

• Τα ακανθώδη προβλήματα δεν έχουν πεπερασμένο αριθμό λύσεων ή πιθανών καταστάσεων.

Ένα θέμα ακόμα που έχει σχέση με την αειφορία είναι το ερώτημα αν ο μηδενισμός της μη-

αειφορίας (unsustainability) είναι ικανός να προκαλέσει την ανάδυση αειφορίας. Σύμφωνα με τον 

John Ehrenfeld όχι, και για αυτόν τον λόγο κάθε κίνηση που σκοπεύει στην μείωσης της μη-

αειφορίας είναι καταδικασμένη να μην προκαλέσει την ανάδυση αειφορίας. Το παραπάνω είναι μια 

πολύ χρήσιμη θέση καθώς μας επιτρέπει να δημιουργήσουμε ένα διαλεκτικό δίπολο το όποιο 

επιτρέπει την σύνθεση νέων θέσεων ανάμεσα στις δύο ακραίες θέσεις (θέση – αντίθεση). 

Ταυτόχρονα, η θέση του Ehrenfeld συμβαδίζει κατά κάποιο τρόπο με αυτή του Oscar Wilde 

ο οποίος καταδικάζει τον θεσμό της φιλανθρωπίας καθώς “Είναι ανήθικο και άδικο να 

χρησιμοποιούμε τον θεσμό της ιδιοκτησίας προκειμένου να ελαφρύνουμε τους πάσχοντες από τα 

αρνητικά της”. Ο Zizec αναγνωρίζει πως ο νεοφιλελεύθερος καπιταλισμός, έτσι όπως 
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μετασχηματίστηκε μετά τον Μάη του 68, ακολουθεί την ίδια στάση καθώς κάθε “πράσινη” κίνηση 

αποτελεί κίνηση “φιλανθρωπίας” προς τον πλανήτη. Πρέπει λοιπόν, σύμφωνα με τα παραπάνω, να 

κινηθούμε προς νέες καινοτόμες λύσεις προκειμένου να αναδυθεί αειφορία και όχι άπλα να 

στοχεύουμε να κάνουμε τις υπάρχουσες λύσεις ποιο φιλικές προς το περιβάλλον.

Ένα σημαντικό θέμα που προκύπτει είναι η αναζήτηση των γενεσιουργών αιτιών της 

σημερινής μη αιεφόρου κοινωνίας. Δύο βασικοί παράγοντες είναι υπεύθυνοι για αυτό, ο πρώτος 

έχει να κάνει με τον τρόπο που βλέπουμε το περιβάλλον, και ο δεύτερος με το πώς βλέπουμε τον 

εαυτό μας σε σχέση με αυτό. Το πρώτο ζήτημα που κάνει τον άνθρωπο να έχει μη ορθολογική 

συμπεριφορά είναι το ζήτημα των ορίων. Μέχρι την δεκαετία του 1960 η οπτική του ανθρώπου 

ήταν πως πάντα θα υπάρχει ένα “αλλού” στο οποίο θα μπορεί να πετάξει τα απόβλητά του ή να 

βρει νέες πήγες πρώτων υλών. Αυτή η οπτική επιδεινώθηκε κατά την διάρκεια της βιομηχανικής 

επανάστασης καθώς η Μηχανή βοήθησε τον άνθρωπο να ξεπεράσει επανειλημμένα τα όρια 

παραγωγής τόσο τροφίμων όσο και αγαθών κάνοντάς τον να πιστέψει ότι η ανάπτυξη θα συνεχίσει 

για πάντα και πως η τεχνολογία θα είναι πάντα ικανή να βρει την λύση και “πιέσει” ακόμα πιο πέρα 

τα όρια. Μέσα σε αυτήν τη λογική το περιβάλλον είχε το ρόλο του κτήνους που έπρεπε να μπει στο 

ζυγό προκειμένου να υπηρετήσει τον άνθρωπο.

Αυτή η λογική άρχισε να αλλάζει στις αρχές της δεκαετίας του εξήντα. Το πρώτο μεγάλο 

πλήγμα ήταν όταν το 1962 ανακαλύφθηκαν ίχνη του παρασιτοκτόνων DTT σε αυγά πιγκουίνων 

στην ανταρκτική, ταυτόχρονα η ανακάλυψη της τρύπας του όζοντος αλλά και η επιτυχής αποστολή 

του Απόλλων ΙΙ στο φεγγάρι έκαναν την ανθρωπότητα να κατανοήσει τα όρια του “γαλάζιου 

σβόλου” πάνω στον οποίο κατοικεί και να αρχίσει να δρα προκειμένου να διαφυλάξει το 

περιβάλλον και κατ' επέκταση την επιβίωσή του. Το 1972 η Ομάδα της Ρώμης (Club of Rome) 

εξέδωσε την αναφορά «Τα Όρια της Μεγέθυνσης» (The Limits to Growth) για την κατάσταση του 

φυσικού περιβάλλοντος του πλανήτη. Η αναφορά αυτή αποτελούσε μια προσομοίωση σε Η/Υ 

διαφορετικών μεταβλητών με σκοπό να προβλεφθεί πότε θα αρχίσουν να τελειώνουν οι φυσικοί 

πόροι. Η αναφορά ενστερνιζόταν τη θέση ότι η άσχημη κατάσταση των πεπερασμένων πόρων ήταν 

αποτέλεσμα της εκθετικής μεγέθυνσης του παγκόσμιου πληθυσμού, της εξάντλησης των φυσικών 

πόρων, και της περιβαλλοντικής ρύπανσης. Όταν η προσομοίωση “έτρεξε” με μηδενική αύξηση 

του πληθυσμού, μηδενική αύξηση του οικονομικού κεφαλαίου και αύξηση της αποδοτικότητας της 

τεχνολογίας κατά έναν παράγοντα τέσσερα, σταθεροποιούνταν σε ένα ευρωπαϊκό επίπεδο ζωής 

κατέληγε συνεπώς πως “είναι δυνατόν να αλλάξουμε τους ρυθμούς ανάπτυξης και να 

εγκαθιδρύσουμε μια κατάσταση οικονομικής και οικολογικής σταθερότητας βιώσιμη στο μέλλον”

Ο δεύτερος λόγος πίσω από την κατάσταση της σημερινής μη-αειφόρου κοινωνίας 

βρίσκεται στην διάκριση του “Είναι” και του “Έχειν” ως τρόπους ύπαρξης. Το παραπάνω γεγονός 
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είναι προφανές αν παρατηρήσουμε πόσο σημαντικό είναι το ρήμα “έχω” και πως ελάχιστες 

προτάσεις συντάσσονται υποκείμενο-ρήμα-υποκείμενο αλλά υποκείμενο-ρήμα-αντικείμενο. 

Σύμφωνα με τον Erich Fromm το “Έχειν” βασίζεται σε δυο βασικές ψυχολογικές καταστάσεις. Η 

πρώτη είναι το γεγονός πως σκοπός της ζωής είναι η ευτυχία η οποία προέρχεται από την 

μεγιστοποίηση της ηδονής η οποία προέρχεται από την ικανοποίηση κάθε υποκειμενικής ανάγκης 

του ατόμου (ριζικός ηδονισμός – radical hedonism) έχει υιοθετηθεί ως βασική κατάσταση της 

ανθρωπότητας. Ταυτόχρονα ο χωρίς όρια εγωισμός που αποτελεί ψυχολογικό χαρακτηριστικό τις 

σημερινής κοινωνίας. Όσο το κοινωνικό σύστημα βασίζεται στην χωρίς όρια κατανάλωση, θα 

αναδύεται εγωιστική συμπεριφορά, λόγω της ύπαρξης ορίων. Ταυτόχρονα, λόγω του εγωισμού 

δημιουργείται ταξικός πόλεμος ο οποίος με τη σειρά του προκαλεί διακρατικές διενέξεις.

Η ύπαρξη με βάση το Έχειν βασίζεται σε αυτά τα δυο ψυχολογικά χαρακτηριστικά. Η 

ύπαρξη αναγνωρίζεται μέσω της ιδιοκτησίας. Είμαι Χ με το Χ να είναι ίσο με το άθροισμα των 

αγαθών που μου ανήκουν, τόσο πραγματικά όσο και ιδεατά. Αντίθετα η ύπαρξη μέσω του «είναι» 

είναι μια συνεχόμενη εμπειρία μέσω αλληλεπίδρασης με άλλα υποκείμενα. Γενικότερα, είναι 

δύσκολο να φανταστούμε πώς είναι το να υπάρχεις με βάση το είναι άλλα υπάρχουν παραδείγματα 

φυλλών (π.χ. Εσκιμώοι) για τους οποίους τα αντικείμενα αποτελούν προέκταση του είναι.

Βασιζόμενοι στο γεγονός πως η ύπαρξη με βάση το Έχειν χαρακτηρίζεται από τα στάδια: 

«θέληση απόκτησης ενός αγαθού – απόκτηση αγαθού – ικανοποίηση- το αγαθό γίνεται τετριμμένο 

για τον χρήστη- νέα θέληση απόκτησης αγαθού», ο κύκλος αυτός είναι όμοιος με τη συμπεριφορά 

κάποιου εθισμένου σε χημικές ουσίες. Αντίθετα η ύπαρξη με βάση το είναι αποτελεί μια 

συνεχόμενη και σταθερή εμπειρία.

Η σύνδεση της αειφορίας με τη σχεδίαση είναι πολύ σημαντική καθώς ένα μεγάλο μέρος 

της μη-αειφορίας θα μπορούσε να αποφευχθεί αν οι σχεδιαστές γνώριζαν τι ακριβώς πρέπει να 

λάβουν υπόψη κατά τη σχεδιαστική διεργασία προκειμένου να αυξήσουν τις πιθανότητες ανάδυσης 

αειφορίας. Ταυτόχρονα, οι σχεδιαστές οφείλουν να είναι οι κοινωνοί αυτής της κοινωνικής 

μετάπτωσης μέσω του λειτουργήματός τους, τόσο ως ελεύθεροι επαγγελματίες όσο και ως μέλη σε 

έναν ευρύτερο οργανισμό. Προκειμένου να υποβοηθηθούν οι σχεδιαστές έχουν δημιουργήσει 

διάφορα πλαίσια σχεδίασης για αειφορία. Η παρούσα διπλωματική αναλύει τα επτά πιο σημαντικά.

Το cradle to cradle (C2C) είναι ένα πλαίσιο σχεδίασης  για αειφορία που αναπτύχθηκε από 

τους Braungart και McDonough και το οποίο εντοπίζει ως κύριο σημείο αλλαγής την παραγωγική 

διαδικασία. Οι συγγραφείς θεωρούν πως είναι δυνατόν να περάσουμε από το σημερινό  μοντέλο παραγωγής 

το οποίο:

• Εισάγει δισεκατομμύρια κιλά τοξικών ουσιών στην ατμόσφαιρα, λιθόσφαιρα και υδροφόρο ορίζοντα
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• Παράγει υλικά τόσο επικίνδυνα που απαιτούν συνεχές έλεγχο από τις μελλοντικές γενιές.

• Προκαλεί τεράστια σπατάλη σε υλικά και ενέργεια

• Θάβει χρήσιμα υλικά που θα μπορούσαν να ξαναχρησιμοποιηθούν

• Απαιτεί την δημιουργία περίπλοκων κανόνων προκειμένου να μειώσει τον ρυθμό δηλητηρίασης 

ανθρώπου και οικοσυστημάτων

• Δημιουργεί ανάπτυξη καταστρέφοντας φυσικά αγαθά

• Μειώνει την βιοποικιλότητα αλλά και την κοινωνική ποικιλία

Αντίθετα το σύστημα στο οποίο στοχεύουμε  οφείλει να αποτελείται από:

• Εργοστάσια που καθαρίζουν το φυσικό περιβάλλον

• Κτίρια που λειτουργούν σαν δέντρα, είναι δηλαδή παραγωγοί ενέργειας, φιλτράρουν τα απόβλητά 

τους και τα ελευθερώνουν αργά σε ακίνδυνη μορφή

• Προϊόντα που στο τέλος της χρηστικής ζωής τους δεν μετατρέπονται σε σαβούρα αλλά μπορούν 

απλά να πέσουν στο έδαφος να αποδομηθούν και να αποτελέσουν τροφή για άλλους οργανισμούς, ή 

μπορούν να επιστρέψουν σε έναν βιομηχανικό κύκλο ώστε να αποτελέσουν πρώτες ύλες για νέα 

προϊόντα

Προκειμένου να επιτευχθεί αυτό προτείνουν τις εξής  αρχές

1. Σκουπίδι = Φαγητό (Waste Equals Food): Σύμφωνα με αυτή την αρχή οφείλουμε να 

εξαφανίσουμε την έννοια του σκουπιδιού και ταυτόχρονα να πάψουν να χρησιμοποιούνται 

χημικά βλαβερά προς τον άνθρωπο και το περιβάλλον. Προκειμένου να επιτευχθεί αυτό 

προτείνεται η δημιουργία δύο “μεταβολισμών”, κλειστών κύκλων δηλαδή από τους οποίους 

θα είναι αδύνατον να ξεφύγουν. Ο πρώτος μεταβολισμός ονομάζεται βιολογικός. Τα υλικά 

σε αυτόν τον βρόγχο μπορούν άπλα να πέσουν στη γη και να αποδομηθούν ώστε να 

αποτελέσουν τροφή για φυτά, επιστρέφοντας έτσι τα χρήσιμα συστατικά στη φύση. Τα 

υλικά στην δεύτερη κατηγορία είναι ανακυκλώσιμα μέταλλα και πλαστικά τα οποία είναι 

κλεισμένα σε ένα συνεχόμενο κύκλο ανακύκλωσης και δεν καταλήγουν πότε ελεύθερα στο 

περιβάλλον. Αυτός ο μεταβολισμός ονομάζεται τεχνικός.

Από τα παραπάνω κατανοούμε πως είναι αδύνατον να έχουμε υβριδικά υλικά, υλικά δηλαδή 

που αποτελούνται από υλικά διαφορετικών μεταβολισμών. Τέτοιου τύπου υλικά ονομάζονται 

“τερατώδη υβρίδια” καθώς είναι αδύνατον να χωριστούν τα υλικά από τα οποία αποτελούνται με 

αποτέλεσμα στην καλύτερη περίπτωση να ανακυκλωθεί ένα χαμηλότερης ποιότητας προϊόν ή απλά 

να καταλήξει σε μια χωματερή διότι το κόστος ανακύκλωσης είναι ασύμφορο. Τέλος οι συγγραφείς 

αναγνωρίζουν πως υπάρχει μια κατηγορία υλικών τα οποία δεν μπορούν λόγω της επικινδυνότητας 

τους να ανήκουν σε κανέναν από τους δύο μεταβολισμούς και για αυτό πρέπει να αποθηκευτούν 

μέχρις ότου να ανακαλυφθεί ένας ασφαλής τρόπος διαχείρισής τους(πχ. PVC ή πυρηνικά 

12



απόβλητα) .

2. Οικο-Αποτελεσματικότητα (Eco-Effectiveness): Η οικο-αποτελεσματικότητα πάει ένα βήμα 

παραπέρα από την μείωση των αντίκτυπων στο περιβάλλον και τη χρήση υλικού (οικο-

αποδοτικότητα). Αντιτάσσει στη συνεχή μείωση μια νέα οπτική η οποία δεν βασίζεται στο 

“πώς μπορώ να πετύχω περισσότερα χρησιμοποιώντας λιγότερα;” αλλά στο “πώς μπορώ να 

χρησιμοποιήσω όσα θέλω άλλα να μην καταστρέψω το περιβάλλον”. Όπως η φύση παράγει 

περισσότερα από όσα χρειάζεται χωρίς ταυτόχρονα να προκαλεί ζημιά στο οικοσύστημα 

έτσι οφείλουν και τα ανθρώπινα κατασκευάσματα να είναι πλούσια και ταυτόχρονα να 

έχουν θετικό αντίκτυπο στο περιβάλλον. Αυτή η προσέγγιση είναι ανάλογη με αυτή της 

αιεφορία μη-αειφορίας. Ο στόχος δεν είναι η συνεχής μείωση του αρνητικού αντίκτυπου της 

ανθρώπινης δραστηριότητας αλλά η μετάπτωση σε ένα σύστημα το οποίο αξιωματικά δεν 

έχει αρνητικούς αντίκτυπους.

3. Κυκλικός κύκλος ζωής (Cradle to Cradle Life cycle) :Όπως είδαμε και παραπάνω προκειμένου να 

πραγματοποιηθεί η μετάπτωση σε ένα νέο σύστημα παραγωγής και κατανάλωσης πρέπει να 

φύγουμε από τον γραμμικό κύκλο ζωής που χαρακτηρίζει την πλειονότητα των τεχνουργημάτων που 

χρησιμοποιούμε και να μεταβούμε σε έναν που θα χαρακτηρίζεται από τους δύο μεταβολισμούς 

(βιολογικό και τεχνικό) που είδαμε νωρίτερα. Προκειμένου να επιτευχθεί αυτός ο στόχος όμως είναι 

αναγκαίο να χρησιμοποιήσουμε το ηλιακό μας εισόδημα, Την ενέργεια, δηλαδή, που προέρχεται από 

ανανεώσιμες πηγές όπως ηλιακή αιολική κ.ά. Έτσι θα είναι δυνατή η ανακύκλωση όλων των υλικών 

που απαιτούνται για την ανακύκλωση των υλικών που ανήκουν στον τεχνικό μεταβολισμό.

Ταυτόχρονα έχει δημιουργηθεί και μια διαδικασία πιστοποίησης προϊόντων με βάση αυτές τις αρχές

To επόμενο πλαίσιο επί της αειφορίας είναι η βιο-μίμηση ( biomimicry) . Αναπτύχθηκε το 

1997 και ορίζεται ως “Μια νέα επιστήμη η οποία μελετάει φυσικά μοντέλα και κατόπιν αντιγράφει ή 

αντλεί έμπνευση από αυτές τις διεργασίες ή σχέδια προκείμενου να λυθούν προβλήματα ανθρώπινης 

δραστηριότητας”. Οφείλουμε να σημειώσουμε εδώ πως η βιο-μίμηση δεν είναι ένα αυστηρό 

πλαίσιο άλλα μια προσέγγιση ή οποία υποβοηθάει στην ανάδυση αειφορίας. Σύμφωνα με την βιο-

μίμηση η φύση μπορεί να έχει τρεις διαφορετικούς ρόλους κατά την σχεδιαστική διεργασία: 

Μπορεί να είναι το μοντέλο το οποίο προσπαθούμε να μιμηθούμε, μπορεί να είναι η βάση πάνω 

στην οποία συγκρίνουμε τα αποτελέσματα της σχεδίασής μας ή μπορεί να λάβει τον ρόλο του 

μέντορα ο οποίος θα μας διδάξει πώς να παράξουμε πιο πράσινα προϊόντα. Οι έξι βασικές αρχές της 

βιο-μίμησης έχουν ως εξής:

Εξέλιξη για επιβίωση: Σύμφωνα με αυτή την αρχή οφείλουμε να ενσωματώνουμε νέες 
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πληροφορίες και διαταραχές προκειμένου να διασφαλιστεί η συνεχεία της λειτουργίας του 

συστήματος

Αποδοτικότητα: Σύμφωνα με αυτή την αρχή οφείλουμε να πραγματοποιούμε ορθολογική χρήση 

των τοπικά διαθέσιμων μορφών ενέργειας και υλικών,

Προσαρμογή σε νέες συνθήκες: Σύμφωνα με αυτή την αρχή οφείλουμε να λαμβάνουμε υπόψη 

κάθε αλλαγή που συμβαίνει στο περιβάλλον και να αλλάζουμε κατάλληλα ανάλογα με τυχόν 

ευκαιρίες ή κινδύνους που εμφανίζονται.

Ενσωμάτωση οικονομικής ανάπτυξης στην βιολογική ανάπτυξη:  Σύμφωνα με αυτή την αρχή 

οφείλουμε να υιοθετούμε στρατηγικές που θα υποβοηθούν τόσο την οικονομική όσο και την 

βιολογική ανάπτυξη

Τοπικά συντονισμένη και υπεύθυνη σχεδίαση: Σύμφωνα με αυτή την αρχή οφείλουμε να 

ταιριάζουμε τη σχεδίαση στο τοπικό πλαίσιο που μας περιβάλλει. Αυτή η αρχή αφορά τόσο τις 

πηγές πρώτων υλών αλλά και την τοπική κουλτούρα.

Χρήση χημείας φιλική στη Ζωή: Σύμφωνα με αυτή την αρχή οφείλουμε να χρησιμοποιούμε 

χημικές διαδικασίες οι οποίες είναι φιλικές προς τη ζωή. Όπως η φύση μπορούμε να 

παράγουμε υλικά στο νερό χωρίς την βιομηχανική διαδικασία η οποία απαιτεί υψηλές 

θερμοκρασίες και πιέσεις καθώς και τη χρήση επικίνδυνων χημικών ουσιών. Αντίθετα, η φύση 

παράγει υλικά με καλύτερα χαρακτηριστικά σε ακίνδυνες και φυσικές συνθήκες

Προκειμένου να υποβοηθήσει την σχεδιαστική διεργασία δημιουργήθηκε η σπείρα 

σχεδίασης. Αυτό το εργαλείο έχει σκοπό να υποβοηθήσει τον σχεδιαστή που επιθυμεί να προσθέσει 

στοιχειά βιο-μίμησης στην σχεδίαση. Είναι ένα κυκλικό μοντέλο το οποίο μπορεί είτε να 

αντικαταστήσει την κλασική σχεδιαστική διαδικασία ή να αποτελέσει ένα από τα εργαλεία που 

χρησιμοποιούνται στα μεσαία στάδια της σχεδιαστικής διεργασίας. Τα πέντε βήματα είναι τα εξής:. 
Discover - Emulate - Evaluate - Distill – Translate. Η διαδικασία αυτή είναι κυκλική.

Το επόμενο πλαίσιο αειφορίας που αναλύεται στην παρούσα διπλωματική είναι ο “Φυσικός 

Καπιταλισμός” (natural capitalism). Το πλαίσιο αναγνωρίζει ως σημαντικότερο σημείο μετάπτωσης 

την αναγνώριση της οικονομικής άξιας των φυσικών πόρων και κοινωνικών αξιών με τρόπο τέτοιο 

που θα αναγκάσει τον κλασικό καπιταλισμό να μεταλλαχθεί προς μια κατεύθυνση προς την 

αειφορία. Το πλαίσιο αναγνωρίζει τέσσερα είδη κεφαλαίου:

1. Ανθρώπινο κεφάλαιο: Αποτελείται από τις ανθρώπινες γνώσεις και ικανότητες καθώς και 

τα προσόντα που αποκτάει κάποιος μέσω εκπαίδευσης και εμπειρίας

2. Οικονομικό κεφάλαιο: Αποτελείται από χρήματα και άλλου τύπου χρηματιστηριακά 
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προϊόντα (π.χ μετοχές – ομόλογα). Είναι η βασική μετρική αξίας κάθε άλλου είδους 

κεφαλαίου καθώς και της αποτελεσματικότητας ενός οργανισμού.

1. Κατασκευασμένο κεφάλαιο: Αποτελείται από όλα τα μέσα παραγωγής καθώς και όλες τις 

πρώτες ύλες που δεν προέρχονται κατευθείαν από τη φύση. Επίσης, το υπάρχων στοκ 

εντάσσεται σε αυτήν την κατηγορία.

2. Φυσικό κεφάλαιο: Αποτελείται από όλα τα φυσικά συστήματα και απ’ ό,τι είναι ικανά να 

παράξουν. Υπάρχει ανανεώσιμο και μη ανανεώσιμο φυσικό κεφάλαιο. Ορυκτά ή πετρέλαιο 

είναι μη ανανεώσιμα ενώ η βιομάζα ή η ξυλεία είναι ανανεώσιμα. Γενικότερα, το φυσικό 

κεφάλαιο δεν είναι απλά το άθροισμα των στοιχείων της φύσης αλλά ολόκληρο το 

οικοσύστημα.

Προκειμένου να επιτευχθεί αυτή η μετάλλαξη του καπιταλισμού, οι συγγραφείς αναγνωρίζουν 

τέσσερις γραμμικές μεταπτώσεις που πρέπει να συντελεστούν. Αυτή η λογική έχει υιοθετηθεί καθώς οι 

συγγραφείς θεωρούν πως μια ριζική μετάπτωση από τη σημερινή κατάσταση είναι αδύνατη και χρειάζονται 

βήματα προκείμενου να φτάσουμε στην νέα κατάσταση. Κάποιοι θεωρούν πως ο φυσικός καπιταλισμός 

αποτελεί ένα σκαλοπάτι προς την υιοθέτηση πιο ριζοσπαστικών μοντέλων αειφορίας. Τα βήματα που 

προτείνει ο φυσικός καπιταλισμός είναι

Ριζική αύξηση της παραγωγικότητας των φυσικών πόρων (Dramatically increase the productivity of 

natural resources) Η πρώτη μετάπτωση είναι η αύξηση της παραγωγικότητας των φυσικών πόρων. Η 

δυνατότητα να κάνουμε περισσότερα είναι μια συνεχής διαδικασία η οποία άρχισε με την βιομηχανική 

επανάσταση. Αυτή η μετάπτωση δεν εμπεριέχει κάποια ιδιαίτερη καινοτομία άλλα μια επιτάχυνση των 

βελτιώσεων στην βιομηχανική παραγωγή. Αυτό επιτυγχάνεται με τρεις τρόπους: Σχεδίαση ολικών 

συστημάτων, παράκαμψη του ορίου κόστους και υιοθέτηση καινοτόμων τεχνολογιών.

Μετάβαση σε βιολογικά εμπνευσμένα μοντέλα παραγωγής (Shift to biologically inspired production 

models):Η δεύτερη μετάπτωση που πρέπει να συμβεί στο μονοπάτι προς τον φυσικό καπιταλισμό έχει 

να κάνει με την δημιουργία βιολογικά εμπνευσμένων μοντέλων παραγωγής. Όπως είδαμε και σε 

προηγούμενα μοντέλα η βιομηχανική δραστηριότητα είναι η μοναδική μη κυκλική δραστηριότητα στη 

φύση και η έννοια των σκουπιδιών προέρχεται από την γραμμικότητα του κύκλου ζωής των προϊόντων.

Υιοθέτηση της σχεδίασης υπηρεσιών (Move towards a solution based business model): Η τέταρτη 

μετάπτωση έχει να κάνει με την μεταφορά από προϊόντα σε υπηρεσίες. Οι υπηρεσίες έχουν 

σαφώς μικρότερο οικολογικό αποτύπωμα καθώς μειώνουν τον απαιτούμενο όγκο υλικών. Η 

σχεδίαση υπηρεσιών περιλαμβάνει είτε την πλήρη εξάλειψη του φυσικού προϊόντος ή την 

μεταφορά σε ένα σύστημα leasing αντί για ένα σύστημα ιδιοκτησίας.

Επανεπένδυση σε φυσικό κεφάλαιο (Reinvest in natural capital): Η τελευταία μετάπτωση έχει να κάνει με 

την αλλαγή του τρόπου που οι οργανισμοί αντιλαμβάνονται το φυσικό περιβάλλον. Έχει να κάνει με 

την επένδυση κερδών στην διαδικασία αποκατάστασης και διεύρυνσης του φυσικού περιβάλλοντος. Οι 
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συγγραφείς πιστεύουν πως αυτή η προσέγγιση είναι ικανή να δώσει στρατηγικό πλεονέκτημα σε έναν 

οργανισμό σε σχέση με τους ανταγωνιστές του.

Η ολοκληρωμένη ομορφιά (total beauty) είναι ένα ποσοτικό πλαίσιο αξιολόγησης αειφορίας για 

προϊόντα. Σύμφωνα με τον συγγραφέα “οτιδήποτε είναι όμορφο εμπεριέχει αειφορία”. Αναπτύχθηκε από τον 

Edwin Datcheski το 2001 και εμπεριέχει ένα σύστημα βαθμολόγησης διαφορετικών μεταβλητών ενός 

προϊόντος ή μιας υπηρεσίας. Όσο υψηλότερος ο βαθμός ενός προϊόντος τόσο πιο αειφόρο είναι ένα προϊόν. 

Ο συγγραφέας αναγνωρίζει ότι “οι περισσότερες αρνητικές επιπτώσεις ενός προϊόντος προέρχονται από 

αθέλητες παρενέργειες της διαδικασίας παραγωγής και αποκομιδής”. Οι καταναλωτές πείθονται να 

αγοράζουν προϊόντα που φαίνονται όμορφα, αλλά μέσα σε αυτήν την ομορφιά κρύβεται η μη-αειφορία.

Οι πέντε μετρικές που χρησιμοποιεί είναι:

1. Κυκλική (%) = ( %ανακυκλωμένα υλικά + % ανακυκλώσιμα υλικά) / 2

2. Αποδοτική (%) = 100 (1- ) Βασισμένο στον στόχο να μειωθεί η 

κατανάλωση ενέργειας ενενήντα τοις εκατό σε σχέση με τα μέσα επίπεδα του 1990. Το Ν 

είναι ο αριθμός διαφορετικών διαδικασιών που περνάει το προϊόν κατά τη διαδικασία 

παραγωγής. Το “σήμερα” είναι το ποσό ενέργειας που απαιτεί κάθε μία από τις παραπάνω 

διαδικασίες ενώ το “1990” η ενέργεια που απαιτούσε το 1990. Η ίδια εξίσωση 

χρησιμοποιείται και για τον υπολογισμό της απόδοσης υλικών.

3. Ηλιακό (%) = % το ποσοστό ενεργείας που προέρχεται από ανανεώσιμες πήγες ενέργειας.

4. Ασφαλές (%) = % το ποσοστό μη τοξικών ουσιών που απελευθερώνονται στο σύνολο του 

κύκλου ζωής του προϊόντος

5. Δεν υπάρχει κάποια μετρική όσον αφορά στην κοινωνική μετρική. Προϊόντα τα οποία δεν 

τα πάνε καλά σε αυτή την κατηγορία δεν πρέπει να συνεχίζουν.

Ακόμα το μετρικό σύστημα δίνει αρνητική βαθμολογία για συγκεκριμένες κακές πρακτικές, 

παραδείγματος χάρη:

• -1 πόντος για κάθε κιλό βιοπλαστικών, κεραμικών, άσφαλτου, τσιμέντου, ξύλου, πέτρας και 

τούβλου

• -5 πόντοι για κάθε κιλό γυαλιού, πλαστικών, χαρτιού, λάστιχου, ατσαλιού, υφασμάτων, 

καυσίμων

• -15 πόντοι για κάθε κιλό αλουμινίου, λαμπτήρων, μπογιάς, πολυκαρβονικά πλαστικά, 

ανοξείδωτο ατσάλι και ηλεκτρονικά

• -50 πόντοι για κάθε κιλό χρυσού, μολύβδου, νικελίου, χαλκού, χρωμίου, επιχρωμιομένου 

ατσαλιού, καδμίου και μπαταριών
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Το “φυσικό βήμα” (Natural step) είναι ένα πλαίσιο αειφορίας που αναπτύχθηκε το 1989. Βασίζεται 

σε τέσσερις κανόνες οι οποίοι είναι ικανοί να κάνουν βιώσιμη την ανθρώπινη ανάπτυξη πάνω στη Γη. Οι 

τέσσερις κανόνες του φυσικού βήματος προέρχονται από τους νομούς της θερμοδυναμικής. Προκειμένου να 

δείξει την μετάπτωση προς μία αειφόρα κοινωνία, το φυσικό βήμα χρησιμοποιεί την μεταφορά του χωνιού, 

τα όρια που επιβάλλονται είναι τα τοιχώματα του χωνιού τα οποία οδηγούν την ανθρώπινη δραστηριότητα 

προς την αειφορία. Το σύστημα αναγνωρίζει 5 επίπεδα παρέμβασης:

 Επίπεδο Συστήματος (systems level): Ο στόχος του επιπέδου αυτού είναι ο προσδιορισμός 

του πεδίου εφαρμογής του συστήματος με το οποίο έχουμε να κάνουμε. Όσον αφορά την 

αειφορία, το σύστημα αυτό είναι το σύνολο της βιόσφαιρας

 Επίπεδο επιτυχίας (success level): Το επίπεδο επιτυχίας είναι ο στόχος της διαδικασίας 

μετασχηματισμού στην οποία εμπλεκόμαστε, στην συγκεκριμένη περίπτωση. Στόχος είναι η 

ανάδυση αειφορίας.

 Επίπεδο στρατηγικής (Strategic Level): Ο στόχος αυτού του επιπέδου είναι η δημιουργία 

των στρατηγικών κατευθυντήριων γραμμών για τους οργανισμούς, τους οποίους θα 

ακολουθήσουν κατά την εφαρμογή του πλαισίου και τη λήψη μέτρων προς την αειφορία.

 Επίπεδο δρασής (Action Level): Σε αυτό το επίπεδο υπάρχουν τα συγκεκριμένα μέτρα που 

λαμβάνονται προς την κατεύθυνση της αειφορίας. Τα μετρά που θα αποφασιστούν έχουν 

σχέση με την φύση του εκάστοτε οργανισμού.

 Επίπεδο εργαλείων (Tools Level):Το χαμηλότερο επίπεδο περιλαμβάνει μια ποικιλία από εργαλεία 

που βοηθούν τους οργανισμούς να διαχειρίζονται την πορεία τους προς την αειφορία. 

Περιλαμβάνουν Συστήματα Περιβαλλοντικής Διαχείρισης, ISO 14001 κ.ά.

Από τις τέσσερις αρχές που προτείνει ο συγγραφέας οι τρεις πρώτες έχουν να κάνουν με την 

αλληλεπίδραση του ανθρώπου με τον πλανήτη και βασίζονται στις παρακάτω παρατηρήσεις:

• Η κοινωνία καταναλώνει υλικά πιο γρήγορα απ’ ότι τα παράγει η γη. (παραδείγματος χάρην 

πετρέλαιο, κάρβουνο και διάφορα μέταλλα

• Η κοινωνία παράγει ουσίες πιο γρήγορα απ’ ότι οι φυσικές διεργασίες τις αποδομούν, ή παράγει 

ουσίες που δεν αποδομούνται καθόλου.

• Η κοινωνία καταστρέφει φυσικά συστήματα πιο γρήγορα απ’ ότι αναπληρώνονται.

Από τις παραπάνω παρατηρήσεις προέρχονται οι εξής τρεις βασικές αρχές που αν 

πραγματοποιηθούν αναδύεται αειφορία:

• Δεν πραγματοποιείται συστηματική αύξηση της συγκέντρωσης ουσιών που προέρχονται 

από τη λιθόσφαιρα

• Δεν πραγματοποιείται συστηματική αύξηση της συγκέντρωσης ουσιών που αποτελούν 

παραπροϊόντα της ανθρώπινης δραστηριότητας

17



• Δεν πραγματοποιείται συστηματική υποβάθμιση του φυσικού περιβάλλοντος

Σε αυτές τις αρχές προστίθεται και άλλη μια αρχή η οποία έχει σχέση με το κοινωνικό πλαίσιο

• Οι άνθρωποι δεν υπόκεινται σε συνθήκες που υπονομεύουν συστηματικά την ικανότητά τους να 

καλύπτουν τις ανάγκες τους.

Προκειμένου να ταιριάζουν οι αρχές σε κάθε οργανισμό χρησιμοποιείται το backcasting. 

Backcasting είναι μια μεθοδολογία προγραμματισμού. Ο όρος παραπέμπει στην ιδέα του σχεδιασμού από 

ένα μελλοντικό όραμα προς ένα επιθυμητό αποτέλεσμα του σχεδιασμού. Μπορεί να εκφραστεί απλά από το 

ερώτημα: “τι θα κάνουμε σήμερα για να φτάσει εκεί;“. Ουσιαστικά είναι ένα εργαλείο αντίστροφης 

μηχανικής που μας προσφέρει την δυνατότητα να εντοπίσουμε την καταλληλότερη στρατηγική για τον κάθε 

οργανισμό έχοντας ταυτόχρονα έναν κοινό στόχο για το σύνολο.

Η Ανάλυση Κύκλου Ζωής (Life Cycle Analysis) είναι μια γραμμική προσέγγιση για την 

αξιολόγηση των βιομηχανικών συστημάτων. O κύκλος ζωής ξεκινά με τη συγκέντρωση των πρώτων υλών 

από τη γη για τη δημιουργία του προϊόντος και τελειώνει στο σημείο που όλα τα υλικά επιστρέφουν στη γη. 

Η LCA δημιουργήθηκε τη δεκαετία του 1960. Οι ανησυχίες σχετικά με τους περιορισμούς των πρώτων υλών 

και ενεργειακών πόρων προκάλεσαν την ανάγκη για τη δημιουργία ενός εργαλείου που σκοπό θα είχε τον 

υπολογισμό της χρήση ενέργειας υλικών κατά την κατασκευή ενός προϊόντος. Η LCA είναι ένα αμιγώς 

ποσοτικό πλαίσιο που, αν και χρονοβόρο και πολύπλοκο, παρέχει τα πιο ακριβή και χρήσιμα συμπεράσματα 

για την αξιολόγηση υλικών και τη χρήση της ενέργειας. Η LCA αξιολογεί όλα τα στάδια της ζωής ενός 

προϊόντος λαμβάνοντας υπ' όψιν το γεγονός ότι είναι αλληλοεξαρτώμενα. Η LCA επιτρέπει την εκτίμηση 

των περιβαλλοντικών επιπτώσεων που προκύπτουν από όλα τα στάδια του κύκλου ζωής του προϊόντος, 

συμπεριλαμβανομένων των επιπτώσεων που συχνά δεν λαμβάνονται υπόψη σε άλλες αναλύσεις. 

Παρέχοντας συνολική εικόνα για τις περιβαλλοντικές επιπτώσεις που συντελούνται καθ 'όλη τη διάρκεια του 

κύκλου ζωής του προϊόντος και όχι μόνο αυτές που συμβαίνουν σε κάθε βήμα της διαδικασίας παράγωγης, η 

LCA μας δίνει μια πλούσια εικόνα των περιβαλλοντικών πτυχών του προϊόντος και μια πιο ακριβή εικόνα 

της πραγματικής περιβαλλοντικής σημασίας επιλογής υλικών και διαδικασιών επιλογής.

Τα σειριακά βήματα της LCA έχουν ως εξής:

1 Στόχος ορισμός και πεδίο εφαρμογής

1.1 Καθορισμός του στόχου του Έργου

1.2 Προσδιορισμός του τύπου των πληροφοριών είναι αναγκαία για την ενημέρωση των 

φορέων λήψης αποφάσεων

1.3 Καθορισμός της απαιτούμενης λεπτομέρειας

1.4 Προσδιορισμός των απαιτήσεων δεδομένων

1.5 Προσδιορισμός του πώς τα δεδομένα θα πρέπει να οργανωθούν και τα αποτελέσματα 

που εμφανίζονται

1.6 Ορισμός του πεδίου εφαρμογής της Μελέτης
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1.7 Προσδιορισμός των βασικών κανόνων για την εκτέλεση των εργασιών

2 Ανάλυση – Απογραφή (LCI)

2.1 Ανάπτυξη διαγράμματος ροής

2.2 Ανάπτυξη LCI σχεδίου συλλογής δεδομένων

2.3 Συλλογή δεδομένων

2.4 Αξιολόγηση και τεκμηρίωση των αποτελεσμάτων LCI

3 Αξιολόγηση των επιπτώσεων (LCIA)

3.1 Επιλογή και Ορισμός κατηγοριών επιπτώσεων

3.2 Ταξινόμηση

3.3 Χαρακτηρισμός

3.4 Κανονικοποίηση

3.5 Ομαδοποίηση

3.6 Στάθμιση

3.7 Αξιολόγηση και τεκμηρίωση των αποτελεσμάτων LCIA

4 Ερμηνεία των δεδομένων

4.1 Προσδιορισμός σημαντικών περιβαλλοντικών επιπτώσεων

4.2 Αξιολόγηση της πληρότητας, ευαισθησίας και συνέπειας των στοιχείων

4.3 Συμπεράσματα και συστάσεις

Ο Ακτιβιστικός σχεδιασμός (design activism) έχει οριστεί ως μια πολιτική διαδικασία. Σε αυτό το 

πλαίσιο οι σχεδιαστές χρησιμοποιούν τη σχεδίαση και τα παράγωγά της ώστε να ενημερώσουν την 

κοινωνία και να ενισχύσουν την πολιτική θέση που έχουν υιοθετήσει. Όντας μια εν γένει πολιτική 

θέση, ο ακτιβιστικός σχεδιασμός για αειφορία αποτελεί την νεότερη συνιστώσα του ακτιβιστικού 

σχεδιασμού. Οι τρεις πυλώνες που στηρίζουν αυτή τη διαδικασία είναι:

• Ο εκδημοκρατισμός της σχεδίασης. Η διαδικασία προκειμένου να γίνει η σχεδίαση πιο 

δημοκρατική μέσω της ευρύτερης συμμετοχής των εμπλεκομένων (staceholders) στη 

διαδικασία σχεδίασης.

• Η σεισάχθεια της κατανάλωσης, η διαδικασία η οποία θα φέρει τους καταναλωτές της γης 

σε μία ισορροπία. Εν ολίγοις να βοηθήσει το υπό-καταναλωτές  να καλύψουν τις ανάγκες 

τους και υπέρ-καταναλωτές να μειώσουν τις περιβαλλοντικές επιπτώσεις τους. Οι υπό-

καταναλωτές ουσιαστικά αποτελούν τους ανθρώπους που ζουν κάτω από το όριο της 

φτώχειας, αντίθετα ως υπέρ-καταναλωτές ορίζονται αυτοί οι οποίοι καταναλώνουν 

περισσότερα από όσα θα μπορούσαν, δυνητικά, να παράξουν.

•  Ο ακτιβιστικός Σχεδιασμός με έμφαση στην βιωσιμότητα πιστεύει ότι η ρίζα του 
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προβλήματος είναι η κοινωνική. Με βάση το παραπάνω, στοχεύει στην ενεργοποίηση της 

κοινωνική αλλαγής μέσω του σχεδιασμού καθώς οι αλλαγές σε άλλους τομείς θα 

ακολουθήσουν. Ο ρόλος του ακτιβιστή σχεδιαστή είναι πολλαπλός, οφείλει να δρα ως 

αδέσμευτος κοινωνικός μεσίτης, καταλύτης κοινωνικής αλλαγής, μεσολαβητής, 

συγγραφέας; δημιουργός, συν-δημιουργός.

Όλοι οι ακτιβιστές που συμμετέχουν σε ένα κίνημα ελπίζουν να μετασχηματίσουν την 

κοσμοθεωρία και τους στόχους του κινήματος εντάσσοντας την προσωπικότητα και την 

ιδιοσυγκρασία τους στο κίνημα. Το παραπάνω μπορεί να οδηγήσει σε μετασχηματισμό του 

συστήματος και των στόχων ή ακόμα και τις κοινωνικές ομάδες που συμμετέχουν. Γενικότερα, η 

ακτιβιστική σχεδίαση παίζει βασικό ρόλο:

• Στην προώθηση κοινωνικής αλλαγής

• Στην ενημέρωση για διαφορετικές άξιες και πιστεύω

• Στην αμφισβήτηση του καταναλωτισμού και της μαζικής παράγωγης στην καθημερινότητα

Η ακτιβιστική σχεδίαση αντιλαμβάνεται τον συμμετοχικό σχεδιασμό ώς βασικό κομμάτι της 

σχεδιαστικής διαδικασίας. Η συμμετοχή τρίτων στο σχεδιασμό τού προσδίδει δύο πολύ χρήσιμα 

χαρακτηριστικά, επιτρέπει στον χρήστη να οικειοποιηθεί τα μέσα παράγωγης, και λόγω της 

διάχυσης της πληροφορίας δημιουργεί μία πιο δημοκρατική κοινωνία.

Στις αρχές του 1980 παρατηρούμε μια αλλαγή στον ρόλο του καταναλωτή όσον άφορα στη 

θέση του στη διαδικασία σχεδίασης. Η ιδέα πως οι πελάτες είναι ικανοί να βοηθήσουν τις εταιρίες 

στην ανάπτυξη προϊόντων. Αυτό προκάλεσε την ανάπτυξη μεθοδολογιών συνεργατικού 

σχεδιασμού. Έτσι πυροδοτήθηκε η μετάπτωση από τον σχεδιασμό για πελάτες στον σχεδιασμό με 

τους πελάτες.

Οι διαφορές ανάμεσα στα εφτά υπό μελέτη πλαίσια για σχεδίαση για αειφορία κινούνται 

γύρω από τρεις άξονες:

• Αν είναι υπέρ της οικο-αποδοτικότητας ή της οικο-αποτελεσματικότητας,

• Αν θεωρούν ότι μια συνεχόμενη τεχνολογική λύση είναι ικανή να οδηγήσει στην ανάδυση 

αειφορίας στο υπάρχον σύστημα ή αν χρειάζεται ριζική αλλαγή του συστήματος

• Αν δέχονται την ύπαρξη ορίων

Παρόλα αυτά, αν βάλουμε τις διαφορές στην άκρη, αναδύεται μια τάξη καθώς στην πλειονότητα 

των διαφορετικών προσεγγίσεων εμφανίζονται κοινές ή παραπλήσιες βασικές αρχές. Αυτές οι αρχές 

20



πηγάζουν από τον ορισμό της αειφορίας. Αναλύοντας το σύνολο των αρχών επί της αειφορίας 

αναγνωρίζουμε την ύπαρξη έξι “δομικών αρχών αειφορίας”. Αυτές είναι Τοπικό, Ολιστικό, 

Κυκλικό, Ασφαλές, Ορθολογικό στη χρήση ενέργειας και υλικών, Κοινωνικά Αποδεκτό.

Το επόμενο βήμα είναι να βαθμολογήσουμε πόσο βάρος δίνει το κάθε πλαίσιο σε κάθε μία 

από αυτές τις “δομικές αρχές”. Η διαδικασία αυτή δεν έχει σκοπό την αξιολόγηση ή την κριτική 

των διαφόρων πλαισίων αλλά την καλύτερη κατανόηση του κάθε πλαισίου και την διευκόλυνση της 

διαδικασίας επιλογής για κάποιον που γνωρίζει σε ποιες διαστάσεις της αειφορίας θέλει να δώσει 

βάση. Ταυτόχρονα ελπίζουμε ότι αυτή η βάση θα είναι αρκετή ώστε να λειτουργήσει και για νέα 

πλαίσια που θα εμφανιστούν στο μέλλον.

Το επόμενο βήμα είναι να τοποθετήσουμε τα διαφορετικά πλαίσια σε ένα καρτεσιανό 

σύστημα συντεταγμένων χρησιμοποιώντας το δίπολο οικο-αποδοτικότητας – οικο-

αποτελεσματικότητας στον οριζόντιο άξονα και το δίπολο κυκλική ζωή (cradle to cradle) – 

γραμμική ζωή (cradle to grave). Έχοντας αναγνωρίσει τις αρχές κάθε πλαισίου και έχοντας 

ταξινομήσει τα πλαίσια περνάμε στο στάδιο αναγνώρισης των στρατηγικών που πηγάζουν από τις 

δομικές αρχές που αναγνωρίσαμε.

Η αειφορία είναι ένα αναδυόμενο πεδίο έρευνας και αν δεν διαχυθεί στην κοινωνία το 

ανθρωπινό γένος είναι καταδικασμένο να μην επιβιώσει σε βάθος χρόνου. Ιδιαίτερα όταν συνδέεται 

με τη σχεδίαση, η οποία είναι ο κλάδος της ανθρώπινης δραστηριότητας με το δεύτερο μεγαλύτερο 

αντίκτυπο στο περιβάλλον, έχει πολλά να κερδίσει από την σύνδεση του με την αειφορία. Το 

πρόβλημα προέρχεται από το γεγονός ότι υπάρχουν διαφορετικές και μερικές φόρες συγκρουόμενες 

προσεγγίσεις και αυτό το κενό προσπαθεί να καλύψει η υπάρχουσα εργασία.

Όσον αφορά στην μελλοντική έρευνα, υπάρχουν πολλές ενδιαφέρουσες κατευθύνσεις. 

Βασικότερο, η πραγματοποίηση μιας ευριστικής αξιολόγησης πρακτικής εφαρμογής των πλαισίων 

που είδαμε. Μια ακόμα ενδιαφέρουσα κατεύθυνση έχει να κάνει με την σύνδεση της αειφορίας με 

τα προκαταρκτικά στάδια της σχεδιαστικής διεργασίας και ιδιαίτερα τον ιδεασμό. Τέλος, άξιο 

μελέτης είναι το πώς μπορεί να ενταχθεί η σχεδίαση για αειφορία σε οδηγούς σπουδών σχολών 

σχεδίασης.
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CHAPTER 1
Introduction



1.1Introduction

We live in a world where we face environmental degradation every day. If our aim as a 

species is to torture and eventually kill our planet it seems like we have done a pretty decent job, 

ozone depletion, climate change, reduced biodiversity, depletion of fresh water supplies, topsoil 

depletion, toxic pollutions, habitat alteration. The list of our crimes could go on forever... Pessimists 

claim that by the middle of the twenty first century we will face severe shortage of food and non-

renewable resources. (Meadows et al, 1972)[1] However we have not reached the point of no return 

yet. Now is the time to atone for our crimes and change our ways. The first question we should ask 

ourselves is "How did we get here?". This first chapter aims to understand the reasons that created 

today's unsustainability. The two main reasons we identify are: The way we view our ecosystem and 

its limits and our material culture (i.e. the way we view our relationships with material objects and 

ownership in general).

The answer to these problems emerged in the 1970s and was called sustainability. The term 

sustainability was first used in 1974 at an ecumenical study conference on Science and Technology 

for Human Development that was convened by the World Council of Churches. Sustainable Society 

was defined as follows:

"First, social stability cannot be obtained without an equitable distribution of  

what is in scarce supply or without common opportunity to participate in social  

decisions. Second, a robust global society will not be sustainable unless the need 

for food is at any time well below the global capacity to supply it and unless the 

emissions of pollutants are well bellow the capacity of the ecosystems to absorb 

them. Third, the new social organization will be sustainable only as long as the 

use of non-renewable resources does not out-run the increase in resources made 

available through technological innovation. Finally, a sustainable society  

requires a level of human activities which is not adversely influenced by never-

ending large and frequent natural variation in global climate.”(WCC 1980)[2]

It is very important to note that in its conception sustainability was addressed as a social 

issue and not as a environmental one. The reason that the need for equity and democracy were put 

ahead was that at the time environmentalism was viewed as a bourgeois concern and the 

participants of the summit viewed sustainable society as a more serious approach to the matter and 

one that would create less tension with the concern for justice.(Dressner, 2002)[3]

The focus of environmentalists was shifted from the concept of Sustainable Society to that 



of Sustainable Development in the World Conservation Strategy of Nature and Natural Resources 

report in the 1980, published by the International Union for Conservation of Nature and Natural 

Resources. Sustainable development was  defined as “The integration of conservation and 

development to ensure  that modifications to the planet do indeed secure the survival and well being 

of all people” (IUCNNR 1980)[4] at the same time development was defined as “The modification 

of the biosphere and the application of human, financial, living and non-living resources to satisfy  

human needs and improve the quality of human life”(IUCNNR 1980)[5]. It becomes clear however 

that development can be a threat to the very survival and well being of humans unless resources are 

effectively conserved, this development is defined as “The management of human use of the 

biosphere so that it may yield the greatest sustainable benefit to the present generations while 

maintaining its potential to meet the needs and aspirations of future generations”(IUCNNR 1980)

[6]. This concept would later emerge as  is sustainable development in the Brundtland report. The 

IUCNNR report foreshadowed many of the ideas associated with the Brundland report. The 

importance of incorporating conservation in human development was emphasized, at the same time 

it identified the main causes of habitat destruction as poverty, population pressure, social inequity 

and terms of trade created to work against poorer countries. It also called for a new international 

development strategy that would redress inequity, stimulate economic growth and counter world 

poverty. The problem with the World Conversation Strategy was that it was written by a group 

identified as northern environmentalists and was based on a moral framework that was not 

universal. At the same time this report did not discuss political and economic transformations 

required to bring forth the goal of sustainable development and for those reasons it lacked practical 

credibility (Dresner, 2002)[7]

In 1983, the UN General Assembly set up thee World Commission on the Environment and 

Development (WCED) and the Norwegian Labour Party leader, Gro Harlem Brundland was 

appointed as chairman. The outcome of their efforts was published in 1987 in the report called “Our 

Common Future”. The report focused on a central theme: 

“Many present development trends leave increasing numbers of people poor 

and vulnerable, while at the same time degrading the environment. How can 

such development serve next century's world of twice as many people relying on 

the same environment? This realization broadened our view of development. We 

came to see it not in its restricted context of economic growth in developing 

countries. We came to see that a new development path was required, one that 

sustained human progress not just in a few pieces for a few years, but for the 

entire planet into the distant future.”(WCED 1987)[8]



The writers of the report called  this new path “sustainable development” and 

defined it as”development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs”. This definition is both simple and 

vague , both a weakness and a strength. However the Brundland Commission's conception 

of sustainable development is more complicated than a simple one sentence definition.:

“The concept of sustainable development does imply limits - not absolute  

limits but limitations imposed by the present state of technology and social 

organization on environmental resources and by the ability of the biosphere to 

absorb the effects of human activities. But technology and social organization 

can be both managed and improved to make way for a new era of economic 

growth. The Commission believes that widespread poverty is no longer 

inevitable. Poverty is not only an evil in itself, but sustainable development 

requires meeting the basic needs of all and extending to all the opportunity to 

fulfill their aspirations for a better life. A world in which poverty is endemic will  

always be prone to ecological and other catastrophes.

Meeting essential needs requires not only a new era of economic growth 

for nations in which the majority are poor, but an assurance that those poor get 

their fair share of the resources required to sustain that growth. Such equity 

would be aided by political systems that secure effective citizen participation in 

decision making and by greater democracy in international decision making.

Sustainable global development requires that those who are more affluent 

adopt life-styles within the planet's ecological means - in their use of energy, for 

example. Further, rapidly growing populations can increase the pressure on 

resources and slow any rise in living standards; thus sustainable development 

can only be pursued if population size and growth are in harmony with the 

changing productive potential of the ecosystem.

Yet in the end, sustainable development is not a fixed state of harmony, 

but rather a process of change in which the exploitation of resources, the 

direction of investments, the orientation of technological development, and 

institutional change are made consistent with future as well as present needs.  

We do not pretend that the process is easy or straightforward. Painful choices 

have to be made. Thus, in the final analysis, sustainable development must rest  

on political will.”(WCED 1987)[9]

Since then, substantive efforts have been made to agree on what sustainable development 

actually means, but it remains a contestable concept like liberty or justice. Sustainability has many 

flexible definitions, depending on the context and the field of study. Deeply rooted in the concept of 



sustainability is the question of equity, between and within generations and, the deep ecologists 

would argue, for an equity between humans and other life forms. Environmental economists, who 

by definition are engaged with improving ecological efficiency (improved economic viability with 

reduced negative environmental impact) tend to address sustainability by the maintenance or non-

depletion of the Earth’s ‘natural capital’, i.e. all that nature’s biotic and abiotic systems provide to 

man-made systems of capital. Yet this ignores the social and institutional dimensions of 

sustainability that strive to deliver equal shares of these capitals. Simon Dresner notes that 

“sustainability is an idea with a certain amount in common with socialism”(Dresner, 2002)[10]This 

socialist orientation ensures that many activists, of diverse persuasions well beyond the 

environmentalists, are attracted to the concept of sustainability. Ehrenfeld argues that a sustainable 

society is unlike the socialism that was created in the USSR because in its competition with 

capitalism it turned into a not so different system of “Having” falling into the same traps that 

capitalism does, instead of moving away from this mode of existence and towards aiding the people 

in experiencing authentic experiences that enable the transition towards a life of “Being”(Ehrenfeld, 

2008)[11] .

Design for sustainability is part of the bigger picture of sustainable development, a subject 

which has received considerable media attention in recent years due to a range of world wide crises 

which have manifested themselves as political problems: climate change, famine, disease and 

poverty.

Since the late 1960s when Victor Papanek (Papanek, 1971)[12] first blamed the design 

profession for creating wasteful products and customer dissatisfaction, there has been a growing 

feeling in many environmental circles that design and manufacture is responsible for many of the 

man-made stresses imposed on the planet. A fact that is well illustrated by the fact 80 per cent of 

products are discarded after a single use and 99 per cent of materials used are discarded in the first 

six weeks (Shot in the Dark, 2000)[13]. Though this trend is expected to start to change with the 

introduction of new product focused environmental legislation, the fact still remains that 

mainstream product design draws on scarce resources to create and power products which often 

have little or no consideration for impact on society and the environment.

Throughout the nineteenth century, the term ‘designer’ was vague and ambiguous, referring 

to a wide range of occupations: fine artists, architects, craftsmen, engineers and inventors (Sparke, 

1983)[14]. By the twentieth century the profession of design had developed into Industrial Design 

as we know it today, existing in design teams and governed by management structure. Industrial 

Design is a broad and complex profession (Heskett, 1991[15]; Tovey, 1997[16]; Industrial Design 

Society of America, 1999[17]) whose evolution has been influenced by the British Arts and Crafts 



movement, developments in the US and the influences of the Bauhaus school of design in Germany. 

It is because of these complex roots that Industrial Design has introduction been described as a 

pendulum which swings between art and engineering (Ozcan, 1999)[18]. 

Within industry, industrial designers tend to either work "in-house", as a function of a larger 

organisation or as independent design consultants within a design consultancy that services a 

variety of different clients. Within both of these capacities industrial designers can be involved in 

the design and development of both consumer and industrial goods. The concept of design for 

sustainability first emerged in the 1960s when Packard (Packard, 1963)[19]; Papanek (Papanek, 

1971)[20]; Bonsiepe (Bonsiepe, 1973)[21] and Schumacher (Schumacher, 1973)[22] began to 

criticise modern and unsustainable development and suggest alternatives. The forces influencing 

Industrial Design design for sustainability The second wave emerged in the late 1980s and early 

1990s and coincided with the green consumer revolution. Writers such as Manzini (Manzini, 1990)

[23]; Burall (Burall, 1991)[24], Mackenzie (Mackenzie, 1991)[25] and Ryan (Ryan, 1993)[26] 

began to call for design to make radical changes. This wave continued to gain momentum towards 

the end of the 1990s and early 2000s as design for sustainability became more widespread. Though 

there has been a long history of designers being motivated and interested in improving the 

environmental and social impact of the products they produce, there has been a lack of opportunity 

within the industrial context with case studies only starting to emerge from electronic and electrical 

companies in the early 1990s when companies such as Philips, Electrolux, IBM and Xerox began to 

promote the work they had done in this area. Although large industry commitment to integrating 

environmental and social issues into product development has continued to be on the rise there has 

been little evidence of widespread opportunity for this type of holistic thinking, in the commercial 

design industry.

Design for sustainability issues are currently rarely addressed in the design brief and as such it is 

often difficult for designers to have the opportunity to engage with environmentally and socially 

responsible design in a professional capacity. 

Research in the field of design for sustainability is now well established, though it can still 

be considered a new area. Most of the developed nations now have some form of active research 

into design for sustainability, covering issues such as: implementation of legislation, eco-

innovation, corporate social responsibility, product service systems, eco-redesign, impacts of user 

behaviour, design for disassembly and reverse manufacturing.

There are dozens of definitions of sustainability, the most apt from a design point of view 

being the one adopted by Domenski et al in 1992 to reference the idea of the "sustainable city", 

which is a complex design outcome:



“Sustainability may be defined as a dynamic balance among three mutually  

interdependent elements: (1) protection and enhancement of natural ecosystems 

and resources; (2) economic productivity; and (3) provision of social  

infrastructure such as jobs, housing, education, medical care and cultural  

opportunities.”(Domenski et al, 1992)[27]

Designers of all persuasions may recognize the daily balancing act that they already carry 

out which acknowledges the mutual interdependence of the three elements. This definition 

recognizes the services that nature provides and the duty of care man has to nature, invokes 

productivity rather than economic growth, and links sustainability to our overall social condition 

and health. In fact these three elements, the ecological, the economic and the social are often used in 

Venn diagrams to represent eco-design and sustainable design with their eco-efficiency and triple 

bottom line (TBL) agendas – people, planet and profit . In 1992 in Rio de Janeiro, the United 

Nations Conference on Environment and Development organized the Earth Summit bringing 

together nearly 200 nations to discuss the perilous state of the world’s environment. The Agenda 21 

framework of action, emerging from the Earth Summit, added important considerations to the 

sustainability debate – the idea about participation, open government and institutional roles. The 

institutional element adds a level of complexity and gave rise to the sustainability prism  which 

links the ecological, economic, social and institutional dimensions. Moving from the bilateral 

agenda of eco-efficiency to the tripartite agenda of TBL shifts the number of possible relationships 

from one to three. Inclusion of the fourth institutional dimension suddenly generates six possible 

relationships, and so a level of complexity. Nonetheless, the sustainability prism becomes a more 

holistic framework for balancing considerations of the different dimensions and revealing 

opportunities and threats.

Sustainability is seen as the pre-eminent challenge of the 21st century, although it remains a 

quixotic and contentious concept. As a result, Janis Birkeland now prefers to talk about ‘positive’ 

rather than ‘sustainable’ development in the context of urban planning and design:

“Positive development refers to physical development that achieves net positive 

impacts during its life cycle over pre-development conditions by increasing 

economic, social and ecological capital.”(Birkenland, 2008)[28]

This definition specifies the direction of the development and how it should affect economic, 

social and ecological capital. Design can have a positive impact on these capitals and has already 

evolved over the past three decades to rise to the sustainability challenge.

Sustainability could be defined as a "wicked problem", a problem first characterized by Horst 

Rittel in the 1960s as “a class of social system problems which are ill formulated, where the 



information is confusing, where there are many clients and decision makers with conflicting values,  

and where the ramifications of the whole system are thoroughly confusing”(Rittel,1974 )[29].Rittel 

identifies ten characteristics of wicked problems: 

 There is no definitive formulation of a wicked problem (defining wicked problems is itself a 

wicked problem).

 Wicked problems have no stopping rule. 

 Solutions to wicked problems are not true-or-false, but better or worse. 

 There is no immediate and no ultimate test of a solution to a wicked problem.

 Every solution to a wicked problem is a "one-shot operation"; because there is no 

opportunity to learn by trial and error, every attempt counts significantly. 

 Wicked problems do not have an enumerable (or an exhaustively describable) set of 

potential solutions, nor is there a well-described set of permissible operations that may be 

incorporated into the plan.

 Every wicked problem is essentially unique. 

 Every wicked problem can be considered to be a symptom of another problem. 

 The existence of a discrepancy representing a wicked problem can be explained in numerous 

ways. The choice of explanation determines the nature of the problem's resolution.

 The planner has no right to be wrong.

It becomes evident that sustainability has all of the above characteristics. Rittel’s thinking 

has recently, and deservedly, been re-examined (Design Issues vol.23 was a special issue on this). 

Problem definition is itself subjective as it originates from a point of view, therefore all 

stakeholder's points of view are equally knowledgeable whether they are experts, designers or other 

actors.(Rith, 2007)[30] Rittel is an advocate of designing together because people have to dialogue, 

agree on how to frame the problem, agree goals and actions, and this argumentative process is 

inherently political, in fact design is a political process, a view supported by Guy Bonsiepe, who 

defines political in the sense of a societal way of living rather than narrow party politics.(Bonsiepe, 

1997)[31] If sustainability is the most challenging wicked problem of the current era, then 

participation in design, as a means to effect deep, transformative, socio-political change, seems 

essential. This suggests a significant new direction for design to seize.

Another way that sustainability is approached is by posing the question “Does zero 

unstainability equal sustainability?”. According to John Ehrenfeld “Almost everything is being done 



in the name of sustainable development addresses and attempts to reduce unsustainability. But  

reducing unstainability, although critical, does not and will not create sustainability.”(Ehrenfeld 

2008).[32] Ehrenfeld's definition attempts to synthesize a thesis antithesis between sustainability 

and unsustainability which allow us to synthesize different approaches about sustainability.

1.2 Environment and limits

The first time that the world view that has led us to today's ecological problems is becomes 

explicit is in Sir Frances Bacon's "New Atlantis" written in 1627, more than a century before the 

start of the industrial revolution. Fascinated by the breakthroughs of scientists such as Galileo and 

Newton,  Bacon introduced the idea  that "science would enable the dominance of nature" (Leiss, 

1972)[33]. Before Bacon it was believed that man had permanently lost his right to dominate the 

earth with the expulsion from the Garden of Eden, however Bacon proposed that, through scientific 

discovery and a deep understanding of nature's laws, scientists would be able to gain powers that 

had, long, been believed to belong to God. He believed that the time had come to enslave the earth 

and force her to do mans bidding through science. "I am come in very truth leading to you Nature 

with all her children to bind her to your service and make her your slave" (Bacon, 1627)[34].

Sir Francis Bacon view influenced René Descartes who introduced the idea that "Nature 

could be understood by the use of reason" (Descartes 1637)[35]. He went on to separate 'man' from 

the rest of the natural world due to the existence of rationality. The rest of the world operates like a 

machine and even animals, which appear to be conscious are mere automata, and thus there is no 

ethical restraints on what can be done to other living beings or the natural environment. Descartes 

machinistic position influenced many fields of science and not just natural sciences. Adam Smith's 

breakdown and analysis of the division of labor in a pin factory  shows that rationally breaking 

down a complex system to smaller tasks in order to analyze it was the predominant scientific 

approach at the time, today however we know that this approach is wrong when we are faced with 

complex systems since "the holon is greater than the sum of the parts". Adam Smith went on to say 

that "If each individual acted to maximize their own economic self-interest the invisible hand of the 

market will bring about the most efficient distribution of resources" (A. Smith, 1776)[36].

In contrast to Smith and his British liberalism French philosopher Jean-Jacques Rousseau 

thought that desires beyond the need for food and shelter contributed to unhappiness. "Possessions 

are not essential for happiness and the desire for then arises from comparison with others, and a 

sense of vanity and envy (French:"amour propre"), The result is that people are unhappy in 



civilized societies, not because they are unable to fulfill their basic needs, but because they cannot 

fulfill socially created desires." (Rousseau, 1755) [37]. Rousseau reached the conclusion that the 

only route to true happiness was in abandoning society and returning to life in the natural world 

since "Man is born good but he is corrupted by society". His ideas became the cornerstone on which 

many ideologies were build, including the Romantics of the 19th century and today's green 

movement. Unfortunately it was Smith's ideas that became the mainstream, since the explosion of 

manufacturing activity that Friedrich Engels later named the 'Industrial Revolution'. This revolution 

can only be compared with the conception of farming because "No previous society had managed to 

overcome the constraints imposed on production by the preindustrial social structure, the deficient  

science and technology, famine and death." (Hobsbawm, 1962)[38]

One interesting anecdote that helps us understand how the industrial revolution caused a 

shift towards bigger unsustainability is the tale of Franklin and Heane's arctic expeditions: 

In 1845, Sir John Franklin, an experienced Arctic explorer, set out from England to discover 

a sea route from the Atlantic to the Pacific across the top of Canada – the fabled North West 

Passage. It was the most well prepared, well stocked expedition ever mounted to the Arctic. There 

were two ships and 138 officers and men. The ships were fitted with the very latest technologies – 

steam engines and propellers to supplement the sails, a steam heating system, and desalinators to 

distil drinking water from seawater. They took enough provisions to last three years, with over 

60,000 kilograms of flour and 8,000 cans of meat. They had a library of nearly three thousand 

books, early photography equipment, silver plate, mahogany desks, dress uniforms and even a 

grand piano (Berton1976) [39]Franklin believed “that you should take everything with you”. He 

meant for his men to live in a similar manner to the way they did in England. And that was their 

undoing. Despite Franklin’s previous experience in the region, the technology, the planning, and the 

immense supplies – not one crew member survived –all died of starvation, illness and cold, and 

neither ship was ever seen again.

The deaths of Franklin and his crew were unnecessary and avoidable. Seventy-five years 

earlier another Englishman, Samuel Hearne had already explored this area, and shown that the 

North West passage did not exist in any form that was useful as a trade route. Over a period of 

nearly three years, Hearne trekked five thousand miles in the area between Hudson’s Bay and the 

Arctic Ocean. He kept journals about the wildlife, the people and the environment; and he made 

detailed pencil drawings of what he saw  (Berton 1976)[40] Unlike Franklin, Hearne traveled light, 

and looked to the indigenous people for guidance and instruction. He adopted their ways, their diet, 

and their modes of travel, and he was not in the least prejudiced against them, even though many of 

their customs horrified him and on more than one occasion he was cheated, robbed and abandoned 



However his willingness to learn from the native people not only made him unusual for his day, it 

also allowed him to succesfully live and travel in the region.

Influenced  by the expanded limits to production Thomas Robert Malthus, an English 

Parson,  published his Essay on Population in 1798. In this book he argued that population has a 

tendency on geometric growth and that it will always outstrip the growth in food supply. The 

population is controlled be 'misery' and 'vice' and this is a positive thing because by improving the 

living conditions of laboring classes they would be encouraged to procreate more and thus eat up 

any relief provided by the state such as the 'poor laws'(Malthus, 1798)[41]. In 1891 Oscar Wilde 

agreed with Malthus's position about social charity in "The soul of man under Socialism" but on a 

whole different perceptive."In England, the people who do most harm are the people who try to do 

most good [...]such charity degrades and demoralizes. Charity creates a multitude of sins. There is  

also this to be said. It is immoral to use private property in order to alleviate the horrible evils that  

result from the institution of private property. It is both immoral and unfair."(Wilde, 1891)[42] 

according to Wilde both individualistic and state charity simply helps in retaining the social  status  

quo, today we have embedded “environmental charity” in our industrial artifacts in an attempt to 

ease the consumers conscience but the question remains, do we need zero unsustainability or 

sustainability? Wilde believes that "The proper aim is to try and reconstruct society on such a basis 

that poverty will be impossible "[44] Wilde believes that in some form of socialism such a society 

will emerge. Unlike Wilde, Malthus believes that: "the iron law of population will prevent any 

permanent improvement in the lot of the masses, making futile any attempt towards a more  just and 

egalitarian society" (Malthus, 1798)[44] of course he comes to this conclusion at a time where such 

a just and egalitarian society is the one proposed by French revolutionaries William Godwin and 

Nicolas de Condorcet. It is a common misconception that Malthus was a misanthropist who was 

against population growth, however this is not the truth, he merely pointed out that the fact that 

population grows faster than food supplies and that this predicament will create problems in the 

future. What he failed to take into account was the improvements on agriculture and production. 

William Godwin had proposed a Utopian Christian-Anarchist society where property and 

self interest would have disappeared was the first critic of Malthus's work. In 1801 he responded to 

Malthus work and pointed out that if birth rate could be reduced through 'moral restraint', he argued 

that the rich ought to have such a restraint or they would have bred themselves to poverty. He went 

on to say that educating the masses in order to create this aforementioned 'moral restraint' is better 

than allowing 'vice' and 'misery' to exist in order to keep population in line. (Godwin, 1820)[45]. 

Here we believe it is quintessential to understand  the importance of Malthus's writings, even 

though he might sound like a misanthropic prude, Malthus was one of the first people to understand 



that there are limits to agricultural production and that the ever expanding population of the planet 

could not be fed forever. His writings were tarnished by the improvements on production but they 

are once again becoming mainstream since we are reaching the capacity of the planet and world 

hunger becomes an issue once again. Improvements to the production are still possible. Japanese 

rice fields  production has been raised by 20%-50% simply by introducing ducks and allowed 

farmers to even triple their wield in the first year due to the fact that they kept bugs and antagonistic 

plants in check while enriching the field with the nitrogen contained in their waste  (Ho 2004)[46], 

other pre-industrial farmers in Yunnan China have managed  to push the plateau of agricultural 

productivity 70-80GJ per acre without the use of industrial systems or chemical fertilizers or 

pesticides (Ho - Ulanowicz, 2005)[47].

Joseph Fourier, who is also credited with the discovery of the green house effect, took 

Malthus's thought further by adding that "The world is finite, and in two centuries the population 

will eventually reach 5.5 billion. Even with the reclamation of deserts the human species will be 

overcrowded and suffocating through excessive numbers.". Fourier hoped that through socialism 

new conditions of life would limit the population. Fourier's prediction was correct and in 1992 the 

world's population  reached 5.5 millions. However the world does not seem to be that crowded  as a 

whole, although if you ask the people of urban Indochina they will probably disagree, it seems that 

with proper arrangements the world could facilitate more humans than the almost seven billion that 

live on it at the moment. Although our previous statement may sound Utopian it is not, and that is 

easy to prove if we consider ant colonies. Even though we as a species are larger than ants in terms 

of collective biomass greatly exceeds ours and they can be found in virtually any ecosystem (Hoyt, 

1996)[48]. Not only do ants have zero impact on the planet but they make their ecosystems 

healthier in the process while we can't even reduce our impact to levels that wont pose a threat to 

our survival in the future. The problem is simply an issue of understanding the possibilities and 

building a society centered around these goals, a sustainable society.

Friedrich Engels did not believe in the existence of limits  and believed that "Geometrical  

rise in population can be matched by geometrical rise in science. And what is impossible to 

science?"( Engels 1844)[49]. This thesis differs from other positions of not accepting the existence 

of  limits, it is a realist position, meaning that they accept the existence of limits but it is possible to 

transform these limits through the use of technology, on the other hand utopian positions deny the 

very existence of limits. This denial of limits was adopted by 20th century communists but 

eventually ran into both natural and social limits. At the same time Marx goes on to attribute all 

positive effects of the Machine to technology as such and all negative effects of the Machine to 

capitalist use, he uses this philosophical trick in order to rid technology's 'liberating form' of 



capitalistic alignment (Grundmann 1991)[50]. The problem with this position is that once we have 

rid society of capitalism and establish socialism technology created will meet the criteria that can be 

it can be consciously controlled and worthy of human nature. History however has shown that 

technology emerging from socialist regimes can be just as damaging to the environment as its 

capitalist counterparts. For example in the USSR scientists have deemed sixteen percent of the state 

unsafe to inhabit due to severe industrial pollution and contamination caused be socialist 

manufacturing process. This contamination, due to its proportions, has been termed 'ecocide'.

(Feshbach 1992)[51]  

John Stuart Mill in his groundbreaking book Principles of Political Economy was also 

concerned with the effects of human domination over nature, at the same time he raises the issue of 

the loss of biodiversity. In this work he introduced the idea of a 'stationary state economy', this idea 

was later used by Herman Daly in his 'steady state economics', according to classical economy 

profits and economic growth would decline over time as we reached the limits of the lands 

productivity, Adam Smith had believed that population growth would create increasing hardship for 

the population. Mill pointed out that in order to avoid further loss of biodiversity and increase in the 

populations burdens it was necessary that the population growth must be restrained. "There is room 

in this world, no doubt, and even in the old countries, for a great increase in population, supposing 

the arts of life to go on improving and capital increase. But even if innocuous, I confess I see very 

little reason for desiring it [...]Nor is there much satisfaction in contemplating the world with 

nothing left to the spontaneous activity of nature; with every rod of land brought into cultivation,  

which is capable of growing food for human."(Mill 1848)[52]. It has been proven time and time 

again that polycultures wield more and are better at resisting extreme conditions  than 

monocultures,  (Tilman - Downing 1994)[53], also polycultures, like the prairie or the marsh, are 

self regulating systems that don't need fertilizers or pesticides (Benyus 1997)[54] but instead 

function on a dynamic equilibrium. All this makes incredible sense from a systemic point of view. 

By sacrificing variety thinking that we increase productivity, which we actually don't,  we take 

away the possibility of emergence from the system. This becomes explicit if we consider the fact 

that if we stop dowsing a maize field with chemicals it will wither and die fast, on the other hand 

the prairie produces more carbohydrates without the use of any man made chemical due to the fact 

that in time a synergy between different species has emerged and such a variety has been created 

that allows the self-regulation of the system due to its complexity.

William Jevons applied Malthus's ideas to understand the risks of exponential growth in 

non-renewable resources, in his essay 'The Coal Question" (Jevons 1865)[55] he argued that due to 

the ever-increasing need for coal, and the eventual consumption of Britain's reserves British 



economy would be surpassed by other nations. Jevons considered the use of other sources of 

energy, such as wind, hydro power, petroleum etc but he found that they were either too periodic or 

too scarce. Of course today we know that petroleum is not as scarce as Jevons believed but it is 

finite non the less and we are nearing its eventual shortage. Jevons is the first to try and understand 

the problem of having the entire energy economy on one finite resource, be it coal, petroleum or 

something else. With todays technology it is possible to base our energy production adequately on 

renewable resources.

 The economic crisis and two world wars forced humankind to change priorities and care 

less about their environment since it had to face dangers to its existence. The only notable 

contributions on the preservation of the environment was the establishment of the Yosemite 

National Park in 1890 by John Muir and the Sierra Club. The next notable theoretical contribution 

on environmental literature was the book 'A sand country almanac' by Aldo Leopold written in 

1949. In this book Leopold called for a new 'land ethic', he considered the earth a 'biotic 

community' in which all members are equal, he goes on to say that it was time for  "changes in the 

role of homo sapiens from conqueror of the land community to plain member and citizen of  

it"(Leopold 1949)[56]. Also Leopold argued that removing a species is not a sensible move since 

there is no way of knowing it's importance: "To keep every cog and wheel is the first precaution of  

intelligent tinkering". The thought that democracy and equality goes beyond humankind and that the 

earth is a community in which we have to share with all other living beings  is a radical idea that, at 

the time, was shun. However the tables turned in the 1960s with the emergence of the peace 

movement and the 'flower children', who influenced by 19th century romantics, outlined the need to 

preserve the environment.

In 1962 the book 'Silent Spring'  was published and ignited the environmental movement 

beyond the anti-war movement. Writer Rachel Carson drew attention to the use of pesticides and 

DDT and the destruction of wildlife they caused. Carson criticized unintended and unpredicted 

consequences of technology  that was meant to better our lives. She warned that these chemicals 

"contain the prospect of a dying world in which springtime will no longer bring forth new life , only 

science"(Carson 1963)[57]. According to Carson the need to control nature is an idea brought forth 

by Neanderthal age biology and  philosophy, a time where it was supposed that nature was there for 

the convenience of man. The discovery of strontium-90 from nuclear fallout and DDT in mother's 

milk and fat of antarctic penguins coupled with Carson's writings forced us to understand the idea 

of a possibility of a global environmental crisis in the scale of our small planet and forced 

governments to take measures against most actions that explicitly raised the possibilities of such a 

global environmental crisis, like the atmospheric testing of nuclear devices.



Picking up from where Carson stopped British journalist Barbara Ward published her book 

"Spaceship Earth"[58], a metaphor coined by 1952 American presidential candidate Adlai 

Stevenson. At the same time economist Kenneth Boulding was developing this concept in his essay 

"The Economics of Coming to Spaceship Earth" . Boulding put forward the idea that previous 

human history had taken place against the background where the scale of human activities was tiny 

compared to the environment.(Boulding 1966)[59] In this situation, there was always somewhere 

'out there' to expand or to put our wastes. Boulding called this a 'cowboy' economy because the idea 

of an endless frontier embodied by the American cowboy. However when human activities reached 

a scale where there was no 'out there' to expand or put your waste. Boulding believed that since our 

frontiers had shrunk to zero and we had nowhere to expand we had to adopt a 'spaceman' economy. 

This means that nothing can be thrown away and all waste will have to be recycled. What really 

helped the human race understand the limits of our planet was the photographs of earth taken by the 

Apollo astronauts. A blue white marble filled with life surrounded by the hostile blackness of the 

void. These photographs truly visualized the metaphor of spaceship earth.

In 1968, ecologist, Garret Harding discussed what he called 'the tragedy of commons'. He 

described a hypothetical example of a pasture shared by herders. It is in the interests of each herder 

to put additional animals out to pasture because they will get additional income from their animals, 

however, if each herder decided to do that the pasture would eventually be overgrazed and degraded 

making it useless in economic terms (Harding, 1968)[60]. This happened more than once in what is 

toady known as the Dustbowl in Arizona, USA where excessive farming turned an once green 

valley into a desert. According to Harding the tragedy of commons can only be solved if access can 

somehow be controlled. Harding was of course influenced by Charles Marx's idea of 'the enclosure 

of the commons' (Marx, 1867)[61] but tried to mutate it so that instead of enclosing the commons in 

order to make capitalist gain he proposes the enclosure of the commons in order to avoid the 

overuse and eventual destruction of the commons. What is interesting is the meaning of commons 

today. According to Slavoj Zizek “It's the enclosure of the commons. Marx was talking about land 

and property when he wrote about this, but today intellectual property is our commons, information 

is our commons. Something that Marx could not have predicted is taking place today: we are 

witnessing a strange regression to the same kind of enclosure of the commons, and people having to 

pay rent to people like Bill Gates for intellectual property.” (Zizek 2010)[62] According to Zizek 

“We face a crisis of the commons of apocalyptic proportions.” Zizek argues that neoliberal 

capitalism, an inherently selfish organizational pattern, is completely incapable of doing anything 

but making things worse for a greater majority of the species – and the planet. How is it that we’re 

going to preserve the integrity of our DNA if we can’t even agree to give everyone access to clean 



drinking water? How is it that we’re going to overcome ecological catastrophes like the Pacific gyre 

garbage patch, heavy metals in the food chain, Internet neutrality, digital privacy, and the petroleum 

economy?  Another example of how the enclosure of commons is creating tragedy is emissions 

trading. Big polluters, such as Chevron or American Electric Power, buy portions of the rainforest 

because the carbon captured in the trees will be worth a lot in the next 40 years. This scheme creates 

two tragedies, the company has the freedom to pollute as much as it likes back home and at the 

same time natives to the rainforest are not allowed to live in their environment because it is now 

private property guarded by the 'green' environmental police.(Avgeropoulos 2010)[63]

The book Limits to Growth contained the quintessence of the first wave of 

environmentalism. A group of MIT researchers created a computer model that showed that if the 

current trends of exponential growth in population and demand for non renewable resources 

continued, the world would face severe shortages of food and non renewable resources by the end 

of the 21st century and that the limits to growth would be reached “sometime in the next hundred 

years”. The book was an big success, as it was the first scientific and concrete evidence that the 

problem of limits exists, and was translated to 28 languages selling nine million copies. The model 

used assumed that there finite amounts of fossil fuels available on earth and also modeled the price 

behavior of an increasingly scarce resource. Although the availability of oil can be challenged the 

simulators argued that even if  there sever times larger oil reserves they would merely extend the 

time until the limits were reached. Even though the writers could not speculate the pollution 

absorption capacity of the environment, but argued that exponential growth of pollutants would 

reach the planets capacity. Pollutants were simulated as perturbations to the system that would 

shorten human life and interfere with food production.

The authors stated that their model was not a definite prediction of what would happen, it 

was an exploration of the consequences of current trends. Even with favorable evolution in science, 

such as enormous increases in agricultural production, cheap energy, extensive mineral recycling, 

the model still predicted the collapse of civilization by the end of the 21st century. When the model 

run with zero population growth, zero capital growth and a four-fold increase in technological 

efficiency the model gave an ultimately stable state at a European standard of living. “It is possible  

to alter these growth trends and to establish a condition of ecological and economic stability that is  

sustainable far into the future”(Meadows et al, 1972)[64]

The best developed critique of 'Limits to Growth' came from the Sussex University's Science 

Policy Research Unity. They pointed out that the computer model was no less subjective or 

ideological than the mental models on which it was based. They criticized several aspects of the 

model, but concentrated on the Malthusian pessimism of the assumptions underlying it. Also they 



believed that the simulators had used pessimistic  assumptions about the availability physical 

resources. They accepted that physical growth cannot continue indefinitely. Another shortcoming of 

the Limits to Growth was the fact that the model did not include any feedback that would allow 

resource substitution, new inventions and the changing of the way of life.”Limits to growth 

discounts  the potential adaptation in human society and put forward a counsel of despair in  

proposing an immediate halt to growth[...] The concentration on a disaster in 100 years' time 

distracts from what can be done to solve urgent existing problems, such as the distribution of the 

worlds wealth” (Cole et al, 1973)[65]

Influenced by the ideas in Limits to Growth and John Stuart Mill's stationary state economy 

Herman Daly attempted to use the law of entropy to demonstrate that the scale of economy is 

limited. “Economic activity is about the creation of order (low entropy) in one place. The entropy 

law demands that a larger amount of entropy is created elsewhere”(Daly 1977)[66]. According to 

Daly economic activities will always create pollution and waste and more activity means more of 

both. However there is a limit to how much can be absorbed by the environment. Daly concluded 

that the law of entropy sets a limit to the physical scale of the economy. As we are going to see 

although this  is true for today's production it doesn't have to be this way. If we have a closed loop 

of materials used for production (I.e. everything is recycled or biodegradable) this movement of 

entropy is lessened or diminished.

1.3Being and having

Property is theft! (French: La propriété, c'est le vol!) is a slogan coined by French anarchist 

Pierre-Joseph Proudhon in his 1840 book What is Property? Or, an Inquiry into the Principle of 

Right and of Government.

“If I were asked to answer the following question: What is slavery? and I should 

answer in one word, It is murder!, my meaning would be understood at once. No 

extended argument would be required . . . Why, then, to this other question: What 

is property? may I not likewise answer, It is robbery!, without the certainty of  

being misunderstood; the second proposition being no other than a 

transformation of the first" (Proudhon,1840)[67]

By "property," Proudhon referred to the concept originated in Roman law of the sovereign 

right of property—the right of the proprietor to do with his property as he pleases, "to use and 



abuse," so long as in the end he submits to state-sanctioned title, and he contrasted the supposed 

right of property with the rights (which he considered valid) of liberty, equality, and security.

Twenty years later and due to the rise in industrial production another phenomenon emerges, 

it is what Charles Marx will call "Commodity Fetishism". (Marx, 1867)[68] Commodity fetishism 

denotes “the mystification of human relations said to arise out of the growth of market trade, when 

social relationships between people are expressed as, mediated by and transformed into, objectified 

relationships between things” (commodities and money). The concept of commodity fetishism 

plays a crucial role in Marx's theory of capitalism, because it links the subjective aspects of 

economic value to its objective aspects, through the transformation of a symbolization of value into 

a reification which attains the power of an objective social force. It plays an integral part in Marx's 

explanation of why economic relationships and interactions in capitalism often appear quite 

different from what they really are. The concept is introduced at the conclusion of an analysis of the 

value-form of commodities in the first chapter of Marx's main work, Das Kapital. Subsequently he 

clarifies in Das Kapital that many different economic phenomena can be "fetishized" (the fetish of 

money the fetish of interest-bearing capital, etc.) to the extent that they attain an independent power 

vis-a-vis the people. But these further developments of commercial fetishism nevertheless have 

their historical origin in commodity trade. 

The shift from functional relationship towards ownership  is apparent in the growing use of 

nouns and the decreasing use of verbs in Western languages in the past few centuries. A noun is the 

proper denotation for a thing. I can say that I have things: for instance that I have a table, a house, a 

book, a car. The proper denotation for an activity, a process, is a verb: for instance I am, I love, I 

desire, I hate, etc. Yet ever more frequently an activity is expressed in terms of having; that is, a 

noun is used instead of a verb. But to express an activity by to have in connection with a noun is an 

erroneous use of language, because processes and activities cannot be possessed; they can only be 

experienced.

The consequences of this shift were already recognized in the eighteenth century. Du Marais 

gave a very precise expression of the problem in his posthumously published work Les Veritables 

Principes de la Grammaire . He writes: "In this example, I have a watch, I have must be understood 

in its proper sense; but in I have an idea, I have is said only by way of imitation. It is a borrowed 

expression. I have an idea means I think, I conceive of in such and such a way, I have a longing 

means I desire; I have the will means I want, etc."(Du Marais,1769)[69]

A century after Du Marais observed this phenomenon of the substitution of nouns for verbs 

Marx and. Engels deal with the same problem, but in a more radical fashion, in The Holy Family.



(Marx Engels, 1844)[70] Included in their critique of Edgar Bauer's "critical critique" is a small, but 

very important essay on love in which reference is made to the following statement by Bauer: 

"Love is a cruel goddess, who like all deities, wants to possess the whole man and who is not  

content until he has sacrificed to her not only his soul but also his physical self. Her cult is  

suffering; the peak of this cult is self-sacrifice, is suicide"(Bauer, 1843)[71].

Marx and Engels answer: Bauer "transforms love into a 'goddess,' and into a 'cruel goddess'  

by transforming the loving man or the love of man into the man of love; he thus separates love as a 

separate being from man and makes it an independent entity"[72] Marx and Engels point here to the 

decisive factor in the use of the noun instead of the verb. The noun "love," which is only an 

abstraction for the activity of loving, becomes separated from the man. The loving man becomes the 

man of love. Love becomes a goddess, an idol into which the man projects his loving; in this 

process of alienation he ceases to experience love, but is in touch only with his capacity to love by 

his submission to the goddess Love. He has ceased to be an active person who feels; instead he has 

become an alienated worshiper of an idol, and he is lost when out of touch with his idol.

This linguistic change was also the object of Martin Buber's I and Thou published in 1927. It 

presents a philosophy of personal dialogue, in that it describes how personal dialogue can define the 

nature of reality. Buber's major theme is that human existence may be defined by the way in which 

we engage in dialogue with each other, with the world, and with God.

According to Buber, human beings may adopt two attitudes toward the world: I-Thou or I-It. 

I-Thou is a relation of subject-to-subject, while I-It is a relation of subject-to-object. In the I-Thou 

relationship, human beings are aware of each other as having a unity of being. In the I-Thou 

relationship, human beings do not perceive each other as consisting of specific, isolated qualities, 

but engage in a dialogue involving each other's whole being. In the I-It relationship, on the other 

hand, human beings perceive each other as consisting of specific, isolated qualities, and view 

themselves as part of a world which consists of things. I-Thou is a relationship of mutuality and 

reciprocity, while I-It is a relationship of separateness and detachment.

Buber explains that human beings may try to convert the subject-to-subject relation to a 

subject-to-object relation, or vice versa. However, the being of a subject is a unity which cannot be 

analyzed as an object. When a subject is analyzed as an object, the subject is no longer a subject, 

but becomes an object. When a subject is analyzed as an object, the subject is no longer a Thou, but 

becomes an It. The subject-to-subject relation affirms each subject as having a unity of being. When 

a subject chooses, or is chosen by, the I-Thou relation, this act involves the subject's whole being. 

Thus, the I-Thou relation is an act of choosing, or being chosen, to become the subject of a subject-

to-subject relation. The subject becomes a subject through the I-Thou relation, and the act of 



choosing this relation affirms the subject's whole being.

Buber claims that the I-Thou relation is a direct interpersonal relation which is not mediated 

by any intervening system of ideas. No objects of thought intervene between I and Thou. I-Thou is a 

direct relation of subject-to-subject, which is not mediated by any other relation. Thus, I-Thou is not 

a means to some object or goal, but is an ultimate relation involving the whole being of each 

subject. Although the I-Thou relation is an ideal relation, the I-It relation is an inescapable relation 

by which the world is viewed as consisting of knowable objects or things. The I-It relation is the 

means by which the world is analyzed and described. However, the I-It relation may become an I-

Thou relation, and in the I-Thou relation we can interact with the world in its whole being.[73]

Progress toward sustainability demands that Buber's work be translated in design. We should 

shift the relationship between humans and functional objects towards an I-Thou mode. This is 

possible and according to Papanek (Papanek 1995)[74] Inuits of Northern Canada view design and 

objects as transitory act or a relationship rather than ownership. In order to achieve this we have to 

change our material culture from “property and goods that are distinctively owned” towards “a 

concentration of resources that achieve a desired benefit for a relatively short time”. 

Buber's work was taken a step forward by German philosopher and psychoanalyst Erich 

Fromm who in his 1976 book “To have or to Be?” transformed the notion of “I- It” and “I-Thou” to 

“Being” and Having”. Fromm starts by analyzing the “Great Promise of Limitless Progress” and 

how people are now becoming aware that:

 Unrestricted satisfaction of all desires is not conducive to well-being, nor is it the way to 

happiness or even to maximum pleasure.

 The dream of being independent masters of our lives ended when we began awakening to 

the fact that we have all become cogs in the bureaucratic machine, with our thoughts, 

feelings, and tastes manipulated by government and industry and the mass communications 

that they control.

 Economic progress has remained restricted to the rich nations, and the gap between rich and 

poor nations has ever widened.

 Technical progress itself has created ecological dangers and the dangers of nuclear war, 

either or both of which may put an end to all civilization and possibly to all life.(Fromm 

1976)[75]

Fromm identifies two main psychological premises behind the failure of this promise: 

• That the aim of life is happiness, that is,maximum pleasure, defined as the satisfaction of 

any desire or subjective need a person may feel (radical hedonism). The French philosopher 



Michel Onfray defines hedonism as an "introspective attitude to life based on taking pleasure 

yourself and pleasuring others, without harming yourself or anyone else."(Melville, 2007)[76] 

The theory that the aim of life is the fulfillment of every human desire was clearly voiced, 

for the first time since Aristippus, by philosophers in the seventeenth and eighteenth centuries. It 

was a concept that would easily arise when "profit" ceased to mean "profit for the soul" (as it does 

in the Bible and, even later, in Spinoza), but came to mean material, monetary profit, in the period 

when the middle class threw away not only its political shackles but also all bonds of love and 

solidarity and believed that being only for oneself meant being more rather than less oneself. For 

Hobbes happiness is the continuous progress from one greed (cupiditas) to another(Hobbes, 1642)

[77]. La Mettrie even recommends drugs as giving at least the illusion of happiness(LaMettrie, 

1748)[78] and for de Sade the satisfaction of cruel impulses is legitimate, precisely because they 

exist and crave satisfaction (de Sade, 1795)[79]. These were thinkers who lived in the age of the 

bourgeois class's final victory. What had been “the un-philosophical practices of aristocrats became 

the practice and theory of the bourgeoisie.” (Fromm 1976)[80]

Many ethical theories have been developed since the eighteenth century—some were more 

respectable forms of hedonism, such as Utilitarianism; others were strictly anti-hedonistic systems, 

such as those of Kant, Marx, Thoreau, and Schweitzer(Kant, 1788[81];Marx, 1867[82] ;Thoreau, 

1854[83] ;Schweitzer, 1973[84]). Yet the present era, by and large since the end of the First World 

War, has returned to the practice and theory of radical hedonism. The concept of unlimited pleasure 

forms a strange contradiction to the ideal of disciplined work, similar to the contradiction between 

the acceptance of an obsessional work ethic and the ideal of complete laziness during the rest of the 

day and during vacations. The endless assembly line belt and the bureaucratic routine on the one 

hand, and television, the automobile, and sex on the other, make the contradictory combination 

possible. Obsessional work alone would drive people just as crazy as would complete laziness. With 

the combination, they can live. Besides, both contradictory attitudes correspond to an economic 

necessity: twentieth century capitalism is based on maximal consumption of the goods and services 

produced as well as on routinized teamwork. 

Theoretical considerations demonstrate that radical hedonism cannot lead to happiness as 

well as why it cannot do so, given human nature. But even without theoretical analysis the 

observable data show most clearly that our kind of "pursuit of happiness" does not produce well-

being. We are a society of notoriously unhappy people: lonely, anxious, depressed, destructive, 

dependent—people who are glad when we have killed the time we are trying so hard to save. The 

reason behind the failure of radical hedonism lies in the fact that it displays the same attitudes as the 

behavior of addiction (this will be investigated further later).



• Egotism, selfishness, and greed, as the system needs to generate them in order to function, 

lead to harmony and peace. The notion that the pursuit of individual egoism leads to harmony and 

peace, growth in everyone's welfare, is erroneous on theoretical grounds, and again its fallacy is 

proven by the observable data.

“To be an egoist refers not only to my behavior but to my character. It means: that  

I want everything for myself; that possessing, not sharing, gives me pleasure; that  

I must become greedy because if my aim is having, I am more the more I have;  

that I must feel antagonistic toward all others: my customers whom I want to 

deceive, my competitors whom I want to destroy, my workers whom I want to 

exploit. I can never be satisfied, because there is no end to my wishes; I must be 

envious of those who have more and afraid of those who have less. But I have to 

repress all these feelings in order to represent myself (to others as well as to 

myself) as the smiling, rational, sincere, kind human being everybody pretends to 

be.” (Fromm, 1976)[85]

It becomes apparent that egotistical behavior can only lead to conflict since everyone wants 

to have more commodities or power and thus running into the limits of other people. This drive 

towards possessing more leads to a never ending class war that cannot be stopped as long as society 

functions in a “Having” state of existence. Even the communist system (in the way that it 

manifested itself in the 20th century) did not manage to stop this war even though its objective was 

to abolish classes. As long as a system is based on unlimited consumption of goods egotism will 

emerge, mainly due to the existence of limits, and through egotism class war will exist wich in 

global terms can only lead to an international war.

Radical hedonism and unlimited egotism could not have emerged as guiding principles of 

economic behavior had not a drastic change occurred in the eighteenth century. In medieval society, 

as in many other highly developed as well as primitive societies, economic behavior was 

determined by ethical principles. Thus, for the scholastic theologians, such economic categories as 

price and private property were part of moral theology. Granted that the theologians found 

formulations to adapt their moral code to the new economic demands (for instance Thomas Aquinas' 

qualification to the concept of "just price")(Aquinas, 1947)[86], nevertheless, economic behavior 

remained human behavior and, hence, was subject to the values of humanistic ethics. Through a 

number of steps eighteenth-century capitalism underwent a radical change: economic behavior 

became separate from ethics and human values. Indeed, the economic machine was supposed to be 

an autonomous entity, independent of human needs and human will. It was a system that ran by 



itself and according to its own laws. The suffering of the workers as well as the destruction of an 

ever increasing number of smaller enterprises for the sake of the growth of ever larger corporations 

was an economic necessity that one might regret, but that one had to accept as if it were the 

outcome of a natural law. 

The development of this economic system was no longer determined by the question: “What 

is good for Man?” but by the question: “What is good for the growth of the system?” One tried to 

hide the sharpness of this conflict by making the assumption that what was good for the growth of 

the system was also good for the people. This construction was bolstered by an auxiliary 

construction: that the very qualities that the system required of human beings—egotism, selfishness, 

and greed—were innate in human nature; hence, not only the system but human nature itself 

fostered them. Societies in which egotism, selfishness, and greed did not exist were supposed to be 

"primitive," their inhabitants "childlike." People refused to recognize that these traits were not 

natural drives that caused industrial society to exist, but that they were the products of social 

circumstances.

According to Fromm the alternative of having versus being does not appeal to common 

sense. To have seems to be a normal function of our life: in order to live we must have things. 

Moreover, we must have things in order to enjoy them. In a culture in which the supreme goal is to 

have, and in which even the human life can be monetized, how can there be an alternative between 

having and being? On the contrary, it would seem that the very essence of being is having; that if 

one has nothing, one is nothing. Yet the “great Masters of Living” have made the alternative 

between having and being a central issue of their respective systems. The Buddha teaches that in 

order to arrive at the highest stage of human development, we must not crave possessions. Jesus 

teaches: "For whosoever will save his life shall lose it; but whosoever will lose his life for my sake,  

the same shall save it. For what is a man advantaged, if he gain the whole world, and lose himself,  

or be cast away?" (Luke 9:24-25). Master Eckhart taught that to have nothing and make oneself 

open and "empty," not to let one's ego stand in one's way, is the condition for achieving spiritual 

wealth and strength. Marx taught that luxury is as much a vice as poverty and that our goal should 

be to be much, not to have much. we refer here to the real Marx, the radical humanist, not to the one 

manifested and presented by Soviet communism.

The nature of the having mode of existence follows from the nature of private property. In 

this mode of existence all that matters is my acquisition of property and my unlimited right to keep 

what I have acquired. The having mode excludes others, it does not require any further effort on my 

part to keep my property or to make productive use of it. The Buddha has described this mode of 

behavior as craving, the Jewish and Christian religions as coveting, it transforms everybody and 



everything into something dead and subject to another's power. In this mode of living a human is 

self-referenced by identifying his property, consisting by material and immaterial possessions. One's 

property constitutes self and identity. The underlying thought in the statement "I am I" is "I am I 

because I have X"—X being all natural objects and persons to whom I relate myself through my 

power to control them, to make them permanently mine In the having mode, there is no alive 

relationship between me and what I have. It and I have become things, and I have it, because I have 

the force to make it mine. But there is also a reverse relationship: it has me, because my sense of 

identity and sanity, rests upon my having “It” (and as many things as possible). The having mode of 

existence is not established by an alive, productive process between subject and object; it makes 

things of both object and subject. This relationship is one of deadness, not aliveness. This notion 

was taken even further by situationist Guy Debord who in the society of the spectacle claimed that 

in contemporary society “Having” is not self-referential but instead the value of ones possessions is 

judged by the value that other believe it has when they see it: “In a consumer society, social life is  

not about living but about having; the spectacle uses the image to convey what people need and 

must have. Consequently, social life moves further, leaving a state of 'having' and proceeding into a 

state of 'appearing;' namely the appearance of the image”(Debord 1967)[87]

The notion of a “Being” state of existence is based on Martin Heidegger's book Being and 

Time. According to Heideger “Being” is what makes humans different from others. Since “Being” 

incorporates an understanding of what it means to be (self reference). Heideger even uses a special 

word ,”Daesin” which can be translated as “being there”, however this concept is unlike the 

dualistic Cartesian mind and body separation, instead it is about “co-creating the two through every 

day immersion in reality.”(Heideger 1927)[88].This understanding is a second order phenomenon 

Being refers to experience, and human experience is in principle not describable. What is 

fully describable is our persona—the mask we each wear, the ego we present—for this persona is in 

itself a thing. In contrast, the living human being is not a dead image and cannot be described like a 

thing. In fact, the living human being cannot be described at all., characteristic attributes can be 

described but the person being described will always be more than an assortment of characteristics 

and at the same time no-one but the person in question can comprehend the second order 

understanding of oneself. Only in the process of mutual alive relatedness can the other and I 

overcome the barrier of separateness, inasmuch as we both participate in the dance of life. Yet our 

full identification of each other can never be achieved.

A second, equally important meaning of being is revealed by contrasting it to appearing. If I 

appear to be kind while my kindness is only a mask to cover my exploitativeness—if I appear to be 

courageous while I am extremely vain or perhaps suicidal—if I appear to love my country while I 



am furthering my selfish interests, the appearance, i.e., my overt behavior, is in drastic contradiction 

to the reality of forces that motivate me. My behavior is different from my character. My character 

structure, the true motivation of my behavior, constitutes my real being. My behavior may partly 

reflect my being, but it is usually a mask that I have and that I wear for my own purposes. 

Behaviorism deals with this mask as if it were a reliable scientific datum; true insight is focused on 

the inner reality, which is usually neither conscious nor directly observable. Returning to our main 

thesis: Being refers to the real, in contrast to the falsified, illusionary picture. In this sense, any 

attempt to increase the sector of being means increased insight into the reality of one's self, of 

others, of the world around us. The main ethical goals of Judaism and Christianity—overcoming 

greed and hate—cannot be realized without another factor that is central in Buddhism and also 

plays a role in Judaism and in Christianity: The way to being is penetration through the surface and 

insight into reality.

The way to free oneself from this illusionary picture is through authentic experiences. 

Authenticity involves an acceptance of the groudlessness of Being, another way of rejecting the 

idea of an “inner self”. In the authentic mode, the actor accepts the pervasiveness of the cultural 

environment as the context for actions and ceases to search for the real self hidden insid. 

Authenticity and sustainability are closely linked. This is achieved through the concept of 

flourishing, according to Ehrenfeld flourishing is defined as: “the emergence of a set of desirable, 

healthy qualities from ones Being to the world, simply living every day.”

While having is based on some thing that is diminished by use, being grows by practice. 

The powers of reason, of love, of artistic and intellectual creation, all essential powers grow through 

the process of being expressed. What is spent is not lost, but on the contrary, what is kept is lost. 

The mode of being exists only in the here and now. The mode of having exists only in time: past, 

present, and future. In the having mode we are bound to what we have amassed in the past: money, 

land, fame, social status, knowledge, memories. We think about the past, and we feel by 

remembering feelings of the past. We are the past; we can say: "I am what I had." The future is the 

anticipation of what will become the past. It is experienced in the mode of having as is the past and 

is expressed when one says: "This person has a future," indicating that the individual will have 

many things even though he or she does not now have them. The fundamental experience of having 

is the same, whether we deal with past or future.

Being is a continuous experience whereas Having can be viewed as a circle of wanting – 

acquiring – climax – wanting. This is why the material culture has been compared to addiction. The 

term affluenza was introduced to describe this behavior:

“Af-flu-en-za n. 1,The bloated, sluggish and unfulfilled feeling that results from 



ones efforts to keep up with the Joneses

2. An epidemic of stress, overwork, shopping and indebtedness caused by the 

pursuit of the American Dream

3. An unsustainable addiction to economic growth (de Graaf et al, 2005)[89]

This behaviour of addiction can be used using a shifting the burden systems archetype: 

The only way to break the vicious cycle of 

addiction is by changing our material culture 

towards one focused on “Being” and experiencing 

authentic experiences through living relationships 

with products. The responsibility for this shift has 

been identified as an ethical duty of designers,

(Glaser, 2005)[90] since they are the ones that 

create the environment of consumer artifacts 

around us all. In order to help designers steer 

towards that direction many frameworks for 

sustainable design have been developed. These frameworks are analyzed in the next 

chapter.



CHAPTER 2 
Frameworks for Design for Sustainability



2.1Cradle to Cradle

2.1.1Introduction

Cradle to Cradle (C2C) is a framework developed by  architect William McDonough and chemist 

Michael Braungart. The term cradle to cradle was coined by Walter Stahel in his 1982 book "Jobs 

for Tomorrow, the Potential for Substituting Manpower for Energy" in which he put forward the 

idea of a "loop economy" that would enable the extension of the life cycle of products. He saw this 

idea not as a solution but as  "a sensible point at which to start a gradual transition towards a 

sustainable society in which progress is made consistent with the world’s finite resource 

base"(Stahel 1982)[1].

This spiral loop economy would minimize energy-flow, environmental deterioration and 

matter flows while at the same time economic growth, social and technological progress would not 

be restricted. These four loops are: REUSE (loop 1), REPAIR (loop 2) and RECONDITIONING 

(loop 3) utilize used products or components as a source for new ones, and RECYCLING (loop 4) 

uses scrap as locally-available raw material. 

The cradle to cradle approach  is based on a system of "lifecycle development" initiated by 

Braungart and colleagues at the Environmental Protection Encouragement Agency (EPEA) in the 

1990s was explored through  "A Technical Framework for Life-Cycle Assessment"[2] . The details 

on how to achieve this life cycle assessment were described in the 2002 book "Cradle to Cradle, 

rethinking the way we make things". In this book the authors argued that we need to move away 

from today's system of production that:

 Puts billions of pounds of toxic material into the air, water, and soil every year 

 Produces some materials so dangerous they will require constant vigilance by future 

generations 

 Results in gigantic amounts of waste 



 Puts valuable materials in holes all over the planet, where they can never be retrieved

 Requires thousands of complex regulations to keep people and natural systems from being 

poisoned too quickly 

 Measures productivity by how few people are working 

 Creates prosperity by digging up or cutting down natural resources and then burying or 

burning them 

 Erodes the diversity of species and cultural practices 

And towards a new system of production in which people and industries will try to create: 

 Buildings that, like trees, are net energy exporters, produce more energy than they consume, 

accrue and store solar energy, and purify their own waste water and release it slowly in a 

purer form. 

 Factory effluent water that is cleaner than the influent. 

 Products that, when their useful life is over, do not become useless waste, but can be tossed 

onto the ground to decompose and become food for plants and animals, rebuilding soil; or, 

alternately, return to industrial cycles to supply high quality raw materials for new products. 

 Billions, even trillions of dollars worth of materials accrued for human and natural purposes 

each year. 

 A world of abundance, not one of limits, pollution, and waste. (McDonough 2002)[3]

In order to achieve this the authors propose a sift in industrial production based on 

principles: Cradle to Cradle Life cycle, Eco-Effectiveness, Waste Equals Food. 

2.1.2Principles of cradle to cradle

2.1.2.1Cradle to Cradle Life cycle

The framework proposes a sift from the linear cradle to grave product life cycle to cyclic one 

called “cradle to cradle”. In the cradle to grave life cycle  the product is made using  "virgin" 

materials and after its is used it is discarded and ends up in a landfill. This approach suffers from 

many drawbacks. Firstly valuable materials that demand high energy use to be extracted, such as 

metals or plastics, are simply thrown away even though they have not lost their initial properties 

and that instead of degrading they either remain underground or they are smelted together with 

other materials creating a useless amalgam of junk. At the same time materials that were never 

meant to be introduced to any ecosystem, dangerous toxic poisons such as heavy metals or 

carcinogens, putting both lives of humans and all other living creatures in risk. Recycling seems 



like a sound solution of the problem especially under the scope of Stahel's approach however the 

authors are quick to point out that most "recycling" that takes place nowadays is downcycling. This 

means that the material that is reclaimed through the recycling process is of a lower quality that the 

original material. For example recycled paper will never be as white and high grade as virgin paper. 

At the same time the constant degradation allows most materials to be downcycled a finite amount 

of times. Only a few materials, such as glass or metals, can truly be recycled allowing us to reclaim 

material of the same quality, this process however is time consuming as materials have to be 

carefully divided. For example colored or opaque glass can only be recycled if  it is smelted with 

glass of the same color, otherwise it is only possible to get brown glass, The same happens with 

metals, even if we recycle two different qualities of aluminum we will reclaim lower grade 

aluminum, a soda can typically consists of two different qualities of aluminum.

The proposed cradle to cradle life cycle aims to introduce a system that would make the 

concept of waste obsolete. When a product reaches its inevitable end it simply heralds the beginning 

of new useful “life”. At the same time the authors underline the need to sharply reduce, or even 

eliminate, all toxic materials. Of course the authors have not forgotten Newton's second law and 

propose the use of available solar income in order to  satisfy our need for energy as an alternative to 

the burning of fossil fuels. Solar income refers to solar power but it is no limited to photoboltaic 

cells, it includes solar, hydrogen, wave and air power since air and wave currents are created due to 

the sun,  In order to be able to witness this paradigm sift the way we manufacture goods has to 

change. The paradigm shift brought forth by cradle to cradle originates from the very simple 

understanding of the fact that natural life is cyclic and produces no waste since any material 

expelled from an organism can be used as food. This simple understanding can lead to the creation 

of a biomimetic and sustainable system of production and consumption with factories that output 

cleaner water than that coming in, products designed to be easily disassembled and recycled or even 

upcycled and Eco-effective buildings. However it should be noted that the cradle to cradle 

framework does not address the social aspect of the matter since it does not state that todays 

consumerism needs to slow down for sustainability to emerge, the authors believe that with 

technological fixes we can resume today's consumption ad infinitum.

2.1.2.2Eco-Effectiveness

The cradle to cradle framework is focused on Eco-effectiveness which very different from 

the Eco-efficiency proposed to by other frameworks.  Eco-efficiency was first put forward by the 

World Business Council for Sustainable Development (WBCD) and their objective is “To produce 



and consume more goods and services while using less resources and creating less waste and 

pollution” (WBCSD 1992). In order for this Eco-efficiency to be achieved we need  “Competitively  

priced goods and services that satisfy human needs and bring quality of life while progressively 

reducing the environmental impact of goods and intensity of resource use throughout the entire life-

cycle to a level in line with the Earth's estimated carrying capacity”.

On the contrary Eco-effectiveness goes one step beyond reducing the environmental impact 

and material use “embracing the challenge of being not efficient, but effective with respect to a rich 

mix of considerations and desires” (McDonough 2002). Nature creates more than it needs to and at 

the same time never goes beyond the Earth's carrying capacity, it is not efficient it is effective. Since 

nothing is wasted there is no need to reduce our use of resources, like biological systems so must 

human creations display affinity and at the same time have no, or even positive impact on the Eco-

system. In order to achieve this  however we need to change the way we manufacture  and use 

materials.

2.1.2.3Waste Equals Food

The authors propose a concept of manufacture that would abolish the concept of waste. In 

order to achieve this we need to question all materials currently in use and eliminate, or in cases 

where no substitute is available drastically reduce, all toxic materials. After a thorough examination 

of manufacturing processes the authors found out that many obsolete toxic materials were being 

used although there no need for them or there were safe substitutes available. In the cradle to cradle 

framework all materials are split in three categories: 

A material is either a biological nutrient, a biodegradable and is simply thrown to the ground 

where it returns its valuable nutrients to the earth, so it belongs to the biological metabolism. 

Design ephemera or most packaging can and should be constructed solely on biological nutrients.



 A material that is designed to return to the technical cycle (metabolism) is a considered a 

technical nutrient. Metals, recyclable plastics that are able to be recycled  efficiently after the 

product of  which they were part is discarded.

At the same time hybrid materials that are made using both technical and biological nutrients 

neither of which can be reclaimed is called a  'monstrous hybrid'. These materials should not be 

used because it is impossible to disassemble and thus retrieve the materials used. An example of a 

monstrous hybrid is the tetrapac cartons or carpets. A monstrous hybrid  can either be made either 

using two or more technical nutrients or a combination of technical and biological nutrients. The 

first case is the worst because it is impossible to reclaim the materials used while in the second case 

it is possible to wait for the biological nutrients to degrade and then reclaim the technical nutrients.

The third category of materials is the unmarketables, materials that fit in neither technical 

nor biological metabolism because of their hazardous nature. These materials  have to be safely 

“parked” until it we come up with a way to detoxify or they don't pose a danger any more. Such 

materials include nuclear waste and PVC, 

2.1.3Cradle to Cradle Certification

In 1995 the authors of Cradle to Cradle founded MBDC a consultancy that was meant to 

help industries integrate the Cradle to Cradle framework into their products, operations and 

organizations in order to eliminate waste. Companies that adhere to this framework are awarded a 

“Cradle to Cradle Certification"[5]. Products, materials and manufacturing practices are assessed in 

five categories: Material Health, Material Reutilization, Renewable Energy Use, Water Stewardship 



and Social Responsibility. There are four ranks of the certification: Basic, Silver, Gold and 

Platinum. At this point almost 450 different products have been “Cradle to Cradle Certified”.

2.1.3.1Material Health

For this part of the certification process the applicant must first identify all homogeneous 

materials present in the finished product. This is typically done by breaking the product down into 

assemblies, then sub-assemblies, then components, and finally into pure homogeneous materials. 

Any homogeneous material present at 100 ppm or higher in the finished product must be reported. 

PVC present at ANY level in the finished product must be reported. Material formulations must be 

reported down to the 100 ppm level,however the following substances must be reported at any 

level:

•  Toxic heavy metals such as lead, mercury, hexavalent chrome, and cadmium

•  Pigments, dyes, or other colorants

•  Phthalates

•  Halogenated organics

For products that use wood as a component, the source of that wood must be identified and 

it should be noted as to whether that source is an endangered forest. Also any recycled materials 

used, since it is often difficult to completely characterize the chemical content of the recyclate. In 

the case of metals, this is easier as a basic elemental analysis will show what contaminants, if any, 

are present. In the case of recycled plastics, the base resin must be identified and analytical testing 

must be done to determine the presence of any heavy metals or organohalogens. For paper products, 

recyclate must be tested (on a quarterly basis at a minimum) for the presence of heavy metals, 

organohalogens, and chlorine/chloride. 

The second step is the definition of the product and all components either as technical or 

biological nutrients.  If the product combines both types of materials they need to be clearly marked 

and easy to separate. 

The third step is ingredient characterization. In this step materials are characterized based on 

their impact on Human and Environmental Health. Once all ingredients in all materials have been 

identified materials are evaluated using criteria from  two impact categories (human and 

environmental health). A key factor in this evaluation is the risk presented by the 

component/chemical, which is a combined measure of identified hazards and routes of exposure for 

specific chemicals and materials, and their intended use in the finished product. The “score” is 



illustrated by the following color scheme:

 A 5% by weight of Grey assessed materials are allowed. However,those Grey materials 

must be fully assessed within six (6) months of certificate issuance or they will be considered Red. 

If a product contains Halogenated hydrocarbons, Lead, Mercury, Cadmium or Chrome VI  it's 

ability to receive certification will be lowered.

If materials fall in the Red category, or green alternatives to yellow materials exist, a 

strategy towards the eventual phaseout/replacement of these substances has to be developed.  The 

implementation of this plan is subject to an annual review to judge whether or not sufficient 

progress has been made to merit continued Cradle to Cradle  certification. For products containing 

wood, if that wood is sourced from an endangered forest there must be a strategy developed for 

sourcing that wood from a non-endangered forest.

Finally in order to reach the highest status of the certification (platinum) the manufacturing 

process must meet the cradle to cradle approved emission standards.

2.1.3.2Material Reutilization, 

This part of the certification has to do with the intention to design based on the double 

metabolism framework. In the first case prove that biodegradable materials clearly belong in the 

biological metabolism and in the later case describe how the closed loop needed by the technical 

metabolism will be achieved.

The first and simple criterion for this part of the certification process is calculating the 

product's nutrient reutilization score. This score has to be at least 50% for silver certification, 65% 

for gold and 80% for platinum certification. The  Nutrient Reutilization Score  is a combination of 

the recyclability/compostability and recycled/renewable content of the product and is calculated as 

follows:



Also in order to be certified there a well-defined logistics and recovery system plan needs to 

exist I order to achieve a closed loop lifecycle. This plan includes:

•  Scope: how extensive the recovery effort will be

•  Timeline: when the actual recovery will begin

•  Budget: commitment of resources (e.g., dollars, labor, equipment, etc.)

This plan can include partners outside the traditional supply chain (e.g., recycling partners, 

recovery/transportation partners, etc.). This does not necessarily mean a product take-back program. 

That is one potential strategy for closing the loop on the materials/product but there are several 

other legitimate strategies as well. For example, utilizing design for disassembly (DfD) strategies 

along with third party regional recyclers may be more effective in recovering and reutilizing 

materials than a product take back program that requires potentially very disperse products to be 

sent back to the manufacturer. In order to achieve platinum certification the aforementioned plan 

needs to be implemented and working.

2.1.3.3Renewable Energy Use, 

In this step of the the certification process has to do with maximizing the use of renewable 

energy. The cradle to cradle framework's ultimate goal is the elusive use of solar income for our 

energy needs ( geothermal, wind, biomass,hydro  and, photovoltaic)

For the platinum level of the certification at least fifty (50) percent of the energy required to 

manufacture must come from renewable sources. This includes not only the energy used to 

manufacture/assemble the final product, but the energy used to manufacture the components as 

well. In addition, the energy required for final manufacture/assembly must come entirely from 

current solar income.

2.1.3.4Water Stewardship 

For this step of the certification process a set of principles or guidelines that illustrate the 

facility’s strategies for protecting and preserving the quality and supply of water resources. Such 



guidelines include but are not limited to the  World Business Council for Sustainable Development 

– Water Principles, the Hannover Principles: Design for Sustainability – Water and the Water 

Management Principles of the Ministry of Water, Land and Air Protection from the Government of 

British Columbia.

According to the Hannover principles:

• Water use must be carefully accounted for throughout the entire design process. 

• Water sources must be protected from contamination and careful consideration given to 

efficiency techniques at every step. 

• Potable water consumption should only be used for life-sustaining functions. 

• Water from aquifers, rain water, surface run-off water, gray water, and any water use for 

sewage transport or processing systems should all be considered within a cyclical concept. 

• Waste water must be returned to the earth in a beneficial manner. Organic treatment systems 

should be considered. 

• No ground water contamination should result from any use of water resources related to the 

construction or operation of any of the project's facilities. 

• Design shall consider rainwater and surface run-off water as a possible resource for the 

inhabitants and in building systems and groundwater systems. 

• Design should minimize impermeable ground cover. 

• Gray water can be treated and applied to practical or natural purposes suitable to its 

characteristics. 

• Water use in any process-related activity shall be put back inot circulation, and toxic 

chemicals or heavy metals should be minimized. All discharges of process-related water 

shall meet drinking water standards. 

• Water, if used for sewage treatment or transportation, shall be restored to drinking water 

standards prior to distribution or reuse." ( McDonough   Braungart. 1992)[4]. 

Once again in order to achieve platinum or gold certification status additional goals must be 

included in the manufacturing process. In order to achieve higher certification status the water 

sources, uses and discharges must be analyzed so that they can meet environmental standards. 

2.1.3.5Social Responsibility

The Cradle to Cradle framework addresses the social aspect of the manufacturing process. 

The triple top line proposed by the authors is based on ecology, social  equity and economy. In this 



fashion for higher levels of the certification (Silver, gold or platinum) require that the organization 

has adopted and made publicly available one or more statements regarding their social and ethical 

performance goals which address fair labor practices, corporate and personal ethics, customer 

service, and local community.

For the highest certification levels the organization must obtain a third party social 

accreditation or is beginning a self-assessment by internally collecting data for workplace 

certification criteria adopted from a third party assessment, certification, or accreditation system 

with at a minimum, the following components of labor practices are evaluated using explicit 

criteria:

− Child labor

− Forced labor

− Health and safety

− Freedom of association and collective bargaining

− Discrimination

− Discipline/harassment

− Working hours



− Compensation Finally, the organization needs to demonstrate that it trains all company 

employees and workers in any contract assembly plants on the company’s standards for corporate 

and personal ethics.

2.1.4Criticism of Cradle to Cradle

The most important and fundamental point of criticism of the Cradle to Cradle framework is 

that I does not address the underlying problem that created the need for today's manufacturing 

process and all of it's drawbacks. The writers believe that today's rampant consumerism can and 

should continue ad infinitum as long as it does not harm the environment. However as discussed in 



the first chapter our planet has finite limits that we have to acknowledge and never surpass. Even in 

a closed loop production process that is based on a model of growth eventually the stock of the loop 

will become more than the available raw material. i.e. if we recycle aluminum 100% (which is 

improbable) but our ever increasing needs for soda cans surpasses the planet's stock we will have to 

find an alternative. This process is a vicious cycle. We need to cut down on our use of materials and 

goods if we are aiming for a sustainable future. 

Another point of criticism of the Cradle to Cradle framework has been whether it is possible 

to  indefinitely recycle with very minimal quality losses. According to several experts, this assertion 

should be re-discussed, especially because recycling conditions are much more complicated than 

what is defined and  by the Cradle to Cradle framework.

Also much criticism has been made about the way the certification process works. The fact 

that the this process  is based on a model of private consulting by a small private firm any company 

that wants to get certified has to work (and pay)  McDonough and Braungart’s company. This 

closed circuit approach does not allow a massive and broadly supported development and 

certification of cradle to cradle inspired products. Roger Cox and Bert Lejeun, Dutch lawyers, 

believe that the only way for Cradle to Cradle to reach it's full potential is to create a open structure, 

public partnership that will enable it to reach a broader audience while at the same time making it 

cheaper (or free) to to get the consultancy needed to achieve all the certification goals. However 

steps in this direction have been made. On May 20 2010 MBDC transferred the Cradle to Cradle 

Certification system to the Green Products Innovation Institute (GPII), a newly  formed, nonprofit 

organization.  GPII will train and certify assessors (called “Licensed Assessment Partners” or 

LAPs), who will assist manufacturers in complying with certification requirements as well as 

regulations of the California Department of Toxic Substances Control (DTSC). MBDC will help the 

Institute train LAPs until the Institute has the capacity to do so on its own. “In other words, we’ll 

help create our own competition,” quips Ken Alston, CEO of MBDC. In this process, MBDC will 

itself become an LAP and will continue to consult with the industry to apply the Cradle to Cradle 

framework to product and process design.



2.2Biomimicry

2.2.1Introduction

Biomimicry originates from the Greek word βιο and μίμηση and roughly translated means 

“to copy nature” according to Myriam-Webster dictionary biomimicry is defined as “the study of 

the formation, structure, or function of biologically produced substances and materials (as enzymes 

or silk) and biological mechanisms and processes (as protein synthesis or photosynthesis) especially 

for the purpose of synthesizing similar products by artificial mechanisms which mimic natural 

ones.” Biomimicry was developed in the book by Janine Benyus in 1997 and in it biomimicry is 

defined as a "new science that studies nature's models and then imitates or takes inspiration from 

these designs and processes to solve human problems"[6] at the same time the book emphasizes 

sustainability as an objective of biomimicry. Biomimicry is not a strict framework but an approach 

on how we should re-imagine both the design and development process in a sustainable fashion.

Nature can adopt three roles in a biomimicry framework. It can be the model that we try to 

mimic imitating nature’s systems design, processes and strategies in order to live sustainably, a 

mentor that will teach us how to design greener products, providing the blueprints for sustainable 

designs, or the measure against which all of our designs are judged. The main idea of biomimicry 

comes by realizing that nature has been designing much longer than humans and that by examining 

it's solutions we could find new and exciting ways to design. At the same time nature's designs have 

a nonexistent environmental footprint whereas the simplest of human designs harm the environment 

at some point of their lifecycle. But probably the most important aspect of biomimicry is the fact 

that many biological materials are better than their technical rivals. Spider silk or abalone shells are 

stronger than steel and are made in life-friendly conditions while the de facto process for technical 

materials can be summarized as “Heat Beat and Treat”, using extreme heat, high pressures and 

strong chemical treatments in order to synthesize new alloys or polymers. However biomimicry is 

not just  limited to designing new materials. New products are being developed by understanding an 

copying anything from the gecko's foot adhesive properties to natural vortexes, from tactilizing 

processors (DNA computers) to natural pharmaceuticals.

2.2.2Main principles

The biomimetic framework refers to its main principles as “life's principles”. These 



principles are universal in natural processes and are used to provide inspiration as well as guidance. 

This tool is under constant evaluation and development. In 2011 version six of life's principles was 

published. The life principles are a quintessential part of the design spiral as they are used to 

evaluate the design concepts created through this process.

2.2.2.1Evolve to survive

Nature continually changes in a manner that incorporates and embodies information in order 

to ensure survival and enduring performance. Much debate about whether evolution is goal oriented 

or totally random but for our assessment we chose to view evolution as a goal oriented process with 

an ill-defined goal of survival. Evolution can be viewed as a  design process considering this 

definition "Two autonomous systems to communicate their representational content regarding a 

possible solution to an ill defined goal (survival) -which can be internally and differently formulated 

by each autonomous system- in order to maintain and enhance their autonomy"(Arnellos 2007)[7]. 

If this is the case could the holy grail of biometric design be to mimic the evolutionary process 

adding evolution to design process of products and systems?

2.2.2.1.1Replicate Strategies that Work

This principle has to do with the repetition of  successful approaches from different systems. 

If another organism in the environment has developed a solution to specific problem then the 

prudent path is to attempt to replicate the solution.  

2.2.2.1.2Integrate the Unexpected

Biological systems are able to incorporate mistakes in ways that can lead to new forms and 

functions. The main mechanisms for this is mutation and evolution. The resilience of ecosystems is 

apparent if we consider how periods of high stress on ecosystems caused a drop in biodiversity, 

however the remaining organisms evolved in order to better suit themselves in their new 

environment. Unfortunately evolution in the design process has not been thoroughly and 

sufficiently analyzed and modeled. 

2.2.2.1.2Reshuffle Information

This principle has to do with the exchange and alteration of information to create new 

options. All biological system's goal is to increase variety. If we deconstruct the hierarchy of goals 



of a human being we would end up with “increase of variety” as the fundamental goal, this of curce 

is logical since zero entropy means death. This increase in the system's available information causes 

an increase to its variety This of course can be explained by Ashby's Law of requisite variety "Only 

variety can destroy variety" and how creating larger variety increases the likelihood of the 

emergence of new organizational structures.

2.2.2.2Be Efficient

Nature's efficiency is different from human efficiency. It is not limited to using as little as 

possible to achieve the best possible result but it has room for failure. Life utilizes materials and 

energy available within its range of influence while at the same time it recognizes local conditions 

and how local shortfalls created evolutionary pressures that promoted the persistence of organisms 

with more efficient means of using local resources.

2.2.2.2.1Use Multi-Functional Design

The Multi-functional design principle refers to the ability to meet multiple needs with one 

elegant solution. The male walrus for example uses his tusks as a tool, as a weapon or even as a 

navigational aid. Similarly human designs display this principle, for example foldout couches or  . 

However we need to understand the difference between multi-functional design and non-intentional 

design. Non-intentional design has to do with the addition of a function that was not designed to a 

product by the user, for example using a stack of books to replace a broken table's foot. Contrary to 

this in Multi-Functional design the function of the system is attributed by the designer, not the user. 

2.2.2.2.2Use low energy Processes

This principle refers to the ability of organisms to display an efficient use of energy by 

minimizing energy consumption and by reducing requisite temperatures, pressures, and time for 

reactions. For example creation of organic polymers in room temperature and pressure by a spider is 

possible while humans have to use immense amounts of energy to create a inferior product. The 

field of  biomimetic materials and material manufacture is an emerging field that continually creates 

new possibilities. 

2.2.2.2.3Recycle all Materials

All natural processes are cyclic thus eliminating the concept of waste. Even the most 

dangerous natural compounds are eventually broken down to their benign building blocks that 



through plant life are re-introduced to the ecosystem. This closed loop makes it useless to engage in 

activities such as strip mining or deforestation in order to acquire lumber since there is no need for 

“virgin” materials taken forcefully from the ecosystem.

2.2.2.2.4Fit Form to Function

The fit of form to function refers to use of limited materials and metabolic energy to create 

only structures and execute only processes necessary for the functions required of an organism in a 

particular environment. This principle was used by the Bauhaus design school but distanced itself 

from natural processes. Biological evidence of “fit of form to function exists” on the protein, 

cellular and macroscopic levels in animals and plants. This principle goes even deeper if we 

consider the fact as far as biological functions on a cellular level are considered form is function. 

The use of a protein and it's interactions derive solely from it's three dimensional shape. On a 

macroscopic scale we see that birds use different forms for their feathers depending on whether they 

exist for flight, insulation or mating displays.

2.2.2.3Adapt to changing Conditions

This set of principles has to do with appropriately responding to dynamic contexts. The 

environment of any system is a dynamic system that is always changing, this means that the model 

of the environment in the system's  perception needs to change with the same pace in order to be 

able to respond.

2.2.2.3.1Incorporate Diversity

This principle has to do with the inclusion multiple forms, processes, or systems to meet a 

functional need. This creates a failsafe since in case that one system brakes down an other system 

can and will take its place maintaining, thus the functionality of the system. 

2.2.2.3.2Embody Resilience

This principle has to do with maintaining function following disturbance by incorporating a 

variety of duplicate forms, processes, or systems that are not located exclusively together. Using 

this variety of different forms the system will be able to maintain its function no matter what form 

of perturbations exist in the environment since it is unlikely that one kind of perturbation will be 

able to destroy all the systems. The three ways to achieve this are: 

• Variation: Variation from the others in the system can give the edge towards survival for a 



species. The easier it is to mutate and evolve, thus variate, the bigger the chances of 

survival. A prime example of this is how the brown moths survived in the London smog 

whole their white counterparts simply died off.

• Redundancy: The existence of extra, spare, parts enables the system to continue it's 

function even when one system fails. This principle exists everywhere in nature and is the 

cornerstone of the eco-effective approach adopted by the cradle to cradle framework.

• Decentralization: By not having a central control and distributing control both 

geographically and systemically you allow the system to be more resilient, since you 

eradicate the chances of all centers of control failing. This approach was used when creating 

the internet TCP/IP protocol, and has been proven a successful one

2.2.2.3.3Maintain Integrity through Self-Renewal

This principle has to do with persisting by constantly adding energy and matter to heal and 

improve the system. Self healing materials or self repairing equipment sounds like an amazing 

possibility. This can be achieved with many different ways. The design of artifacts that can be easily 

repaired by the user can be done either by using modular components that can be easily swapped 

when broken or by using simple design that can be easily repaired by the end user. This of course is 

different from the way that a living organism repairs its integrity since every part of it's physiology 

has its own mechanisms of repair. 

2.2.2.4Integrate Development with Growth

Biological growth is nothing like that of the capitalist system's growth. The monetary growth 

does not include any real wold growth and is solely guided by inflation. In this fashion in order to 

attempt and reform capitalism towards a more rational pathway organizations must invest optimally 

in strategies that promote both development and growth.

2.2.2.4.1Self Organize

Most of nature's designs are not assembled by specialized organizations, instead they are 

self-assembled. DNA or crystals assemble themselves without any outside triggering. Self assembly 

is based on the notion that creating a structure that will make the environment's components move 

energetically downhill while at the same time creating order is easier than traditional 

“heat,beat,treat” that requires immense quantities of energy. Organisms use the chemical 

components found in their environment to create self-assembling structures. For example the 

mollusk releases templating proteins that interact with ions in the salt water creating a strong shell 



in room temperatures. In this fashion we have to try understand how self assembling materials 

function, identify the proteins that enable the creation of different materials and reproduce them in  

vitro.

The aim of the designer is to create the conditions that will enable the emergence of a self 

organized - self-assembling structure. A real life use of this principle can be encountered in a branch 

participatory design called “crowd-sourcing”. The on-line encyclopedia Wikipedia is an example of 

crowd-sourcing. By providing the template of an encyclopedia and allowing anyone to edit a truly 

self-assembled and self-organized project has managed to surpass commercial encyclopedias.

2.2.2.4.2Build bottom up

Bottom-up construction refers to life’s ability to assemble materials and structures by 

manipulating and organizing their individual fundamental building blocks. All natural organisms are 

built using four building blocks,  A (adenine) T(thymine) G(guanine) and C(cytosine). Using these 

we could replicate almost any living creature on the planet. This happens due to a deep complexity 

of organizational levels that allows the emergence of life. Building blocks such as proteins or ions 

in aqueous solutions typically are of much smaller scales than the final material or structure. 

Biological evidence for this exists in the workings of cells, in the hierarchical organization of 

organisms, the "most important stuff happens at the smallest scales", refers to the fact that the most 

complex, detail-filled aspects of biological designs are at the smallest scales: at first, a bone looks 

like a stick; look closer, and you see its porous structure; look closer, and you see the material is a 

composite, look closer, and you find that composite has three or four deeper levels of substructure, 

look closely enough and you get to the DNA, which is complex enough to contain the blueprints for 

the whole bone and the rest of the animal besides. This designing for detail by assembling lower 

level components enables the emergence of  new, interesting properties that would not manifest 

themselves in a top-down assembled organization.

However if this principle can create confusion if not used properly. If the designer becomes 

absorbed in the details forgetting the holistic principle that “the holon is larger than the sum of its  

parts”. Bottom up design needs to display a deep understanding of emergence and always have a 

rich picture of all the details in mind in order to avoid conflict between the parts and facilitate 

emergence.

2.2.2.4.3Combine Modular and Nested Components

This principle has to do with the creation of conditions to allow components to interact in 

concert and to move towards an enriched system. Modular components are very useful since they 



can evolve or swapped and through their evolution the whole system evolves. At the same time 

through the use of nested components the creation of different organizational layers enables the 

layers to push downwards and accelerating the emergence from lowers levels. A typical example of 

the usefulness of these levels is the  protein folding process which requires immense amounts of 

time and processing power and at the same time is simply done in all living organizations bodies.

2.2.2.5Be Locally Attuned and responsible

All sustainability is local this is explicit if we examine the global GDP we will see that it is 

highly localized as the vast majority of capital is moved in a fifty kilometers radius (Thakara 2004). 

This set of principles has to do with fitting and integrating systems  with the surrounding 

environment. 

2.2.2.5.1Use Feedback Loops

This principle has to do with the use of feedback loops instead of reflexive ones. These 

distributed loops instead of  dictating the systems behavior modify the behavior. Different loops are 

synthesized by the central control system in order to choose the appropriate behavior. These loops 

work continuously and are used by the system in order to learn. These loops are not simple reflexive 

loops, loops that cause linear behavior but are used in the central control system in order to create 

an rich picture of the environment from different sources.

2.2.2.5.2Leverage Circular Processes

This principle has to do with taking advantage of phenomena that repeat themselves and the 

use of processes that go downstream. This means that these processes don't need to use energy to 

engage but instead yield a positive energy equilibrium. Most renewable energy sources are 

leveraging such circular processes such as the water cycle or the wind cycle. Closing the loop 

through the use if biodegradable materials and using them as a nourishment through the physical 

decay of such materials, is another example of such a circular process.

2.2.2.5.3Cultivate Cooperative Relations

Contrary to the beliefs of 19th century's Darwinist biologists Nature has a way of 

maximizing utilization of the environment so that every possible ecological niche is filled without 

any unsustainable overlap. There may be several species competing within a single micro-

environment, but they can exist in harmony with the other by creating a diverse web of interactions 

that effect populations, facilitate resource transfers, ensure redundancy and generally maintain the 



biosphere. Symbiosis is a prime example of this paradigm, by living beside, on, or even inside 

another organism the resources available are used efficiently and in a sustainable fashion while at 

the same time no resources are being spent in conflicts. This type or cooperation can be encountered 

in antagonistic relationships. The hare-fox situation researched by Anthony Holley (Holley 1993) is 

a prime example. A brown hare can run almost 50 per cent faster than a fox, but when it spots a fox 

approaching, it stands bolt upright and signals its presence (with ears erect and the ventral white fur 

clearly visible), instead of fleeing. Holley concluded that this behavior is energy saving: if a fox 

knows it has been seen, it will not bother to give chase, so saving the hare the effort of running. No 

matter whether it is a parasitic, mutualistic, commensalistic or even an antagonistic relationship, it 

is an illustration of nature’s ability to co-achieve efficiency and equilibrium.

2.2.2.5.4Use Readily available Materials and Energy

All of nature's creations heavily rely on the sun. Be it photosynthesis or vitamin D 

production and an array of different chemical reactions performed by biological organisms. Human 

activity also has used existing solar income, however the industrial revolution caused humanity to 

shift from solar power to internal and external combustion engines. It should be noted here that 

solar energy includes wind power, solar power, wave power etc. With the invention of the solar cell 

it was made possible to mimic the plants ability to use power from the sun. However our attempt is 

crude when compared to the simplest photosynthetic organism. Photo-voltaic systems absorb 20% 

of the light directed at them and can lose much of their efficiency either because sunlight is not 

direct because it is cloudy or because of the buildup of dust, one teaspoon of dust on a square meter 

of photovoltaic panels causes up to 40% loss of efficiency. Also these panels need batteries that 

require toxic substances to function in order to store the generated electrical power.

2.2.2.6Use Life-friendly Chemistry

This set of principles has to do with the use chemistry that supports life processes. Most 

chemical processes have dangerous by-products that threaten the surrounding ecosystems. On the 

other hand all natural chemistry is essentially benign

2.2.2.6.1Build selectively with a small number of elements

This principle concerns the fact contrary to natural processes humans use more materials 

than needed. When McDonough and Braungart analyzed all the materials used in the carpet 

industry they found out that by using a mere thirty eight out of eight thousand chemical compounds 



usually used by the industry it was possible to create any carpet while at the same have a positive 

impact on the environment. This raises the question “do we need all these harmful substances or can 

we use healthy alternatives?” and “If we can get rid of them why don't we?”. Nature teaches us that 

it is possible to create deep complexity by using a small number of chemical elements.

2.2.2.6.2Break down products into benign constituents

All natural organisms, but humans, create no toxic waste that threatens their survival, or the 

survival of others. Even poisons created by nature dissolve into benign constituents, and are not 

dangerous to the ecosystem. All biomimetic designs need to display a lifecycle during which not 

only they will not produce any damaging waste but will create conditions that enhance biodiversity 

and life. This principle concerns both products and the materials used to manufacture them.

2.2.2.6.3Do chemistry in water

This principle has to do with the use of water as solvent in chemical reactions. Humans use 

heavily acidic solutions while all of nature's chemistry takes place in water. It is water and the 

temperature that allowed the creation of life on the planet. Abalone for example creates a protein 

scaffolding with suitable electric loads that makes salts present in the water to the fall into position 

creating a strong shell underwater and in room temperatures. 

2.2.3The Design Spiral

The design spiral is a tool that aims to aid designers that want to engage in biomimetic 

design. It was created by Carl Hastrich in collaboration with the biomimicry guild It is a cyclic 

model with five steps. Discover - Emulate - Evaluate - Distill - Translate. 



2.2.3.1Distill

The first step aims to create and develop a meaningful Design Brief of the human need: 

Develop a Design Brief with specifics about the problem to be resolved. The proposed methodology 

to do this is as follows:

By communicating with the stakeholders the designer must first understand the problem and 

deconstruct it to smaller problems that can be solved. At the same time the design specifications are 

identified. Of course non of this is set in stone, due to the cyclic nature of design these goals and 

specifications are continually evaluated and evolving.  

In the second step the designer asks himself and the client "What do you want your design to 

do?" in order to understand and identify the function (or functions) that the product of this design 

process will need to accomplish. In order to succeed in this the designer must act as a facilitator and 

not an individual. Designing what needs to be designed and not what he wants to design. In order to 

do this the designer must be focused on methodological approaches to design. At the same time we 

need to continue to ask why in order to refine the required functions until we get to the bottom of 

the real problem. Once again this process does not end when the next step begins but goes on during 

the whole design process.

Finally we need to define the specifics of the problem such as the target Market (who is 

Illustration 1: Source:Design is the problem, The future of design must be 

sustainable, Nathan Shedroff, 2009, Rosenfeld Media New York



involved with the problem and who will be involved with the solution?) and the Location (where is 

the problem, where will the solution be applied?).

2.2.3.2 Translate to Biology

The second step is what is refereed to as "Biologize the question" in this process we need to 

ask the Design Brief from Nature's perspective. Having identified the required functions in the 

previous steps we first need to translate them into functions carried out in nature. We need to 

understand a very important distinction, these functions have nothing to do with the Milician 

concept of biological functions which exist on a microscopic level but rather the functions of 

differnt parts of organisms on a macroscopic level. In order to successfully make this translation we 

need to ask “How does Nature do this function?” and “How does Nature NOT do this function?”. 

Then we need to re-frame the questions using additional key words. Finally we need to define more 

parameters in order to close on the most appropriate paradigm found in nature. In order to do this 

we need to better understand  the local conditions of the "habitat" in which our design will flourish. 

These include climate conditions, nutrient conditions, social conditions and temporal conditions.

2.2.3.3 Discover

In the third step of the design spiral we try to identify natural organisms that manage to 

resolve the challenges identified in our previous analyses. Those "champions" are organisms that 

have managed to flourish in those conditions that we have defined as problematic and thus 

replicating and synthesizing the strategies that allow them to do so will help us in designing for the 

same conditions. In order to find the natural models that fit the situations these steps are proposed:

• Find the best Natural Models to answer your questions. 

• Consider Literal and Metaphorical 

• Find champion adapters by asking “whose survival depends on this?” 

• Find organisms that are most challenged by the problem you are trying to solve, but are 

unfazed by it. 

• Look to the extremes of the habitat 

• Turn the problem inside out and on its head 

In order to find all these models the designer must either have a certain knowledge of 

biology or comb the literature in order to find these champions. On larger scale design it is possible 



to facilitate a biologist in the brainstorm process as they have the burden of knowledge on this field 

and are able to accelerate this process. On the other hand it is possible for a designer to achieve this 

knowledge of biology by incorporating the design spiral in the design process. We will discuss how 

this can be done later.

After we have identified these "champions" we need to find the repeating patterns and 

processes  that  are exhibited by the majority of these successful organisms. In order to achieve this 

we need to

• Create taxonomy of life’s strategies as they are found in the selected champions.

• Select the champions with the most relevant strategies to the particular design challenge. 

• Abstract from this list the repeating successes and principles that achieve this success. 

2.2.3.4 Emulate

In the fourth step of the design spiral we take our findings and attempt to develop ideas and 

solutions based on the natural models identified and selected in the previous steps by applying what 

we discovered from our research and analysis while we intend to achieve the deepest possible 

connection between our design and our findings. We do this in three different ways:  Mimicking 

Form, mimicking Function and mimicking Ecosystem The most important factor we need to 

understand how the scaling will effect the behavior the new system as most changes of scale in 

nature are not linear, for example if we scaled an elephant by a factor of two we would need to, 

quadruple the radius of its feet in order to support it's weight. Another point to ponder during tis 

step of the design spiral is how all the existing environmental factors influence the effectiveness of 

the existing organism or ecosystem and how new factors present in the designed systems 

environment might affect it . For example the designed system might have to be able to sustain high 

pressure a characteristic that was not required from the system we are mimicking, in this case we 

have to make formal or functional changes.

 Another way to design under this framework is to create “chimera” designs. Chimera 

designs are a combination of different forms or functions that allow us to minimize one forms 

shortcomings. However at the same time we need to find balance between the systems we attempt 

to synthesize or we might end up with a “bloated” design that due to its complexity or multi 

functionality does not work as intended. 



2.2.3.5 Evaluate

In the last step of the design spiral we evaluate the result of this process by comparing it to 

Life's Principles, the successful principles of nature as they have been analyzed earlier. Our design 

has to answer successfully to all of the life's principles. The goal of this evaluation is to develop 

new questions about our solution in order to continue to improve and refine different aspects such 

as packaging, manufacture, marketing and transport. Once these questions have been answered and 

new ones have been raised we return back to the first step (discover). This process can be repeated 

until we have covered both all of the Life's Principles and refined all aspects of our design.

2.2.3.6 Incorporating the Design Spiral in the Design Process

According to Nathan Shedroff (Shedroff , 2009) there are two ways to incorporate the design 

spiral in the contemporary design process.  According to Shedroff the design process used by many 

designers is a cyclic Plan-Observe-Design-Prototype-Test. Due to their similarities it is possible 

to replace this process with the design spiral. The main difference is that the second and third step 

are reversed since in the design spiral the second and third steps are translate-discover and in the 

contemporary design process they are observe-design. Using the design spiral in such a fashion 

however is one sided and should only be used in cases where the only focus is sustainability.

In order to reap the full potential of the biomimetic framework it must be used together with 

design rather than as a stand alone tool since nature's principles do not include the human factor at 

all. We have to use tools traditionally used in human-centered design where we have to consider the 

user  and the design spiral when we have to consider the environment and other tools for different 

facets of the design project we are working on. Since “There is no view from nowhere”  we have to 

use as many viewpoints as possible in order to create a image of the problem as rich as possible. 

This is the reason why we have to rephrase the design brief from nature's perspective. Under this 

light we understand that fitting the Design Spiral as a cog of the design where it fits most. 

According to Shedroff  the design spiral can be used in the design-prototype-test part of the design 

process as it allows us to enhance the design process in a sustainable fashion and at the same time 

avoiding a one sided design process. 



2.3Natural Capitalism

2.3.1Introduction

Natural capitalism is a framework developed by Paul Hawken, Amory Lovins and Hunter 

Lovins. It is described in detail int 2002 book “Natural Capitalism” ( Hawken 2002)[8] and the 

1994 “The Ecology of Commerce” (Hawken, 1994)[9] with a revised edition being published in 

2010. Its main focus is on rethinking the value of natural and social resources in the context of 

business in way that shifts capitalism towards new perspectives that enable sustainable design and 

development.   

The writers identify four different types of capital present in the economy.  

3. Human capital, which is the stock of competences, knowledge and personality attributes 

embodied in the ability to perform labor so as to produce economic value. It is also referred 

to as workforce. It is the attributes gained by a worker through education and experience. in 

the form of labor and intelligence, culture, and organization.

4. Financial capital, consists of cash, investments, and monetary instruments, It reflects the 

productive power and value of the other  types of capital and covers those assets of an 

organization that exist in a form of currency that can be owned or traded, including (but not 

limited to) shares, bonds and banknotes.

Financial capital is the traditional primary measure of business performance and success (the 

‘single bottom line’) in terms of reporting performance to shareholders, investors, regulators 

and government. Sustainable organizations need a clear understanding of how financial 

value is created, in particular the dependence on other forms of capital.

5. Manufactured capital,refers to any physical means of production or means of protection 

beyond that which can be gathered or found directly in nature, i.e. beyond natural capital 

and that which is not considered as "fluid capital". It includes infrastructure, machines, 

tools, and factories both private and state owned. 

6. Natural capital,Natural capital refers to a stock of natural assets that is capable of 

producing a sustainable flow. There is renewable natural capital, including self-producing 

stocks like  biomass or other biological resources, or replenishable assets such as water, 

solar energy or  atmospheric ozone. And there is non-renewable natural capital like fossil 

fuel, minerals and ores  whose income can be considered sustainable if the capital losses are 

compensated. Natural  capital is the totality of these assets. In short, natural capital is not 

just an inventory of resources; it includes all those components of the ecosphere, and the 



structural relationships among them, whose organizational integrity is essential for the 

continuous self-production of  the system itself. Under this assessment it is obvious that 

natural capital displays the characteristics required by Maturana and Varella (Maturana, 

Varella 1988)[10] to be identified as an autopoietic organization  

However  the industrial manufacture system only uses the first three types of capital with an 

emphasis on financial capital, seeing natural capital as a infinite flow of raw, free materials. 

Costanza (Costanza et al 1997)[11] estimated that biological services flowing directly into society 

from the stock of natural capital are worth at least $36 trillion annually. That figure is close to the 

annual gross world product of approximately $39 trillion—a striking measure of the value of 

natural capital to the economy. If natural capital stocks were given a monetary value, assuming the 

assets yielded “interest” of $36 trillion annually, the world’s natural capital would be valued at 

somewhere between $400 and $500 trillion—tens of thousands of dollars for every person on the 

planet. In addition to this “industrial capitalism” displays the following characteristics and goals:

• Economic progress can best occur in free-market systems of production and distribution 

where reinvested profits make labor and capital increasingly productive.

• Competitive advantage is gained when bigger, more efficient plants manufacture more 

products for sale to expanding markets.

• Growth in total output (GDP) maximizes human well-being.

• Any resource shortages that do occur will elicit the development of substitutes.

• Concerns for a healthy environment are important but must be balanced against the 

requirements of economic growth, if a high standard of living is to be maintained.

• Free enterprise and market forces will allocate people and resources to their highest and best 

uses.

This mindset originates from centuries of development. If we were to shift this focus and 

embrace the value of human and natural capital in a way that it gained the importance it deserves 

the problematic mindset we saw earlier would shift and would force us to evolve assumptions about 

our design and manufacture. 

• The environment is not a minor factor of production but rather is “an envelope containing, 

provisioning, and sustaining the entire economy.”(Dally, 1977)[12]

• The limiting factor to future economic development is the availability and functionality of 

natural capital, in particular, life-supporting services that have no substitutes and currently 

have no market value.



• Misconceived or badly designed business systems, population growth, and wasteful patterns 

of consumption are the primary causes of the loss of natural capital, and all three must be 

addressed to achieve a sustainable economy.

• Future economic progress can best take place in democratic, market-based systems of 

production and distribution in which all forms of capital are fully valued, including human, 

manufactured, financial, and natural capital.

• One of the keys to the most beneficial employment of people, money, and the environment 

is radical increases in resource productivity.

• Human welfare is best served by improving the quality and flow of desired services 

delivered, rather than by merely increasing the total dollar flow.

• Economic and environmental sustainability depends on redressing global inequities of 

income and material well-being.

• The best long-term environment for commerce is provided by true democratic systems of 

governance that are based on the needs of people rather than business.

In order to achieve this shift the writers believe that four primary shifts need to be achieved: 

Dramatically increase the productivity of natural resources, Shift to biologically inspired 

production models (biomimetic manufacturing), Move towards a solution based business model 

and Reinvest in natural capital. This approach was adopted because the belief that paradigm 

shifts take time and it would be impossible to “jump”  from the contemporary problematic 

manufacture process to a different model. Thus in order to make the shift possible our society has to 

start improving little by little by using known and proven technologies in order increase efficiency 

especially in sectors such as energy and material use. We could say that natural capitalism tries to 

put society on track to become able to adopt a more radical  framework on sustainability in due 

time.

2.3.2Radical resource productivity

The first shift that needs to be achieved on the pathway towards natural capitalism has to do 

with the way we perceive and use natural resources. The ability to do more with less is an always 

existing design guideline. By reducing  these wasteful flows wields multiple opportunities as taking 

less from the earth would deplete less resources, cause less damage due to the extraction of said 

resources and less pollution since less inputs mean less ,unwanted, outputs. This shift is not 

innovative. It is merely the continuation and acceleration of the evolution of the manufacture 



process. In order to achieve the goals of this shift and move on to the next one the writers identify 

two main ways: adopting an new, holistic approach to design and replacing old industrial with new 

less harmful to the environment.

2.3.2.1Implementing Whole-System Design

Traditional engineering often displays a failure to achieve optimal efficiency. Most times 

this is attributed to the law of diminishing returns. According to this “as you save more energy, the 

economic cost of saving the next unit of energy initially rises more and more steeply.” This makes 

the process of optimizing a system beyond a certain point economically harmful as the projected 

savings from the improvement in efficiency are less than the amount that needs to be spent in order 

to research and develop it (The cost-effectiveness limit pictured in the graph above). However most 

times this happens because instead of looking at the whole system we try to optimize each part on 

its own accord, “Optimizing components in isolation tends to pessimize the whole system”. There 

are three reasons behind this:

6. Components are optimized in isolation from other components

7. Optimization typically considers single rather than multiple benefits.

8. The optimal sequence of design steps is not usually considered

A different way to design is called the whole system design approach. The whole System 

Approach is a process through which the inter-connections between sub-systems and systems are 

actively considered, and solutions are sought that address multiple problems via one and the same 

solution. In short it is a change in mindset from traditional engineering in which engineers have 

been encouraged to find efficiency improvements in part of a plant, or a building, but rarely 

encouraged to seek to re-optimise the whole system.  A widely cited example of whole system 



approach against components optimization  is the work of engineer Jan Schilham for Interface Ltd 

while designing an industrial pumping system for a factory in Shanghai in 1997.

One of its industrial processes required 14 pumps. In optimizing 

the design, the top Western specialist firm sized the pump motors to total 95 

horsepower. But by applying methods learned from Singaporean efficiency 

expert Eng Lock Lee (and focusing on reducing waste in the form of  

friction),Jan Schilham cut the design's pumping power to only 7 horsepower 

— a 92 percent or 12-fold energy saving—while reducing its capital cost and 

improving its performance in every respect.’ He did this in two simple ways. 

First, he revisited pipe width. The friction in pipes decreases rapidly (nearly 

to the fifth power) as the diameter increases. He found that the existing pipe 

arrangement wasn’t taking advantage of this mathematical relationship, and 

so he designed the system to use short, fat pipes instead of long, thin pipes.  

Second, he adjusted the system to minimize bends in pipes (to further reduce 

friction). This Whole System Approach created a 12 fold reduction in the 

energy required to pump the fluids through the pipe system, resulting in the 

big reduction in motor size, and subsequent energy and cost savings.  

(Hawken 1999)[13]

According to Hawken whole system design enables us to engage in a process he calls 

“Tunneling though the cost barrier.”. According to Hawken there are to ways to engage in such a 

design process: “The first is to integrate the design of an entire package of measures, so that each 



measure achieves multiple benefits, such as savings on both energy and equipment costs.”and “ The 

second method is to piggyback on improvements being made anyway for other reasons“. However 

we need to strongy couple Whole System Design with Design for sustainability in order to conserve 

natural capital.

 According to Weizsäcker's book, factor four ( Weizsäcker et al 1997)[14] we need to seek to 

be restorative of the planet rather than destructive, and thus Whole System Design needs to design 

for sustainability. In the context of the loss of natural capital and the loss of resilience of many of 

the world’s ecosystems, development must be redesigned to not simply harm the environment less 

but rather to truly be restorative of nature and ecosystems and society and communities. This 

involves the complete reversal of the negative impacts of existing patterns of land use and 

development, improving human and environmental health, and increasing natural capital (i.e. 

increasing renewable resources, biodiversity, ecosystem services, and natural habitat). 

To achieve sustainability we must transform our design and construction processes well 

beyond what many today see as ‘best practice’, which merely aims to reduce adverse impacts 

relative to conventional development in an ‘end of pipe’ manner. Many of what are currently 

regarded as ‘ecological’ design goals, concepts, methods and tools are not adequately geared toward 

the systems design thinking and creativity required to achieve this challenge. An entirely new form 

of design for development is required, of which a Whole System Approach to Sustainable Design, 

provides many of the keys.  ‘To use an analogy; in the health care fields we have moved 

(conceptually) from (a) alleviating symptoms, to (b) curing illness, to (c) preventing disease, to (d) 

improving health. Development control is still largely at the first stage - mitigating impacts (i.e.  

alleviating symptoms). Restorative Whole System Approaches to Sustainable Design instead seeks 

to reverse impacts, eliminate externalities and increase natural capital by supporting the 

biophysical functions provided for by nature to restore the health of the soil, air, water, biota and 

ecosystems.’(Birkeland, 2005)[15] Taking a Whole System Approach to Sustainable Design is not 

simply about reducing harm but about restoring the environment. It is also about not just ensuring 

that future generations can meet their needs. A Whole System Approach to Sustainable Design is 

about designing systems which create a greater array of choices and options for future generations.

2.3.2.2 Adopting innovative technologies

Implementing whole system design goes hand in hand with implementing alternative 

innovative and environmentally safe technologies. Some of these technologies are already 

introduced and used but not widely known or used in one sector while they could be used in other 

sectors as well, while others are delayed by cultural or economic reasons.  According to the  Natural 



Edge's report for the Australian department of environment and water resources: “A key reason that  

there are still significant resource use improvements available through a Whole System Approach is  

that the rate of innovation in basic sciences and technologies has increased dramatically in the last  

few decades. Innovations in materials science,  are creating new ways to re-optimise the design of  

old technologies. Innovation is so rapid that six months is now a long time in the world of  

technology.” 

In order to be able to engage in such a design process designers need to be on the fringe of 

new technologies. Many times we encounter new technologies that seem to exist without a reason. 

It is the designers job to find meaningful uses for these innovative breakthroughs. However it does 

not end here. Innovation is a buzzword that seems ever present nowadays, thus one tends to wonder 

what  characteristics should a technology or a design display in order to be deemed innovative? 

According to Merriam – Webster's Dictionary innovation is define as: “the act or process of  

introducing new ideas, devices, or methods”, but this definition raises an issue, new to whom? If we 

consider innovation as a creative process and  view this under the systems-semiotic framework on 

creative process and consider Arnellos's definition of creativity “Creativity is considered as the 

result of an emergence of organizational complexity in each cognitive system participating in the 

design process, while it is trying to purposefully incorporate new constraints in its meaning 

structures”and design is defined as “the interaction between two or more cognitive systems 

resulting in a purposeful and ongoing transformation of their already complex representational  

structures and the production of newer ones, in order to fulfill an ill-defined goal”(Arnellos, 2005)

[16]. This raises the problem that while something can be considered creative (or innovative in this 

case) by the system designing it but at the same time not being innovative for anyone else. Just like 

any kind of information Shannon's law applies here as well and thus we can say that something is 

innovative for someone other than it's designer when it increases his variety.

Of course we new technology does not necessarily improve the condition. Sometimes we 

have to re-invent older technologies either by 'borrowing' technologies from a field and applying 

them on  our field of interest. This has been dubbed “piggybacking”. Another way to access new 

forms of technology is by examining how different cultures or our ancestors used to solve this 

problem. Or as Vicor Papanek says in his seminal work “Design for the real world” (Papanek, 

1984)[17] we need to surpass cultural blocks, cognitive restrictions imposed upon an individual by 

his cultural surroundings, taboos that endanger independent thinking and force an unspoken 

consensus. Usually pre-industrial revolution designs are less unsustainable than their Victorian era 

counterparts especially those used by nomads. All this forgotten technology can help us create 

interesting solutions. This process is referred to as “to leap forward think backward”.



2.3.3Redesign production according to biological models

The second shift that needs to occur towards the pathway to natural capitalism has to do with 

the manufacturing process. Shifting our perceptive towards biologically inspired models. 

Biomimicry  describes such an approach. The manufacturing process emerging from this shift will 

use closed loop manufacturing preventing the concept of waste. Like we saw in previous 

frameworks this shift has to do with the realization that human activity is the only process on the 

planet that is not circular. At the same time as we described earlier the concept of waste derives 

from this linear product life cycle, also known as cradle to grave manufacture. 

This shift is both a shift in product design and in production design, the authors use the work 

of Michael Braungart and William McDonough  for Interface carpets (also cited in cradle to cradle) 

as an example and a credential that such closed loop manufacture is indeed possible. The writers 

also emphasize the economical dimension of such a shift.

“Interface is leading the way to this next frontier of industrial  

ecology. While its competitors are “downcycling” nylon and PVC based 

carpet into less valuable carpet backing, Interface has invented new floor-

covering material called Solenium, which can be completely re-

manufactured into identical new product. This fundamental innovation 

emerged from a clean-sheet redesign. Executives at Interface didn't ask how 

they could sell more carpet of the familiar kind, they asked how they could 

create a dream product that would best meet their customers; needs while 

protecting and nourishing Natural capital.

Solenium lasts four times  longer and uses 40% less material than 

ordinary carpets – an 86% reduction in materials intensity. What's more 

Solenium is free of chlorine and other toxic materials, is virtually stainproof 

does tn grow mildew, and offers aesthetic advantages over traditional 

carpets. It;s so superior in every respect that Interface doesn't market it as  

an environmental product just a better one.”

Interface doesn't actually sell these carpets but leases them to the consumers. 

This allows the consumer to have an economic gain by selecting it and the company to 

be able to strictly regulate its product making sure that it doesn't escape from the closed 

loop technical metabolism into a traditional garbage dump.

Another shift the manufacture process must make in the pathway to Natural Capitalism is 



towards lean thinking. Initially created by Taiichi Ohno for Toyota and later systematized by 

industrial experts  James Womack and  Daniel Jones lean thinking is an intellectual and cultural 

framework for eliminating waste—which Ohno defined as “any human activity which absorbs 

resources but creates no value.”(Ohno, 1988)[18]  Womack and Jones restated thus his classification 

of the forms of waste: “mistakes which require rectification, production of items no one wants so 

that inventories and remaindered goods pile up, processing steps which aren’t actually 

needed,movement of employees and transport of goods from one place to another without any 

purpose, groups of people in a downstream activity standing around waiting because an upstream 

activity has not delivered on time, and goods and services which don’t meet the needs of the 

customer.”( Womack & Jones 1996)[19] Ohno called these muda, which is Japanese for “waste,” 

“futility,” or “purposelessness.” The concept of muda includes both waste of material and time even 

useful products that at the time are not used, either as stock or while traveling from factory to 

factory, can be classified as muda, for example a typical aluminum soda can spends 99.96%  of its 

life time as muda. Another example is the glass windshields used in cars:

“Consider the typical production of glass windshields for cars. Economies-

of-scale thinking says that the giant float-glass furnace should be as large 

as possible: a theoretically ideal situation would be if all the flat glass in 

the world could be made in a single plant. Big, flat sheets of glass emerge 

from the furnace and are cut into pieces somewhat larger than a windshield.  

The glass is cooled, packed, crated, and shipped 500 miles to the fabricator.  

There, 47 days later, it’s unpacked and cut to shape, losing 25 percent in the 

process. It is then reheated and drooped or pressed into the right curving 

shape. (Because each car model has different specifications, huge batches 

of windshields are shaped at once while a given set of dies is installed.) 

Then the glass is cooled, repackaged, and shipped 430 miles to the glass  

encapsulator. There, 41 days later, it’s unpacked, fitted with the right edge 

seals and other refinements, repacked, and shipped another 560 miles to the 

car factory. There, 12 days later, it’s unpacked and installed in the car. Over 

100 days have elapsed and the glass has traveled nearly 1,500 miles,  

almost none of which contributes to customer value”

The lean thinking method has has four interlinked elements: 

4. The continuous flow of value

5. As defined by the customer

6. At the pull of the customer



7. In search of perfection 

These four elements are essential to lean thinking. If an organization adopts lean techniques 

but  the goods being produced are useless (small or no value defined by the customer) goods will 

flow faster, muda is still the result. Also parts of the definition functionally reinforce each other 

when value gets to flow faster hidden muda in the value stream are exposed, at the same time the 

harder the customers pull goods, the more the shortcomings of flow are revealed and thus they can 

be removed improving the process. This process where value that flows continuously at the pull of 

the customer, nothing is produced upstream until someone downstream requests it, is the opposite 

of traditional “batch-and-queue” thinking, which mass produces large inventories in advance based 

on forecast demand. It should be noted that the most environmental friendly aspect of lean thinking 

is the fact that because it classifies as muda anything that is being transported and not used it helps 

minimize the transportation of goods, a sector that produces one of the biggest carbon footprints.

 

2.3.4Move towards a solution based business model

The fourth shift has to do with shifting the emphasis from product based economy to a 

service based one. Service design is an emerging disciple of design offering interesting possibilities. 

Service design was first created by Shostack in 1982 when he proposed the “integrated design of 

material components and immaterial components.”( Shostack,1982)[20] this process however was 

considered a part of the domain of marketing and management disciplines. 

In 1991, service design was first introduced as a design discipline by Michael Erlhoff and 

Birgit Mager at Köln International School of Design (KISD). They have played an integral role for 

developing the study of service design at KISD  by publishing “Touchpoint” an academic journal 

devoted to service design thinking and creating the Service Design Network  a international 

network for service design academics and professionals. Service design  addresses the functionality 

and form of services from the perspective of clients. It aims to ensure that service interfaces are 

useful, usable, and desirable from the client’s point of view and effective, efficient, and distinctive 

from the supplier’s point of view.

The most important tool in service design is the touch-point: “Service touch-points are the 

tangibles that make up the total experience of using a service. Touch-points can take many forms, 

from advertising to personal cards, web- mobile phone- and PC interfaces, bills, retail shops, call  

centers and customer representatives. In service design, all touch-points needs to be considered in 



totality and crafted in order to create a clear, consistent and unified customer 

experience.”(Zeithaml 1990)[21] In short touch-points are the places of interaction between the 

organization and the customer. They can be both material and immaterial.

It is obvious how service design can help humanity in it's pathway towards sustainability, 

since through service design we move towards a dematerialized community. For example the 

emergence of online music stores, such as I-Tunes, have caused a shift in how music is distributed 

making the material side obsolete. No resources are used to manufacture and distribute compact 

discs since the customer buys the service (music) and not the artifact (CD, vinyl disc etc).As we see 

in the table below even purely digital music has an environmental impact but considerably less. The 

same can be said for books or movies available online for digital use.

Scenario Abiotic Impact (kg) Biotic Impact (kg) Water Use (kg)
CD's bought in 

physical store

1,56 0,09 39,52

CD's bought online 

shipped to homes

1,31 0,06 46,73

Music downloaded and 

burned to a CD-R

0,67 0 23,31

Music downloaded (no 

CD)

0,6 0 20,29

Source: The environmental and social impact of digital music. A study with EMI

Another example of how service design can lead the way towards sustainability is by 

changing the paradigm from owning to leasing. We already saw how Interface leases carpets instead 

of selling them. Another example is the “Project Better Place” started by Shai Agassi. The goal of 

this project is to accelerate the transition towards sustainable transportation by completely changing 

to electric cars by 2020. The problem with purely electric cars, as opposed to fossil fuel using cars 

or hybrids, is the lack of autonomy since the range of the electric vehicle is limited by the capacity 

of its battery.  In order to solve this problem the customer will buy an electric car but will lease the 

batteries. This will give him the right to have a fully charged battery at all times. This model needs 

an extensive network of service providers, which could be achieved by simply transforming 

conventional gas stations to battery swap stations, the process of swapping batteries has already 

been researched and the results are more than satisfactory: “The automated switch process, which 

takes about a minute, is faster than filling a tank with gasoline, providing a cleaner, more 



convenient experience for drivers. The technology safely and quickly removes a depleted battery 

and transfers a fully charged battery into the vehicle. The process is seamless and automated, and 

the driver remains in the vehicle the entire time.”(Better Place, 2009)[22]. This whole system 

approach also includes the creation of charging stations, in car and mobile software to better 

facilitate the use of electric vehicles.  

2.3.5Reinvest in natural capital

The last shift towards natural capitalism will be when we understand that natural resources 

are not infinite. After doing this and having gone through the four previously mentioned shifts it is 

time to invest the earnings of this process in restoring, sustaining and expanding the natural capital. 

The authors recognize that when a company reinvests in natural capital it has long term profits that 

competitors can't reap. For example in the fishing industry a company that invests in sustaining the 

population of fish will not need to invest in new more efficient equipment that would be needed if 

the stock was dwindling. In a long term scope reinvesting in natural capital allays wields profits. 

Due to the fact that the vast majority of companies have not gone through the four aforementioned 

shifts the  prevailing economic rationality, far from encouraging investment in natural capital, 

actually accelerates the depletion of natural capital stocks. Moreover, conventional monetary 

analyses cannot detect the problem. A reason behind this is that we have not yet developed the tools 

to measure and evaluate natural capital.

Pearce (Pearce et al 1990)[23] recognizes three possible ways to measure natural capital 

based on constant physical inventory, constant present valuation of stocks, and constant income 

flows. They finally settle on monetary measures on grounds that constant physical capital would 

"be appealing for renewable resources, but,clearly, has little relevance to exhaustible resources 

since any positive rate of use reduces the stock" this approach is undertaken by the emissions 

trading markets with dubious results. However according to Wackemagel and Rees (Wackemagel 

Rees, 1997)[24] using money values as a measure of natural capital constancy is misleading from 

an ecological perspective precisely because a constant (or increasing) dollar value of a resource 

stock can result from the physical depletion of the stock (and its functions). Similarly, a stable 

income may result from rising marginal prices for resource commodities as corresponding stocks 

decline (this of course assumes that market prices are accurate and involatile, which they are not). 

Thus, monetary measures can foster the illusion of constant stocks while physical inventories 

actually shrink. More fundamentally, prices can say nothing at all about non-market, but 



ecologically essential, stocks and processes (e.g.,the ozone layer and photosynthetic CO 2 uptake), 

nor about those ecosystems functions whose value to humankind is not revealed until they are in 

jeopardy or disappear.

However even without a tool to accurately measure and evaluate natural capital the fact that 

investments in this field are so few has to do with more than an economics. There are cases where 

natural capital could be perceived as a kind of manufactured capital, especially in the primary sector 

of economy, but this rarely happens. According to Wackemagel and Rees  (Wackemagel Rees, 

1997)[25] this happens because of the existence of social and cognitive barriers to investing in 

natural capital exist. They taxonomize them in four categories:

• Ignorance, fundamental beliefs and denial. This cultural barrier has to do with the lack of 

understanding of the problem of dwindling natural capital by the majority of people, both 

average Joe and elected officials. This happens for different reasons. Sometimes it is flat out 

ignorance while other times it is based on denial of the problem, or unwillingness to take 

necessary action. This stems from the Hengelian belief  that science, or the human spirit, 

will be able to create substitute for any ecological losses. Unfortunately, nature itself seems 

to give support to the resultant inaction - systemic lag effects, ecosystems resilience, and 

large cumulative stocks trick us into believing that natural capital is infinite. 

• Economic abstraction, deviant operating models and knowledge. People act out their 

lives guided by mental models, including a shared, culturally-induced perception of the 

nature of reality and humankind's place in the scheme of things. Our personal experiences 

are always interpreted through such socially constructed 'world views.' As the nature of 

humankind-environment linkages evolves, the question is whether our dominant economic 

models are compatible with the biophysical reality out there. The fact that resource prices 

have become society's main indicator for resource scarcity and money  has become the 

dominant measure of wealth that makes all commodities commensurable while being 

detached from the biophysical reality, are some of our socioeconomic abstractions that act as 

barriers to investment in natural capital because they bear little relation to ecological reality.

• The social mimicry of individual rationality. The third barrier emerges from the 

contemporary global economic regime and more precisely by what has long been accepted 

as the 'rational' economic behavior by individuals is ever more being emulated at higher 

organizational scales at the expense of public goods and communal values. Ferdinand 

Tönnies recognized this trend over one hundred years ago in his influential treatise 



“Community and Society” (Tönnies, 1887). He traced the growing alienation and 

exploitation of people to the socio-historical transformation from 'Gemeinschafi', traditional 

societies which are community-based, to 'Gesellschaft', modern societies in which rational 

self-interest operates to weaken traditional human bonds.

• Physical and structural manifestations of modern society Undoubtedly, structural 

features of the modern economy have also accelerated natural capital depletion. The 

physical separation between consumption and production, further reliance on electronic 

media rather than direct experience, the fast-paced integration of the global economy, energy 

intensive settlements infrastructure and the loss of local political autonomy reduce 

corrective feedback for the maintenance of natural capital and amplify the dilemma between 

economic expansion and ecological integrity.

Only by going through this five shifts and surpassing these four barriers will we be able to 

re-evaluate our position in the ecosystem and the importance of treating natural capital in the same 

way we treat the other kinds of capital.

2.3.6 Criticism of the Natural Capitalism Framework

The natural capitalism framework has been critiqued for many reasons. The first point of 

criticism is that the stance of the writers is overly optimistic and does not attempt to question 

traditional (orthodox) capitalism but on three lines of the last chapter “It is not the aim of this book 

to assess how to determine value for such unaccounted-for forms of capital. It is clear, however, 

that behaving as though they were valueless has brought us to the verge of disaster[...]Capitalism 

as practiced, is a financially profitable, unsustainable aberration of human development. What 

might be called 'industrial capitalism' does not fully conform to its own accounting principles. It  

liquidates capital and calls it income. It neglects to assign any value to the largest stocks of capital  

it employs - natural resources”(Hawken 1999). According to W. Greider this happens because the 

books aim is not to “scare people” but to encourage a shift towards natural capitalism, essentially a 

capitalism with a human face. Another reason behind this optimism is the fact that books target 

group can be identified as managers and investors and in that spirit it is written in “the brisk self-

confidence of a business-management primer”. Finally W. Greider identifies that the book rehashes 

ideas “known to serious ecologists for the last twenty years”[27] going back to E. F. Schumacher's 

“Small is beautiful”.

In another review of natural capitalism M. Slesser is astounded by the fact that the writers 



seem to not take the second law of thermodynamics into account especially since “Amory Lovins 

has a degree in physics. He should know better.”. According to the reviewer the “cooking” of the 

numbers is based on a dangerous argument that if “Some recent technological developments are 

reported which can cut the energy and materials needs by (say) half. Then new ways of doing things 

can cut the need for that energy by a further half (half of a half equals a quarter), then, since we 

have cut some inputs to a quarter, other economies follow in their train.”[28] and adds that even if 

this amazing raise in efficiency was possible one cannot claim that the amount of satisfaction per 

unit of energy will stay the same. T. Trainer also spots this problems and notes that  “I've worked 

through indicate that if America was going to replace its petroleum use by ethanol, they'd need 

about 720-million hectares of good crop land. Now they've only got 190-million hectares; 720-

hectares is twice their forest areas, twice their pasture area.”

The final and perhaps most important point of criticism of natural capitalism concerns the 

way society would exist when sustainability was achieved. In contrast with what Hawken and 

Lovins describe most researchers of the field they believe that “there is no need to resort to 

government controls and social planning, because new technology will best introduced by the 

market, since the firms which innovate will cut costs and prosper, and those which don't will  

become extinct. Thus Hawken, Lovins and Lovins provide strong ideological support for one of the 

major premises of globalization; the desirability, indeed the rationality of deregulation and free 

market solutions” (Trainer 2001)[29]. This difference is caused due to the fact that the natural 

capital framework can be taxinomized as a 'technical fix', a thesis that contradicts Limits to growth, 

a standard given for most researchers in the field of sustainability. The framework does not address 

the social dimensions of sustainability and is concerned with retaining the socioeconomic status 

quo. According to both Ted Trainer and Andres Edwards sustainability includes a change in the very 

basis of the economy.

“ we have to almost completely scrap this economy. You cannot talk about a 

sustainable society in which you have an economy that not only produces 

vast quantities of throwaway stuff, but has to increase them at 3% to 4% per 

annum. That's the sort of assumption that is built into our economy. Unless  

you increase output by 3% or 4% per annum, then problems 

accelerate.”(Trainer 2001)



2.4Total Beauty

2.4.1 Introduction

Total beauty is a quantitive framework based on the notion that "anything that is beautiful is  

inclusive of sustainability" because sustainable products are those that are the best for people, 

profits and the planet.  It was developed by Edwin Datcheski (Datcheski, 2001)[30][31] and it 

includes a point system that aids a designer calculate the environmental impact of products or 

services. According to the author "Most environmental problems are caused by unintentional side-

effects of the manufacture, use and disposal of products.". Cosumers are tricked into buying 

beautiful-looking products that have an underlying ugliness (unsustainability) that is hidden to the 

consumer and is often invisible to the designer as well. This hidden ugliness stems from 

environmental and social impacts present in the products lifecycle. In order  to shift from this 

problem situation a "radical but simple framework for sustainability" is proposed. This framework 

is based on the cyclic|solar|safe is protocol used to  understand products and how they can become 

more sustainable. 

According to the writter the people responsible for this 'ugliness' are the designers and the 

manufacturers. One issue is that most designers focus on improving form and function but they pay 

less attention to fabrication, where many of the environmental and social impacts lie, with damage 

being caused by the extraction of raw materials and by pollution rising from manufacturing 

processes. Then there is the notion of producer responsibility. Products don't disappear after being 

sold. All products die eventually when they come to the end of their useful life. Where do they go to 

then? This hidden ugliness has been thouroughly analyzed by Stuart Walker(Walker,2006)[32] 

Walker proposes the creation of an aesthetic typology for contemporary unsustainable products. 

This typology would enable designers to recognize the links between the existing qualities of 

products and the usnustainable practices that produce them. 

Aesthetic 

Identifier

Description Relationship to Usustainable practices

Culturally neutral 

or bland

This is a  function of mass 

production for global distribution. 

Culrural or regional preferences and 

 In their design and production, products 

which exhibit such aesthetic neutrality 

often fail to respond to the particularities 



distinctions are generally omited 

from the design because the same 

product has to be acceptable to 

users all over the world

of the place that are so important to the 

notion of sustainable development. (Van 

der Ryn 1996)

Pristine polished 

and fragile

This is dependent on capital- and 

energy- intensive production 

processes and usually a 'one-time 

use' of finite resources to achieve 

faultless forms and surfaces.

With everyday use the 'perfect' 

appearance quickly becomes scratched 

and damaged- which can engender user 

dissatisfaction and premature product 

disposal and replacement. In addition 

delivery to the market of such products 

requires a heavy reliance on packaging. 

Thus, the flawless but delicate surface 

design of many contemporar products 

helps stimulate unnecessary consumerism 

and contributes to waste production.
Concealing and 

diguising

The exterior of the object is 

perceived as an 'envelope' or casing, 

It is usually a moulded or 

pressformed shell that has little 

baring to the function or form of the 

inner workings of the product.

This is a barrier to product 

comprehension. It not only hamperes 

with product repair, it can also contribute 

to a lack of resonance with and 

attachment to, our material possessions 

because we do not understand them and 

we cannot engage with them, ecept in a 

very superficial way.
Cold or remote The materials and finishes of many 

contemporary products are 

unfamiliar and remote in terms of 

the general user's understanding.

This is also a barrier to product 

comprehension. This quality can 

contribute to a lack of ease or comfort 

with one's material possesions and 

consequently can affect how one values 

(or fails to value) them. In turnm this can 

contribute to a lack of regard for material 

objects and an increase in their 

disposability.
Curved, rounded 

and smooth

The exterior forms of many 

contemporary products, often made 

This 'moulded' aesthetic is indicative of 

energy -and resource- intensive mass-



of plastics, are distinguished by 

forms that  can be readily injection 

moulded. Consequently, hard edges 

are eliminated, corners  are rounded 

and forms become smoothed

production processes that are 

environmentally damaging and frequently 

socially problematic. Production is often 

done in low-wage economies with poor 

worker conditions and lax environmental 

policies. Hence, this aesthetic 

characteristic can be indicative of 

environmentally and socially 

unsustainable practices
Fashionable or 

showy

Many so called 'consumer durables' 

are designed in ways that both 

pander to and spur short lived 

trends through unnecesary update 

and changes in form and colour

When such 'permanent' products which 

are problematic in terms of their disposal, 

are designed in ways that quickly become 

outdated, then it is indicative of 

irresponsible practices, a lack of respect 

for the environment and profligate use of 

finite resources. Such designs foster 

premature 'aesthetic obsolescence', waste 

and consumption
Complete and 

inviolable

This aesthetic quality is a function 

of the overall presentation of the 

object in terms of sophisticated 

forms finishes and materials.

Most products demand passive 

acceptance by the user, there is little 

added or contributed by the user. Even 

the repair of a simple scratch or break is 

not invited and it would be difficult to 

achieve a satisfactory result. Thus the 

user cannot truly 'own' the object if he or 

she cannot engage  with it, understand it 

(exept on a very superficial level) or 

mantain and care for it. Again this can 

foster a lack of valuing of the object and 

lead to its premature disposal. This 

feature is related to the 

'professionalization' of design and the 

fact that the physical descriptions of our 

material goods have been taken out of the 



hands if ordinary people and local or 

regional communities
An aesthetic typology for contemporary, unsustainable products. S..Walker Sustainable by Design, Earthscan

Even if some designs don't make much of a difference to the environment there is allways 

room for improvement. For example, the Starck toothbrush has an attractive shape, but it is made in 

the same way as normal brushes and is neither better nor worse environmentally. However, if the 

designer had chosen to chrome-plate the handle, then the toothbrush would have been made worse 

environmentally -- much worse, as chrome plating is notoriously polluting. The sustainable designer 

would have looked at how to make an attractive and exciting brush just as Philippe Starck did, but 

would also have looked at the environmental and social issues as well. This could mean making the 

brush recyclable, or perhaps using much longer-lasting natural rubber bristles instead of nylon ones.

Only about 0.001% of industrial products and services on the market today could be 

described as having good environmental performance or being biocompatible. A relative handful of 

firms have already come up with eco-product innovations and there are may be 1000 truly bio-

compatible products on the market  out of an estimated 100 million products on sale worldwide. 

Pressure for change is coming from legislators, customers and campaign groups, but somewhere 

down the line somebody has to come up with better products, services and processes  the role of 

productand business concept design is crucial.

Being eco-efficient has clear cost theory because there is a reduction in upstream production 

impacts. But in the end eco-efficiency does not deliver sustainability. There are limits to efficiency 

gains, limits which are both practical and thermo-dynamic, and further improvement becomes 

harder and more expensive per kg or kWh saved. Reducing emissions does not make environmental 

problems disappear, and because of threshold effects, may not alleviate environmental problems at 

all - for example, dumping less pollution into a river can still kill all the fish.

Environmental Management Systems (EMSs) such as ISO14001[33] offer a framework to 

drive progress. But many firms have not been sufficiently rigorous inidentifying their 

environmental aspects, and so their system simply manages a smaller subset of the real problems. 

EMSs don't do much to foster innovation, are not suited to smaller firms, and can tie up staff time in 

setting up systems and monitoring and reporting progress,rather than developing and using new 

solutions.The idea behind 'Factor X' is laudable, but ecological theory shows us that ecosystems, 

whether industrial or DNA based, strive to maximise throughput of energy and materials. While 

each product or species may develop through competition to become very efficient in their use of 

energy and materials, the number of individuals will increase, as will the number of species, giving 



the whole system the same, or more likely an increased, level of total energy and material 

throughput.The biothinking approach says:

When activity equals damage, don't try to reduce environmental impact  by trying to 

reduce the amount of activity, change the activities so that they are biocompatible and 

cause no damage.(Datsefski 1999)[33]

How can we set about a redesign of the highly complex industrial system in a practical way? 

The idea that man-made systems and natural ones can be made compatible is not new. Hardin Tibbs 

defined the goal of industrial ecology to be "To model the systemic design of industry on the 

systemic design of the natural system[...] to improve efficiency of industry and find more acceptable 

ways of interfacing it with nature"(Tibbs 1993)[35]

2.4.2 The Cyclic|Solar|Safe protocol

The basic protocols needed are very simple: use materials in cycles, and instead of emitting 

poisons, only emit materials that can be "nutrsious" for others. It therefore makes sense for industry 

to adopt this approach for a number of reasons:

• It is a logical follow through of the environmental approaches adopted so far,which have 

been piecemeal efforts to increase recycling, reduce toxics and introduce more renewable 

energy, but with no clear end in sight.

• These protocols are the same ones used by living organisms, which is the only materials and 

energy system that is proven to be sustainable – it has been going for about 3.85 billion 

years.

• This protocol-based approach works from the ground up, and once a critical mass is reached, 

will be self-organising.

• It applies the most basic strategic method – working backwards from an end point to make a 

plan. Let's have 100% recycling, eliminate toxics, and have all energy sources to be 

nonpolluting, and all by the year 2050. So the question becomes not “how much can we 

improve from here?”, but rather “what will it take to get where we need to be?” Does every 

design choice help us towards becoming 100% sustainable?

The Total beauty frameowrk is based on the fact that It is very achievable to undertake mass 

production using the basic protocols followed by natural systems. There are five design 

requirements for sustainable products. The first three mimick the protocols used by plant and 



animal ecosystems, The fourth requirement is based on the need to maximise the utility of resources 

in a finite world and the fifth recognises that all companies have an impact on the people who work 

for them and the communities within which they operate. The score of a given product can either be 

expressed as an vital statistics line (for example 50|30|90|40) or as a simple logo.

2.4.2.1Cyclic

The cyclic requirement means that materials are either recycled in a closed loop or are edible 

or compostable. There is no option for landfill or incineration. Minerals are cycled in a continuous 

closed loop, with the emphasis on re-use rather than reprocessing. Leasing, rather than selling, 

products containing such materials eliminates the concept of waste – customers may use them as 

long as they wish, but when the end-user is finished with their TV, carpet or washing machine, it 

goes back to the factory for remanufacture. Materials that are grown should be processed in a way 

that allows their eventual digestion by animals, plants or micro-organisms when they reach their 

planned end of life. Products that have combinations of these two types of material must include a 

system for disassembly, either by the end-user or on takeback.

According to the author the notion that there is no waste in nature is a myth. Examples of 

this include the sockeye salmon that die after spawning and clog the higher streams with their 

bodies and the leaves of the London Plane tree can take decades to rot down. So nature is not 

always that thrifty, exhibiting redundancy in systems and also creating much waste, although such 

waste is always utilised by other components in the ecosystem. It's important that the word "cyclic" 

is used, rather than "recycling". The word recycling includes "downcycling". The goal is to be fully 

cyclic, so that materials are used again at the same level. For example, many metals can be 

continuously cycled with no or very little loss of quality, and of course organic materials are broken 

down to their atomic constituents of carbon hydrogen and oxygen and fully re-used on each cycle. 

Such products allready exist but make up for a fraction of the market.

Financially, product takeback means that manufacturers can sell the same thing twice – 

something that refurbishers such as Xerox, Dell and ICL are realising can be very profitable. It's 



much easier to spruce up an existing component than it is to make one from scratch – and their 

refurbished products are technically the same standard as new ones.

The rise in takeback will benefit firms involved in reverse logistics – whoever will be the 

new "Fedex of Waste and Takeback" will literally double their business as a new stream of products 

starts coming back to manufacturers instead of being dumped. Of cource this requires a shift in 

corporate manufacturing from durability toward planned obsolecence and re-use.

Re-use and recycling are not always strictly cyclic, especially for organic materials. For 

example, in December 1998, some over-enterprising Newcastle florists were caught taking flowers 

from graves, and then selling them again. A laudable example of product takeback, but it earned 

them a 9 month prison sentence. It was also more about materials life extension than being truly 

cyclic. If they mulched down the flowers when they finally died and put them as compost of the 

next crop of daffodils, then that would have been cyclic.

Japan is a leader in being cyclic. While the UK manages to recycle less than 20% of its 

glass, Japan has set a target of recycling 100%. Starting in April 1997 a law came into effect that 

making it mandatory for all plastic and glass bottles discarded by households to be recycled. Some 

individual companies have forged ahead, for example some of Japan's leading beer companies have 

a target to achieve zero-waste plants by the year 2000. Asahi Breweries, which produces the top 

brand of beer in terms of annual sales, achieved a 100% waste recycling ratio at its main plant near 

Tokyo in 1996. This plant creates about 46,000 tonnes of waste a year. The company has adopted a 

system of dividing this waste into 54 categories, which are retrieved separately in 110 boxes set up 

in 22 places inside the plant. The retrieved waste is then sold to reprocessing businesses for reuse. 

For example, beer dregs, which account for 85% of the total waste, are reused as fodder for cows, 

plastic bands for packaging are reused as carpet material, vinyl bags become bathtub frames, bottle 

caps become construction materials, and cardboard boxes become recycled paper. The key point for 

the success of this project is the thorough separation of waste for collection. The plant takes special 

care to prepare separate retrieval boxes for waste that is created in small amounts, such as 

fluorescent light bulbs and batteries. In November 1997 the company set about cutting waste to zero 

at two other plants, investing a total of 200 million yen (1.5 million dollars) for the installation of 

raw waste disposal machines and other equipment. It aims to achieve the 100% recycling of waste 

at all of its nine plants in Japan by the year 2000.

At the moment, cost involved in establishing 100% recycling considerably exceeds the 

revenue that they earn from sales to reusable waste businesses, and is more expensive than simply 

disposing of the waste. However, as waste disposal costs rise, some Japanese firms believe that 

actively tackling the issue of recycling now will lead to significant benefits in the long term. There 



are also cases of new jobs being created in companies dealing exclusively with recycling. Many 

companies also report that recycling has the effect of increasing morale among employees and that 

the sense of mission involved in contributing to the environment "adds liveliness to the workplace". 

In 1995 a record 84.9% recycling rate was achieved for glass in Switzerland, according to 

Vetrorecycling AG. This means each person collected 37.4kg of glass, and represents an 8.6% 

increase on 1994 levels. The United Kingdom is bottom of the league for glass recycling in the EU, 

recycling 28% of glass as opposed to 77% in the Netherlands. Switzerland leads the world with 

84%. Some 385 million tonnes of steel are recycled each year ( or approximately 50% of the global 

steel production, all applications combined), which effectively places steel in first place among the 

most recycled metals in the world. In 1997, steel packaging was recycled in Europe at the record-

breaking rate of 52%, with Germany leading at 84% and the UK at 31%. Japan and United states 

achieved 80% and 61% respectively. In Copenhagen in 1996, 90% of construction waste was 

recycled and 9% incinerated for heat recovery, giving a total of 99% cycling – all near the city so 

minimal transportation costs were incurred. All this is evidence of a paradigm shift taking place 

beacuse consumers have come to understand that "products don't disappear after being sold. Every 

product is disposable." and that recycling is the least they can do for the environment.

2.4.2.2Solar

The solar requirement means that all materials flow and energy use is powered by 

photosynthesis, muscle or renewable energy. This covers products with mounted photovoltaic solar 

cells, or those hooked up to a mains supply powered by wind, wave, biomass, or Photovoltaic 

shells, through to products that are grown or operated by hand. This also applies to "embodied 

energy" – the energy used to provide or service or to manufacture and distribute a product.

The term "solar" is a pointer, as many renewable energy technologies have environmental problems. 

Their most optimistic scenarios for renewables suggest that by the year 2050, about half of the 

world's energy will come from renewables. (Knight, 1998 )[36]

Photovoltaic cells are being produced for power stations in unprecedented numbers, and 

prices per installed Watt are tumbling. A solar-powered photovoltaic cell manufacture factory has 

been designed, known as a 'solar breeder'. Cells built into appliances are have appeared on a wide 

array of products from calculators and wireless computer keyboards and from cars to  cappuccino 

makers. Human-powered technologies are also enjoying a renaissance with the clockwork radio and 

'kinetic' quartz watches. The business implications of renewables are long term but profound – once 

the capital cost of the equipment to harvest the energy is paid off, it's basically energy for free. And 



equipment that is plugged on the grid can create profit by selling back excess power.

Fossil fuels are stored solar energy, but they are not cyclic or safe. If they could be made to 

be so, it would mean extracting fossil fuels without spilling any, and having prefect combustion 

(which means no NOx, SOx, particulates etc. ), then all you are doing is releasing solar energy that 

has been in extremely long-term chemical storage. Every year we use fossil fuels that took about 12 

million years to lay down. If you were to try and manufacture gasoline in the same way nature did, 

with temperature and pressure, it would cost about $1 million per gallon. In the process of releasing 

energy, however, you are using up today's oxygen and releasing fossil carbon into the air in the form 

of CO2. Having higher-thanhistorical levels of CO2 in the atmosphere will cause disruption to 

ecosystems, and so is not "Safe" as defined below. While some may argue that global warming is 

merely inconvenient, in terms of flooding and weather disruption, there will be profound effects on 

habitats and agriculture. These changes will be large and a mix of helpful – the ability to grow 

wheat in Siberia, perhaps – and unhelpful – altered geographic ranges for disease vectors such as 

the malaria-bearing Anopheles mosquito. The rate of change will be a great strain on human and 

nonhuman systems alike.

Fossil fuels, be it petrol or har coal, enabled the creation of today's industrial society. 

However, if this society want to continue to exist and flourish, it must give up these resources 

before they dry up and move to new ways of extracting energy. Innovations like biofuel enable a 

smooth transition way from fossil fuel towards cleaner and renewable sources of energy.

An unsung hero of the renewable energy industry is wave power. Developed by disillusioned 

nuclear scientists Wavegen is an engineering company based in Inverness that  designed and built a 

28 metre high oscillating water column called the OSPREY - short for ‘Ocean Swell Powered 

Renewable EnergY’. This was launched off the coast of Dounreay in 1995 but was damaged by a 

storm during a vulnerable stage in its installation. Despite this setback, the potential is vast – the 

energy contained in the waves off the Scottish coast has the potential to provide almost three times 

the electricity needs of the whole of the UK.

In 1999, European Commission announced their Renewable Energy Plan:

• One million Photovoltaic Roofs

• 15 million m2 of solar collectors

• 10,000 MW of wind turbines

• 10,000 MWh of CHP Biomass

• One million dwellings heated by biomass

• 1000 MW of biogas installations



• 5 million tonnes of liquid biofuels

 

2.4.2.3Safe

“Don't kill your customers” is of cource the norm when designining and manufacturing. But 

the facts speak for themselves: the European Environment Agency reports that there are between 

20,000 and 70,000 types of chemicals on the market, and little is known about the toxicity of 75% 

of these – not even the minimum data required by the OECD for a preliminary assessment of health 

hazards to humans. Data on pathways, fate and concentrations of chemicals in the environment is 

even more scarce, as is research into the effects of combinations of chemicals. The European 

Chemicals Bureau has identified 2,500 high production volume chemicals for priority risk 

assessment, and as of 1997 they had completed studies on ten of them. The only way to be sure that 

no harm will be inflicted is to not release anything that is not food for another process, and to do 

that it is necessary to do the research.

To be safe, products and process have to be free from toxic compounds and releases at all 

stages. This means that releases are nurishment and they do not disrupt ecosystems or are inert. A 

safe process or product cannot chemically or physically disrupt humans or other life. Toxic releases 

are releases of things that are not nurishiment for something else, or are releases of potential 

nutrients, but in the wrong place.

A release is a deliberate or accidental discharge of materials to air, water or land. This 

obviously includes liquid effluent from pipes, smoke from chimneys, and spills onto the ground. 

However, as all product are ultimately disposable, it also includes products themselves. If there is 

no plan or system for product takeback and full reuse and cyclicity, then every product sold 

represents a toxic release when it is discarded to a landfill. 

The definition of "safe" includes both chemical and physical disruption to people as well as 

to other forms of life:

 Chemical Disruption Physical Disruption
People Human toxicity Physical Injury, Noise
Other Life Eco-toxicity Land take, Noise, Enclosure, 

Ecosystem unbalance

Another way of looking at “safe” is that it's the opposite of hazardous. The legal definition 



of "special waste" in the UK is defined in the Control of Pollution Act (1974) and Special Waste 

Regulations (1980) as “materials which, if a 45 cubic centimetre sample was ingested by a child of  

up to 20kg in weight, it is likely to cause death or serious tissue damage”. So in vernacular terms, 

"safe" means tha t you should be able to eat a handful or drink a glass of it and not die. 

The release also must not disrupt the system into which it goes. For example, a small amount 

of milk spilt into a stream will be utilised by micro-organisms, but a large spill will cause a large 

growth in micro-organisms, starving other aquatic life of oxygen and so disrupting the balance of 

species.

Ecosystems are resilient, but they are not indestructible. While many natural forces – 

drought, fire, flood, frost or species migration – can affect it, an ecosystem will usually continue to 

function in a recognisable way. For instance, a pond ecosystem may go through flood or drought but 

continues to be a pond. This natural resilience of ecosystems enables them to resist change and 

recover quickly from disruption. Or if the strain is too much to evolve in order to survive.

On the other hand, toxic pollutants and other non-natural phenomena can overwhelm the 

natural stability of an ecosystem and result in irreversible changes and serious losses. For example: 

the decline of forests, due to air pollution and acid deposition. The loss of fish production in a 

stream, due to death of invertebrates from copper pollution. The loss of timber growth, due to 

nutrient losses caused by mercury poisoning of microbes and soil insects. 

Biomagnification is illustrated by a study of DDT which showed that where soil levels were 

10 parts per million (ppm), DDT reached a concentration of 141 ppm in earthworms and 444 ppm 

in robins. Through biomagnification, the concentration of a chemical in the animal at the top of the 

food chain may be high enough to cause death or adverse effects on behaviour, reproduction, or 

disease resistance and thus endanger that species, even though contamination levels in the

air, water, or soil are low.(Carson, 1962)[37]

There is an mistaken assumption that to be effective, a “nasty chemical” is necessary 

however this is not the case. It has been proven time and time again that safe substitutes exist. We 

deal with toxic compounds every day, in a "death by a thousand cuts" kind of torture, where the 

effect of each exposure is too small to measure using today's science. In our tooth fillings, mercury 

vaporises due to saliva corrosion, causing identifiable problems. The British Dental Association say 

in a 1997 statement that this is no problem as only 3% of the population are sensitive to mercury – 

yet if even a tenth as many people were affected it would be considered a problem of epidemic 

proportions (defined as 0.4%). The fluoride in just one tube of toothpaste is enough to kill a small 

child, according to Procter and Gamble, and another toothpaste ingredient, saccharin, is on the US 

list of suspected carcinogens. A 1999 report by WWF found that breast milk in Britain contains a 



chemical cocktail of pollutants that exposes babies to higher than recommended levels of toxic 

substances. Some 350 contaminants were found, including pesticides and 87 dioxin and dioxin-like 

substances. The report found two-month-old British babies  were being exposed to 40 times the 

World Health Organisation's daily limit of a range of chemicals. (Despite this, WWF say that breast 

feeding is still the best way to nourish new babies, as it provides immunological advantages, 

important nutrients and encourages bonding between mother and child). Some marine mammals 

now have such high levels of PCBs in their bodies that they are classified as toxic waste. 

Pharmaceuticals are turning up in drinking water, having passed through people's bodies. The UK 

does not monitor drugs in the water supply at all, even though concentrations can rival those of 

pesticides. Drugs administered to farm animals also contribute, especially antibiotics, giving rise to 

concerns about spreading antibiotic resistance, and the toxicity of many pharmaceuticals to aquatic 

life including algae and crustaceans. A 1999 Danish School of Pharmacy report showed that drugs 

are highly mobile and persistent – up to 90% can be excreted in urine.

The US Environment Working Group produced a 1998 report "Overexposed,

Organophosphate Insecticides in Children's Food"(Wiles, Davies, Campbell, 1998)[38]. It found 

that one million children under five consume unsafe levels of organophosphate insecticide residues, 

particularly from peaches, grapes and apples. In the US, the Food Quality Protection Act required 

that regulations must address the cumulative exposure to pesticides with similar health effects. The 

five highest risk organophosphates are methyl parathion, dimethoate, chlorpyrifos, pirimiphos-

methyl and azinphos, and health and environment groups are calling for an immediate ban on them.

Nuclear waste is widely known as a problem, but less well known is the fact that all nuclear 

power stations emit radioactivity to air and water on a daily basis. Some of the most poisonous 

substances known are natural toxins. An extremely potent carcinogen is the mycotoxin Aflatoxin 

found on badly stored nuts, maize and grains. Zearalenone, found in grains, maize and hay can 

mimick hormones like oestrogen. Livestock, and as a consequence human beings, may be exposed 

to traces of these toxins through concentrated feedstuffs that has been inappropriately handled and 

stored. Some phytoplankton can under certain circumstances produce potent toxins, killing off all 

other life in the sea in the vicinity. However, most natural toxins are less accumulative and less 

persistent in comparison to many synthetic hazardous substances.Gold, silver and copper were 

mined in great quantity from the Panguna mine on Bougainville in the North Solomons province 

before a guerrilla war against the mine by inhabitants forced it closure in1989. Located near the 

centre of Bougainville, the copper mine is one of the world's largest artificial holes. Philip Hughes, 

Associate Professor in Environmental Science with the University of Papua New Guinea, describes 

the damage caused: "No environmental impact studies were carried out, and between 1973 and 



1989, when the mine was forced to close, about one billion tonnes of ore and waste were processed.  

About half of this was deposited in rock waste dumps adjacent to the mine. The remainder, mostly  

tailing from ore processing, was discharged into the Jaba River valley. All aquatic life in the Jaba 

River and its floodplain was destroyed as a result of this chemical and physical pollution." The 

copper sulphate turned the rivers turquoise. Every year, more mercury ends up as emissions to air, 

water and soil than there is mercury used in products such as batteries, fluorescent tubes, electrical

equipment, chloralkali, paint and tooth fillings. 

These facts is indeed draw a grimm picture. According to the author in each one of these 

cases, we have to ask, "Show me the pathway where these compounds are safely absorbed by 

nature", and in each case the approach of dilution and dispersal is insufficient. The idea of risk has 

been used to justify these releases. For example, a firm may say, “there is only a small change that 

the radioactivity will actually damage one of your cells, and an even smaller chance that this 

damage will give you cancer or other problems.”  So which ones are the real bad compounds? 

Surely some are better than others. Volvo has a very useful “black list” of compounds. New 

products containing one or more of these chemical substances listed must not be put into use in 

Volvo products. Phase-out plans with final date of use are required for those listed chemical 

substances, which have not been fully phased out. The black list includes: CFCs, Asbestos, Halons, 

PCBs, Carbon tetrachloride, Trichloroethane, Tetrachloroethylene, Lead chromate, Cadmium and its 

compounds, Mercury and its compounds, Chlorinated paraffins, and Mineral oil with Polyaromatic 

Hydrocarbons (PAHs). This is a very basic starting place. Also worth looking at are the Grey List, 

compounds which are of doubtful safety, and the White list, a list of suggestedalternatives to black 

and grey list compounds. See:

• http://www.tech.volvo.se/standard/docs/10092.pdf

• http://www.tech.volvo.se/standard/docs/10091.pdf

• http://www.tech.volvo.se/standard/docs/100911.pdf

The Grey list restriction refers to each deliberate use of the chemical substances specified in 

the standard at concentrations exceeding 0.1% by mass. The white list is not inclusive, and there 

might be other alternatives with acceptable properties, and technical development may lead to new 

applications not yet appearing on the list. Of cource Volvo is not the only available way to choose 

safe materials, like the  step "Material Health" of the cradle to cradle certification process already 

analysed.

By changing the working process, it may even be possible to perform the task without the 

use of chemicals. However, it still some way off a fully sustainable list – perhaps a "green list" or 



"ultra-white" list will appear eventually. It is really quite simple. Things that go into the biological 

metabolism should not contain mutagens, carcinogens, heavy metals, endocrine disrupters, 

persistent toxic substances, or bio-accumulative substances.

In 1999, the Swedish parliament approved 15 environmental goals that it hopes will 

contribute to the achievement of sustainable development within onegeneration. 

1. Achievement and maintenance of clean air.

2. Unpolluted groundwater.

3. Living lakes and waterways.

4. Vibrant water meadows.

5. a sea in balance and a living coastline.

6. Balanced use of fertilisers.

7. Absence of acidification.

8. Living forests.

9. Rich landscape.

10. Healthy mountain ecosystems.

11. Pood built environment.

12. Poison-free environment.

13. Absence of radiation.

14. A protective ozone layer.

15. Limited climate effects.

The targets relating to chemicals policy are particularly far-reaching, aiming to ensure that 

all products sold in Sweden by 2020 are free from carcinogenic, teratogenic and endocrine-

disrupting substances. In particular, it envisages eventually banning the use of persistent or 

bioaccumulative substances unless producers can demonstrate that they will not harm health or the 

environment. Significantly, both Greenpeace and The Swedish Chemical Industries Association 

broadly welcomed adoption of the policy, which it described as "negotiable and workable".

The problems and solutions described so far relate to chemical toxicity. Despite the enormity 

of the chemical problem, the physical disruption of whole communities may be even more serious. 

Ecosystems can be damaged in many ways, ranging from fish and wildlife kills to forest decline, 

resulting in biological, economic, social, and aesthetic losses. A 1998 study found that alien specees 

are behind the disappearance of nearly half of the imperilled species in the United States. Alien 

species are defined as plants and animals that are not native to a given region, but which have been 

brought there by people. 

Some are brought there accidentally aboard ships or planes; others are intentionally released. 



Once in these new areas, they can increase in numbers and displace native species from their 

habitats. For example, Chinese Mitten Crabs are burrowing under the Millenium Dome in London. 

The crabs were first spotted in the Thames 50 years ago and the population is booming as a result of 

improved water conditions. They arrive when bilge water or water used for ballast is discharged 

into a harbour, and have also been found in San Fransisco Bay, where they have spread with 

amazing rapidity since their introduction in 1994. The crab was first identified in Europe in 1912, 

and by the 1930s millions of crabs migrated up Germany's major rivers clogging dams and climbing 

onto shore, where they wandered city streets and entered homes. They devastated fisheries and 

destroyed river banks and levees causing floods and other damage.Species frequently balloon in 

numbers shortly after their arrival in a new ecosystem, later levelling off as they settle in to their 

new niche. Other ballooning populations never collapse, such as the zebra mussel in the Great 

Lakes, which has completely overrun entire ecosystems. The main point is that you never know 

what's going happen when you introduce a new creature into an ecosystem . To be safe, we must 

look after the health of the land and sea and the living things, including us, that inhabit it. Aldo 

Leopold said it nicely back in 1949: "Land is not merely soil; it is a fountain of energy flowing 

through a circuit of soils, plants and animals[...] A thing is right when it tends to preserve the 

integrity, stability and beauty of the biotic community. It is wrong when it tends otherwise."(Leopold 

1949)

2.4.2.4 Efficient

Materials efficiency makes obvious sense for business, as it means you can maximize the 

profit margins of a resource, the same goes energy use.

Trees are efficient when they are young, converting sunlight to biomass in order to gain 

height and compete for access to sunlight. However, once at the top of the forest canopy, the mature 

tree then takes things easy, capitalising on its market position and efficiency decreases, rather like 

an old established firm with a solid monopoly or cartel-like stability.

It seems that it's natural to use energy, and the more the better.Odum (Odum ,1955)[39] and 

Lotka (Lotka ,1922) suggested that those biological systems that survive are those that develop the 

most power inflow and use it to best meet their needs for survival. Schneider and Kay (Kay & 

Schneider, 1994)[41] proposed that a better description of these "power laws" would be that 

biological systems develop in a manner as to increase their degradation rate, and that biological 

growth, ecosystem development and evolution represent the development of new dissipative 

pathways. So ecological theory shows us that ecosystems strive to maximise throughput of energy 

and materials. While each product or species may develop through competition to become very 



efficient in their use of energy and materials, the number of individuals will increase, as will the 

number of species or product

types, giving the whole system the same or more likely an increased level of total energy and 

material throughput.

As ecosystems develop or mature they should increase their total dissipation, and should 

develop more complex structures with greater diversity, more cycling, more energy flow and more 

hierarchical levels. That's the story for the system as a whole. For an individual organism or 

organisation, efficiency is the key way in which to compete for a set of resources such as sunlight, 

water or minerals.

Overall, the economy uses 10 tonnes or more of materials for every tonne of product that is 

finally used by consumers. There is a growing movement that believes we can be much more 

productive with the materials used by industry. Improvements of a factor of ten or more are 

possible. The product's efficiency in manufacture and use is improved by a factor of ten, requiring 

90% less materials, energy and water than products providing equivalent utility did in 1990.

2.4.2.5Social

Product manufacture and use must support basic human rights and natural justice. 

Unfortunately, workers are all too often treated badly. A totally-beautiful product will have been 

made by people who are living a decent life and are treated fairly. So the social requirement means 

checking working conditions all the way up the supply chain – which is something of a recurring 

theme in sustainable product development. You have to know where materials and components are 

coming from and how they are being made.

In order to translate this fuzzy notion of natural justice Datcheski has adopted the principles 

of the SA8000 standard, which are based on a consensus on what organisations working in this area 

think is important. These principles are also based on the conventions of the International Labor 

Organization, the Universal Declaration of Human Rights and the UN convention on the Rights of 

the Child. SA8000 specifies that, at a minimum, companies should

• Not engage in or support the use of child labour

• Provide adequate support to enable such children to attend and remain in school

• Not engage in or support the use of forced labour

• Provide a safe and healthy working environment and ensure that all

• Personnel receive regular and recorded health and safety training

• Respect the right of all personnel to form and join trade unions of their choice and to bargain 



collectively

• Not engage in or support discrimination in hiring, compensation, access to training, 

promotion, termination or retirement based on race, caste, national origin, religion, 

disability, gender, sexual orientation, union membership, or political affiliation

• Not allow behaviour, including gestures, language and physical contact,that is sexually 

coercive, threatening, abusive or exploitative

• Not engage in or support the use of corporal punishment, mental or physicalcoercion, and 

verbal abuse

• Not, on a regular basis, require personnel to work in excess of 48 hours per week and 

provided them with at least one day off for every seven day period

• Ensure that overtime work does not exceed 12 hours per employee per week, is not 

demanded other than in exceptional and short term business circumstances, and is always 

remunerated at a premium rate

• Ensure that wages paid for a standard working week shall meet at least legal or industry 

minimum standards and shall always be sufficient to meet basic needs of personnel and to 

provide some discretionary income

• Comply with prevailing laws, regulations and other applicable requirements(SAI, 2008)[42]

To make sure that these principles are not just a piece of paper, the "plan, do, check, act" 

management system concept underpins SA8000, requiring executive responsibility, control, and 

continuous improvement in performance.

2.4.3The cyclic|solar|safe Scoring System

Because there are five categories described,Datschefski’s system is easy to 

remember.However, many designers have problems understandingthe scope of Cyclic and Solar 

becausethey encompass what often seems like unrelated criteria. It’s also not as obvious how to 

measure or approach these first two goals as it is for Efficient and Safe. Datchefski introduces a 

scoring system to assess the “beauty” of products against each of his five criteria. This system is 

more easily applied to existing products than it is to creating new solutions, although it might 

provide a starting point in thinking about improvements or replacements to existing products.



Cyclic (%) = ( % recycled content + % material recycled ) / 2

Efficient (%) = 100 (1- 1
N ∑

1

N

[ today
1990

] ) Based on the goal to reduce the energy an material 

consumption to 90 percent of the average levels in 1990. N stands for the number of different 

manufacturing processes used to create the product while 'today' and 1990 stand for the amount of 

energy used for said processes in 1990 and today. The same equation is used for materials.

Solar (%) = % of total energy from renewable sources. This includes embodied energy. 

Refer to the LCA framework to appreciate how this must be calculated throughout the life cycle. 

Renewable sources include solar, wind, muscle, photosynthetic, geothermal, hydro, and wave 

power.

Safe (%) = % non-toxic lifetime releases of all outputs (to air, water, waste, etc.)

Apparently, Social isn’t scored. Instead, products and services that don’t rate well socially 

shouldn’t be considered further.

This scoring system includes ugly points for particularly bad performance criteria, materials 

use, energy inefficiency, or social ills. This is the simplest and easiest part of the system to 

calculate. As with EIO-LCA, it is based on rough assumptions and averages, not on actual data from 

measurements. Examples of ugly points

for different materials include the following:

• –1 for every kilogram of bioplastics, ceramics, asphalt, concrete, wood, stone, and brick

• –5 for every kilogram of food, glass, most plastics, paper, rubber, steel, textiles, clothes, 

furniture, gas, diesel, carpet,

• –15 for every kilogram of aluminum, light bulbs, paint, plastics like polystyrene and 

polycarbonate, stainless steel, and electronic assemblies

• –50 for every kilogram of gold, lead, brass, nickel, copper, chromium, chromed steel, 

cadmium, zinc, and batteries of any kind

Also, it’s possible for the same element to score differently—sometimes drastically—in 

different categories. For example, even if a material is grown organically and harvested by 

equipment that is powered by renewable sources (scoring highly in the Cyclic and Solar categories), 

it can still be harvested by slaves (scoring low in the Social category) or be an unsafe material 

(scoring low in the Safe category).



Likewise, although Datschefski’s criteria favor solutions that are biomimetic or “natural,” 

they may still be socially acceptable.

Total Beauty can be scored relatively or absolutely, meaning the points awarded in scores 

can be calculated from absolute quantities for a product or assessed in relation to competing 

alternatives (such as scoring and adding plusses and minuses in performance categories instead of 

numbers to give a relative comparison between alternatives).

To better illustrate this method an example of it being used to evaluate a product follows.

Designed by Eva Solo Denmark, this selfwatering flowerpot has won numerous design

awards, including a 2005 International Design Excellence Awards (IDEA) Silver Medal. 

The pot helps reassure users that their houseplants won’t die from over- or under-watering, as the 

flowerpot always delivers the correct amount ofwater to the plant via a wick 

The design is considered to be aesthetic and functional, 

but is it sustainable?

The entire product consists of three parts: a ceramic 

flowerpot, a nylon wick, and a glass bucket that functions 

as a base. The product is sold primarily through online 

retailers for $35–$40, and is produced in two sizes with 

various colors. The flowerpot itself is made of advanced 

ceramics. A 9.5” nylon wick is laced through the bottom 

holes of the pot, and dangles into the

water bucket underneath, allowing the plant to absorb 

water as necessary, mimicking the plant’s

own roots. The glass bucket holds roughly one week’s worth of water for a typical houseplant and 

is translucent to easily see if the water level is low.

Cyclic: 61.5% (60% for the ceramic + 61% for the glass + 35% for the nylon wick + 90% organic, 

divided by 4)

Solar: 28.75% (5% for the ceramic + 5% for the glass + 10% for the nylon wick + 95% organic)

Safe: 57.5% (45% for the ceramic + 30% for the glass + 60% for the nylon wick + 95% organic)

Efficient: 50%



Social: 87% (based on issues with nylon production)

Ugly points: 2.25

Note: One of the issues with the Total Beauty framework is that products made from traditional 

materials and processes suffer because recent efficiencies are much less likely compared to what 

has been achieved over hundreds of years. Ceramic and glass-making are old technologies whose 

efficiencies have been reasonably achieved for a long time—certainly predating 1990 by many 

decades. In other words, they may be as efficient as they can be made. This penalizes older 

materials and processes. Though the product scores relatively well already, the team that evaluated 

it was still able to identify some potential improvements: • Sourcing the energy used to make the 

components from renewable sources • Using traditional ceramic (such as clay refractory) instead of 

the advanced ceramic • Using recycled materials as much as possible in the manufacture of the 

three parts • Using an organic cotton wick instead of nylon • Manufacturing in several locations to 

reduce transportation

Evaluation by Eunice Barnett, Lindsay Clark, Stephen Lamm, Hillary Meredith, and Daniel

Winokur, Presidio School of Management, 2008.

www.evasolo.com
Source: (Shedroff, 2009)[43]



2.5 Natural Step

2.5.1 Introduction

The natural  step is a framework developed shortly after the publication of the  Brundtland 

Report by Karl-Henrik Robèrt in 1989[44][45]. This framework proposes four fundamental system 

conditions to help stabilize the global biosphere. It is based on systems thinking; recognizing that 

what happens in one part of a system affects every other part.  The natural step Framework gives an 

organization the tools to look at the whole picture, understand the environment encomapsing the 

system, define goals, and move towards those goals.

Any successful team must have a common language and understanding in order to facilitate 

cooperation. The TNS Framework provides this shared mental model of sustainability by helping 

people across organizations, disciplines and cultures to communicate effectively, build consensus 

and ultimately move toward their vision. We use an upstream approach that anticipates and avoids 

problems before they occur, rather than reacting to their downstream effects.

This Framework gives organizations and designers the tools to perform a gap analysis using the lens 

of sustainability, and then work toward closing the gap. Furthermore, The Natural Step Framework 

complements other sustainability tools and methodologies, such as life cycle analysis or 

environmental management systems, by providing the context and strategic vision that makes them 

more effective.

To achieve this the Natural Step Framework:

• uses metaphors such as a funnel and the tree to illustrate the problem with our current 

industrial system, and a scientific understanding to identify how we can open the walls of 

that funnel. 

• defines sustainability with 4 sustainability principles that individuals and organizations can 

use to build strategies toward sustainability. 

• has evolved through a practice that demonstrates that strategic sustainability requires: 

• backcasting from sustainability principles (planning from success) 

• prioritisation of actions to ensure that all selected actions are (1) moving in the right 

direction (towards sustainability), (2) flexible platforms that avoid dead-end 

investments, and (3) good business decisions (ie. offer an adequate return on 

investment). 



The natural step is a five level framework. This five level framework is a model for planning 

in complex systems. It allows us to be deliberate and thoughtful in our journey toward 

sustainability. The key considerations of the five level framework include: 

• It takes a whole-system perspective – avoiding a common tendency in planning to focus on 

only a sub-set of issues, areas or topics ignoring broader, connected issues leading to a need 

to expand system boundaries. 

• It facilitates intellectual analysis of the interrelated elements of strategic planning and how 

they inform one another, by clarifying: 

• The distinction between the different levels, e.g. helps people to not confuse 

characteristics of the system itself with success principles within that system, or 

success principles with strategies; and 

• The interrelationships between the different levels. The most essential aspect is to 

clearly understand the relationship between the System, Success and Strategic 

Guideline levels, as this provides the foundation for identifying appropriate Actions 

and deciding on Tools appropriate to the endeavor. However, communication also 

between other levels is often helpful, 

• It promotes a strategic approach 

• It contextualizes the role of “backcasting from success principles” as a powerful way 

to maintain strategic direction towards success in planning and change processes that 

are complex and confusing. 

• It is intuitive (and often used implicitly) for individuals making decisions in complex 

systems, as illustrated by the example above and the metaphorical examples from the 

textbook regarding chess, football/soccer, moving to a new home etc. When used by 

groups explicitly, it can help us make sense of complexity, build successful teams, 

and co-create common purpose. In so doing, it can help foster cooperation, where 

experts from different fields can cooperate more effectively through use of a shared 

decision-making framework 

1. System Level – The goal of this level is the identification of the scope of the system we’re 

dealing with. In terms of sustainability, the system is the entire biosphere. So we need an 



understanding of the way our system works, the problem situation, the reasons behind the 

problem situation's existence.

2. Success Level – In this case the success level is “sustainability.” The success level is the 

goal of the transformation process in we which we engage.

3. Strategic Level – The goal of this level is the creation of strategic guidelines for 

organizations to follow in implementing the framework and taking actions towards 

sustainability. The most important strategy to focus on is backcasting from principles: it 

consists of establishing a vision of the organization in the future where the four 

sustainability principles are not being violated and then ‘backcasting’ to the present to see 

what specific actions should be taken first to start strategically working towards that vision.

4. Action Level – On this level there are the concrete actions that are taken on the path to 

sustainability. Depending on the nature of the organization, this could include things like 

phasing out fossil fuel use by switching some capacity to renewable energy, or substituting 

metals that are naturally abundant in the biosphere and therefore benign for ones that are 

scarce and potentially harmful or even the use of socially acceptable labor such the 

abolishment of slave and child labor.

5. Tools Level – The lowest level includes a variety of tools that help organizations manage 

their path towards sustainability. They include Environmental Management Systems, ISO 

14001, Life Cycle Assessment, Factor 10, Natural Capitalism, Ecological Footprinting, Zero 

Emission, etc.

2.5.2The Natural Step Resource Funnel

In order to  understand the problem of the contemporary global ecological crissis The natural step 

framework uses the funnel as a metaphor to help visualize the economic, social and environmental 

pressures that are growing on society as natural resources and ,ecosystem services diminish and the 

population’s number and consumption grows. explain this funnel as follows 

“Imagine humanity being poured into the funnel. The sides of the funnel  

represent the way in which we encounter natural and social limits. One side 

is the ‘supply’ axis: the declining ability to provide products and services as 

a result of damage caused by pollution and the destruction of habitats. The 

other represents demand: the increase in the world’s population, and with it  

the rate of resource consumption. 



Entering the funnel, humanity finds itself in increasingly stressful  

conditions, leading to more intense competition for the remaining 

resources. As well as further impacting on the natural environment, this  

increased competition yields social problems: inequalities, limited access to 

the essentials for life, and conflict[…] 

As the walls of the funnel close in, we need to ensure we do not place more 

demands on the environment than can be sustained, either by reducing per 

capita consumption, or reducing population, or a range of other activities 

that will avoid a damaging impact with the many factors that make up the 

walls of the funnel. This is what is meant to live ‘within environmental  

limits’. Ultimately, it is possible for the walls of the funnel to open out 

again, as we work to restore the capacity of the environment whilst  

reducing our demands on it.”  (Nattrass & Altomare, 1999)[46]

According to the developers of the natural step framework every one of us has the 

opportunity to be more strategic about our choices and long-term plans. This can be accomplished 

through innovation, creativity and the unlimited potential for change, society can shift toward 

sustainability and begin to open up the walls of the funnel. Of course the means to do this differ for 



everyone. Forward looking organizations must position themselves to avoid the squeeze of the 

funnel and invest toward opening the walls and creating a truly sustainable and rewarding future. 

Designers must aid these organizations by creating products that have less environmental impact 

and use less resources, and consumers need to choose what they buy carefully. 

2.5.3 The system Conditions

The next step in the natural step framework is understanding four system conditions, what 

the framework refers to as the “rules” of the game. Left to its own devices, the earth is a sustainable 

system. However, the accumulated impacts of human activity over the past two centuries are now 

threatening well-being of humankind. According to the natural step framework, human society is 

damaging nature and altering life-supporting natural structures and functions in three fundamental 

ways. In order to minimize the impacts of human activity three basic conditions that must be met if 

we want to maintain the essential natural resources, structures and functions that sustain human 

society were defined. Further, acknowledging that human action is the primary cause of the rapid 

change we see in nature today,  a fourth system condition was included, The last condition focuses 

on the social and economic considerations that drive those actions and the capacity of human beings 

to meet their basic needs. 

In order to better understand these conditions the metaphor of a tree is used. In this tree the 

trunk and branches represent the core principles (4 system conditions) and the leaves represent all 

of the details - specific problems and specific areas of expertise. Because the task of creating a 

sustainable society is so massive and complex and scientists from many different fields participate a 

common framework, based on this four building blocks is proposed.  With this framework “we can 

all get on the same page, understand the rules of the game, and proceed further out on the 

branches, into the details of the leaves with a shared mental model.[...] A common framework 

action can be cohesive, moving toward a common goal.”

The four systemic conditions for sustainability exist because the First and Second Laws of 

Thermodynamics set limiting conditions for life on earth: The First Law says that energy is 

conserved; nothing disappears, its form simply changes. Another way of stating this is: "Energy 

cannot be created, or destroyed, only modified in form." The implications of the Second Law are 

that matter and energy tend to disperse over time. This is referred to as "entropy." Putting the two 

laws together and applying them to our planetary system, the following facts become apparent:

1. All the matter that will ever exist on earth is here now (First Law). 



2. Disorder increases in all closed systems and the Earth is a closed system with respect to 

matter (Second Law). However, it is an open system with respect to energy since it receives 

energy from the sun. 

3. Sunlight is responsible for almost all increases in net material quality on the planet through 

photosynthesis and solar heating effects. Chloroplasts in plant cells take energy from 

sunlight for plant growth. Plants, in turn, provide energy for other forms of life, such as 

animals. Evaporation of water from the oceans by solar heating produces most of the Earth's 

fresh water. This flow of energy from the sun creates structure and order from the disorder.

(Robert 1997)[47]

These system conditions are:

1. Concentrations of materials from the Earth’s crust must not be systematically increasing. 

This principle means that fossil fuels, metals and other materials must not be extracted faster 

than their slow re-deposition into the Earth’s crust. 

2. Concentrations of substances produced by society must not be systematically increasing. 

This principle means that man made substances must not be produced at a faster rate than 

they can be broken down and reprocessed. 

3. Physical degradation of nature must not be systematically increasing. This principle means 

that society must not harvest more resources than are regenerated and must maintain a 

surface area of nature with sufficient capacity to reprocess waste products and convert them 

to essential ecological functions. 

4. People’s capacity to meet their needs must not be systematically  undermined by society. 

This principle means that resources and services obtained from nature must be used where 

they are needed most for global equity. 

While written to be clear scientifically, the specific wording of the four system conditions 

can be confusing to non-scientists. In order to work around this the  system conditions have been 

reworded as basic sustainability principles that provide explicit guidance in moving towards 

sustainability. 

1. Eliminate our contribution to systematic increases in concentrations of substances from the 

Earth’s crust. This means substituting certain minerals that are scarce in nature with others 

that are more abundant, using all mined materials efficiently and systematically reducing 

dependence on fossil fuels. 



2. Eliminate our contribution to systematic increases in concentrations of substances produced 

by society. This means systematically substituting certain persistent and toxic compounds 

with ones that are normally abundant or break down more easily in nature, and using all 

substances more efficiently. 

3. Eliminate our contribution to the systematic physical degradation of nature through over-

harvesting, pollution and other forms of ecological modification. This means drawing 

resources only from well-managed eco-systems, systematically pursuing the most 

productive and efficient use of land and resources and exercising caution in all kinds of 

interventions in natural cycles and processes. 

4. Contribute as much as we can to the meeting of human needs locally and worldwide, above 

all through substitution and dematerialization measures to meet the first three objectives. 

This means using all of our resources efficiently, fairly and responsibly so that the needs of 

all people on whom we have an impact, and the future needs of people who are not yet born, 

stand the best chance of being met. 

(Robert et al. 2002) [44]

2.5.4Backcasting from Principles

The natural step Framework bases its planning approach on a concept called backcasting 

from principles. The Natural Step’s understanding of what a sustainable society would look like is 

defined by the four aforementioned basic sustainability principles. They provide the description of 

success – the vision – of a sustainable future that we need to be able to backcast. With the 

sustainability principles to guide us, we can take stock of what we’re doing that is unsustainable 

today, and begin to identify actions that will move us towards becoming more sustainable 

tomorrow.

Backcasting is a methodology of planning. The term refers to the idea of planning from a 

future vision of a desirable outcome of the planning, followed by the question: what shall we do 

today to get there? It is a complement to forecasting, and is particularly relevant when the problems 

we are dealing with are complex, and when today’s trends are part of the problem. One reason for 

using backcasting is the potential self-benefit in it (if there would be no self-interest in it, 

backcasting would be useful only for policy making out of altruistic ambitions).(Holmberg & 

Robert, 2000)[48] 

Firstly, when problems are complex, backcasting provides the possibility of a more reliable 

and systematic approach of the planning procedure. Secondly, to systematically decrease ones own 



contribution to unsustainability, is a way to be prepared for future market changes and to avoid 

costly head over heal measures that may otherwise occur. Some costs will increase, either as a 

consequence of further ecological deprivation, or as a consequence of active political measures and 

proactive market demands to avoid such damage. Examples are escalating costs of scarce and non-

polluted resources, management of toxic waste, differentiated green taxes, insurance, loans, bad 

reputation on the market, and competition from those who plan their activities to avoid such 

problems.

In order to harvest the potential self-benefit from a backcasting planning procedure two qualities of 

all investments should be combined, particularly when large resources are bound:

1. Investments should be technically and ecologically as flexible as possible platforms for 

further investments in line with the vision of sustainability.

2. Amongst the various flexible alternatives, the low hanging fruits should be picked first, i.e. 

measures that give early return on investment. It relates to the need of aligning the long-term 

goal with the short-term economical reality.

The rationale lies in the combining of the two qualities, i.e. in the same time as each measure 

is designed to fit a path towards sustainability, the measures must also pay off soon enough. Finally, 

to harvest as much as possible of the potential economic and ecological benefit of backcasting, it 

should be performed from a frame set by principles for sustainability of the whole ecosphere. The 

future cannot be foreseen, but its principles can. The system conditions can be applied for this 

purpose. They are all principles of sustainability, not sustainable development. That is a prerequisite 

for backcasting, since this methodology keeps principles for a certain state (sustainability) apart 

from the methods of meeting them (sustainable development). Further, they don't overlap 

functionally, and they cover relevant aspects of sustainability.

Since the framework is constituted by principles, it is only useful for the overall structuring 

of relevant questions, thoughts and measures. There will always be a need for more knowledge to 

make the framework function efficiently during the transition towards sustainability, for instance in 

order to make appropriate priorities (Spiro 1997). Sometimes we don't know if the principles are 

met or not, and sometimes we have to violate the principles for a certain time period because other 

aspects of social life, such as economy, make anything else impossible. However, all the problems 

connected to violation of the system conditions exist whether we are aware of them or not, or want 

to handle them in a structured way or not. Our experience is that if the framework is applied in a 

non-prescriptive way to structure problems at hand, it is helpful in problem analyzing, to design 

investment strategies, to facilitate dialog and to recruit engagement, creativity and shared 

responsibility into the problem solving process. By using the system conditions as a guide to what 



must be fulfilled in a future sustainable society on a general level, different actors within business, 

organizations and municipalities (who are experts within there own fields) can draw conclusions 

about what these restrictions simply for their specific activities. A number of creative solutions have 

emerged from this process in which they have used backcasting from the system conditions in a 

non-prescriptive way. For instance, the first system condition rises the following question to an 

actor: will the activity or investment cause emission (directly or indirectly) of substances extracted 

from the lithosphere? And will they be a part of a flow that lead to systematically increased 

concentrations in the ecosphere of elements extracted from the lithosphere? (Maybe some of the 

actual elements are already known to cause harmful effects?) If this is the case, the next question is 

then to figure out how this can be avoided. For different activities and investments different actors 

find different solutions to e.g.: finding a substitute for the specific element or, avoiding dissipative 

use, increasing the recycling, reducing the downcycling or fulfilling the same service with less of 

the material. The other system conditions can be used in the same way

2.5.5Applying the natural step framework

The natural step framework involves a four-phase A-B-C-D Analytical Approach which is 

repeated as we progresses along various pathways towards sustainability. The process usually 

begins with a short, intensive session, and proceeds according to the capacity, priorities and 

resources available, covering all four steps. 

A = Awareness: This step involves creating a common understanding of sustainability and 

the 'whole-systems' context. A presentation or other ways are used to introduce the natural step 

framework's principles of sustainability, basic science and whole-systems approach – to build a 



shared understanding of the system in which we operate (nature’s laws, principles for success and 

Systems Conditions). This provides a platform from which strategies for living in balance with 

nature and the global community are developed amongst the shareholders. Participants review 

details of the state of the earth's systems, including the ecological, social and economic trends that 

are undermining our ability to create and manage healthy and prosperous businesses and 

communities. 

B = Baseline Mapping: The second step revolves around creating an analysis (through gap 

analysis, systems mapping, etc) of the major flows and impacts of the organization is conducted, 

using the System Conditions, to see how activities are running counter to sustainability principles. 

This allows the shareholders to identify critical sustainability issues, the implications and 

opportunities for moving forward. Bounded by natural systems and communities, this analysis can 

ultimately include the impacts of the entire supply chain and an evaluation of products, services, 

energy, capital and human resources in all the life cycle allowing us to access a 'rich picture' of the 

system. Another critical component of the assessment is the social context and organizational 

culture, which provide dimensions to the analysis essential for understanding how changes can be 

positively introduced into the system. 

C = Creating a Vision: In this third step the vision of the new situation is discussed. This is 

done by asking questions such as “What does the organization look like in a sustainable society?” 

“What operations will look like in a sustainable society based upon the four System Conditions?” 

Key decision-makers and stakeholders work together to create a compelling long-term vision, and 

brainstorm possible actions in creative and innovative ways. It is here that organizations often begin 

to identify the service they are providing the world independent of any one product. Incorporating 

this awareness into the visioning process unleashes innovation and releases the entity from certain 

existing limitations. In order for this process to be successful participants need to commit in taking 

nothing for granted and challenging every aspect of the way the organizations functions.  From this 

vision, a strategy and action plan for moving towards sustainability is developed. Individuals are 

encouraged to come up with ambitious goals which may require radical changes in how an 

institution operates. Some goals may take many years to achieve. Once these sustainability stretch 

goals are set, the natural step framework advocates a step-by step implementation strategy. 

The importance of a shared vision in the context of a learning organization has been 

underlined by Peter Senge (Senge, 2006)[49]. The development of a shared vision is important in 

motivating the staff, as it creates a common identity that provides focus and energy for learning. 

The most successful visions build on the individual visions of the employees at all levels of the 

organization,thus the creation of a shared vision can be hindered by traditional structures where the 



company vision is imposed from above. According to Senge in order to create this vision three 

critical questions have to be answered: “What”,”Why” and ”How”

Vision is the answer to “what?”, what does the organization want the future to look like. 

Purpose, or mission is the answer of the organization to “why do we exist?” Great organizations 

have a sense of purpose that transcends the needs of shareholders, they seek to contribute in 

changing the world in some unique way, sustainability can be such a change. The last step of the 

framework aims to provide answers on “How do we want to act in order to achieve our vision while 

being consistent with the values, norms and system conditions.” These strategies involve how day 

to day life in the organization should be whilst pursuing the vision. Possessing these three elements 

and communicating them to every part of the organization every day are the ways to infuse personal 

visions with the shared vision of the organization.

The Strategies developed are a important part of the framework since this vision coupled 

with the principles of sustainability will be used to back-cast which an important aspect of the 

framework. This prevents the group from setting a direction based on simply overcoming the 

problems of today. Instead, they begin moving towards a shared vision and goal of sustainability, 

with each action intended to provide a platform for further improvement. Finally opportunities and 

potential actions are identified and prioritized, with priority given to measures that move the entity 

toward sustainability fastest, while optimizing flexibility as well as maximizing social, ecological 

and economic returns. 

D = Down to Action: The last step of the natural step framework is implementing the 

strategies created. It supports effective, step-by-step implementation during which the organization 

sets its priorities for improvement, based on the vision that has been created, against three key 

issues: progress against System Conditions, flexible platform, and return on investment.

The implementation of the strategies designed to transform the organization is evaluated by 

measuring progress towards goals and suggesting modifications as needed. Back-casting is used on 

an ongoing basis to continually assess whether decisions and actions are moving the business 

towards the desired future outcome identified in the previous step creating in this way a loop 

between the two steps. 

Sustainability principles provide new design parameters that drive product and process 

innovation throughout the ‘business system’. This phase also incorporates organizational learning 

and change methods, which are both essential for effectively moving people into new ways of 

thinking and behaving together. Once a person masters the principles, they can get more and more 

skilled at handling the details, thus adding more “leaves” to the shared mental model of 

sustainability of the organization. In a sense, the principles help people to stay on course as they 



process the myriad bits of information and decisions involved in long-term planning. What is 

considered to be realistic today never determines the direction of change, only its pace. The 

approach is fundamentally based on systems thinking, setting ambitious goals, and developing 

realistic strategies for moving forward. 

Organizations are not expected to achieve long-term goals immediately. On the contrary, 

they are encouraged to move systematically by making step-by-step investments that will provide 

benefits in the short-term, while also retaining a long-term perspective Using the natural step 

framework, businesses, government agencies, policy-makers, individuals and communities are 

engaged in training and partnerships, research and development, and community involvement to 

lead the transition to an ecologically, socially and economically sustainable future. Many 

organizations use the Framework to integrate environmental considerations into strategic decisions 

and daily operations. It provides a way for decision makers to see "risks" as new opportunities for 

success and is used to:

• Reduce operating costs and environmental risk.

• Get ahead of regulatory frameworks.

• Enhance the organization's standing among stakeholders.

• Incorporate environmental concerns into the workplace.

• Differentiate products and services and build a positive brand image.

• Ensure definition of, and progress towards, a genuinely sustainable outcome – aiming to 

provide a ‘true north’ of sustainability and a compass for getting there. 



2.6Life Cycle Analysis

2.6.1Introduction

Life cycle assessment is a “cradle-to-grave” approach for assessing industrial systems. 

“Cradle-to-grave” begins with the gathering of raw materials from the earth to create the product 

and ends at the point when all materials are returned to the earth. LCA is an entirely quantitive 

framework that, although time consuming and difficult, but it delivers the most accurate and useful 

evaluation of materials and energy use. LCA evaluates all stages of a product’s life from the 

perspective that they are interdependent, meaning that one operation leads to the next. LCA enables 

the estimation of the cumulative environmental impacts resulting from all stages in the product life 

cycle, often including impacts not considered in more traditional analyses (e.g., raw material 

extraction, material transportation, ultimate product disposal, etc.). By including the impacts 

throughout the product life cycle, LCA provides a comprehensive view of the environmental aspects 

of the product or process and a more accurate picture of the true environmental trade-offs in product 

and process selection. 

LCA had its beginnings in the 1960’s. Concerns over the limitations of raw materials and 

energy resources sparked interest in finding ways to cumulatively account for energy use and to 

project future resource supplies and use. In one of the first publications of its kind, Harold Smith 

reported his calculation of cumulative energy requirements for the production of chemical 

intermediates and products at the World Energy Conference in 1963. 

Later in the 1960’s, global modeling studies published in The Limits to Growth (Meadows et 

al 1972) and A Blueprint for Survival (Goldsmith et al 1972)[50] resulted in predictions of the 

effects of the world’s changing populations on the demand for finite raw materials and energy 

resources. The predictions for rapid depletion of fossil fuels and climatological changes resulting 

from excess waste heat stimulated more detailed calculations of energy use and output in industrial 

processes. 

When solid waste became a worldwide issue in 1988, LCA again emerged as a tool for 

analyzing environmental problems. As interest in all areas affecting resources and the environment 

grows, the methodology for LCA is again being improved. A broad base of consultants and 

researchers across the globe has been further refining and expanding the methodology. The need to 

move beyond the inventory to impact assessment has brought LCA methodology to another point of 

evolution (SETAC, 1991 [51]; SETAC 1993 [52]; SETAC 1997[53]). 



In 1991, concerns over the inappropriate use of LCAs to make broad marketing claims made 

by product manufacturers resulted in a statement issued by eleven State Attorneys General in the 

USA denouncing the use of LCA results to promote products until uniform methods for conducting 

such assessments are developed and a consensus reached on how this type of environmental 

comparison can be advertised non-deceptively. This action, along with pressure from other 

environmental organizations to standardize LCA methodology, led to the development of the LCA 

standards in the International Standards Organization (ISO) 14000 series. 

The term “life cycle” refers to the major activities in the course of the product’s life-span 

from its manufacture, use, and maintenance, to its final disposal, including the raw material 

acquisition required to manufacture the product. The illustration bellow shows the possible life 

cycle stages that can be considered in an LCA and the typical inputs/outputs measured. 

Specifically, LCA is a technique to assess the environmental aspects and potential impacts 

associated with a product, process, or service, by: 

• Compiling an inventory of relevant energy and material inputs and environmental releases 

• Evaluating the potential environmental impacts associated with identified inputs and 

releases 

• Interpreting the results to help decision-makers make a more informed decision. 

The LCA process is a systematic, phased approach and consists of four components: goal definition 

and scoping, inventory analysis, impact assessment, and interpretation

1. Goal Definition and Scoping - Define and describe the product, process or activity. 

Establish the context in which the assessment is to be made and identify the boundaries and 

environmental effects to be reviewed for the assessment. 



2. Inventory Analysis - Identify and quantify energy, water and materials usage and 

environmental releases (e.g., air emissions, solid waste disposal, waste water discharges). 

3. Impact Assessment - Assess the potential human and ecological effects of energy, water, 

and material usage and the environmental releases identified in the inventory analysis. 

4. Interpretation - Evaluate the results of the inventory analysis and impact assessment to 

select the preferred product, process or service with a clear understanding of the uncertainty 

and the assumptions used to generate the results. 

2.6.2 Goal definition and scoping

Goal definition and scoping is the phase of the LCA process that defines the purpose and 

method of including life cycle environmental impacts into the decision-making process. In this 

phase, the following items must be determined: the type of information that is needed to add value 

to the decision-making process, how accurate the results must be to add value, and how the results 

should be interpreted and displayed in order to be meaningful and usable. 

The LCA process can be used to determine the potential environmental impacts from any 

product, process, or service. The goal definition and scoping of the LCA project will determine the 

time and resources needed. The defined goal and scope will guide the entire process to ensure that 

the most meaningful results are obtained. Every decision made throughout the goal definition and 

scoping phase impacts either how the study will be conducted, or the relevance of the final results. 

The following six basic decisions should be made at the beginning of the LCA process to make effective use 

of time and resources: 

1. Define the Goal(s) of the Project 

2. Determine What Type of Information Is Needed to Inform the Decision-Makers 

3. Determine the Required Specificity 

4. Determine How the Data Should Be Organized and the Results Displayed

5. Define the Scope of the Study 

6. Determine the Ground Rules for Performing the Work 

 

2.6.2.1Define the Goal(s) of the Project 

LCA is a versatile tool for quantifying the overall (cradle-to-grave) environmental impacts 

from a product, process, or service. The primary goal is to choose the best product, process, or 

service with the least effect on human health and the environment. Conducting an LCA also can 



help guide the development of new products toward a reduction of resource requirements and 

emissions. There may also be secondary goals for performing an LCA, which would vary 

depending on the type of project. The following are examples of possible applications for life-cycle 

inventories, most of which require some level of impact assessment in addition to the inventory: 

• Support broad environmental assessments : The results of an LCA are valuable in understanding 

the relative environmental burdens resulting from evolutionary changes in given processes, products, 

or packaging over time; in understanding the relative environmental burdens between alternative 

processes or materials used to make, distribute, or use the same product; and in comparing the 

environmental aspects of alternative products that serve the same use. 

• Establish baseline information for a process:A key application of an LCA is to establish a baseline 

of information on an entire system given current or predicted practices in the manufacture, use, and 

disposal of the product or category of products. In some cases, it may suffice to establish a baseline 

for certain processes associated with a product or package. This baseline would consist of the energy 

and resource requirements and the environmental impact from the product or process systems that 

are analyzed. The baseline information is valuable for initiating improvement analysis by applying 

specific changes to the baseline system. 

• Rank the relative contribution of individual steps or processes: The LCA results provide detailed 

data regarding the individual contributions of each step in the system studied to the total system. The 

data can provide direction to efforts for change by showing which steps require the most energy or 

other resources, or which steps contribute the most pollutants. This application is especially relevant 

for internal industry studies to support decisions on pollution prevention, resource conservation, and 

waste minimization opportunities. 

• Identify data gaps: The performance of an LCA for a particular system reveals areas in which data 

for particular processes are lacking or are of uncertain or questionable quality. Inventory followed by 

impact assessment aids in identifying areas where data augmentation is appropriate for both stages. 

• Support public policy:  For the public policymaker, LCA can help broaden the range of 

environmental issues considered in developing regulations or setting policies. 

• Support product certification: Product certifications have tended to focus on relatively few 

criteria. LCA, only when applied using appropriate impact assessment, can provide information on 

the individual, simultaneous effects of many product attributes. 

• Provide information and direction to decision-makers: LCA can be used to inform industry, 

government, and consumers on the tradeoffs of alternative processes, products, and materials. The 

data can give industry direction in decisions regarding production materials and processes and create 

a better informed public regarding environmental issues and consumer choices. 

• Guide product and process development: LCA can help guide manufacturers in the development 

of new products, processes, and activities toward a net reduction of resource requirements and 



emissions. 

2.6.2.2Determine What Type of Information Is Needed to Inform the Decision-Makers 

LCA can help answer a number of important questions. Identifying the questions that the 

decision-makers care about will help define the study parameters. Some examples include: 

• What is the impact to particular interested parties and stakeholders? 

• Which product or process causes the least or most environmental impact overall or in each stage of 

its life cycle? 

• How will changes to the current product or process affect the environmental impacts across all life 

cycle stages? 

• Which technology or process causes the least amount of acid rain, smog formation, or damage to 

local trees etc? 

• How can the process be changed to reduce a specific environmental impact of concern? 

Once the appropriate questions are identified, it is important to determine the types of information needed to 

answer the questions. 

2.6.2.3 Determine the Required Specificity 

At the outset of every study, the level of specificity must be decided. In some cases, this 

level will be obvious from the application or intended use of the information. In other instances, 

there may be several options to choose from, ranging from a completely generic study to one that is 

product-specific in every detail. Most studies fall somewhere in between. 

An LCA can be envisioned as a set of linked activities that describe the creation, use, and ultimate 

disposal of the product or material of interest. At each life cycle stage, the analyst should begin by answering 

a series of questions such as  "Is the product or system in the life cycle stage specific to one company or 

manufacturing operation?"and "does the product or system represent common products or systems generally 

found in the marketplace and produced or used by a number of companies?" Such questions help determine 

whether data collected for the inventory should be specific to one company or manufacturing facility, or 

whether the data should be more general to represent common industrial practices.  

2.6.2.4 Determine the Data Requirements 

The required level of data accuracy for the project depends on the use of the final results and 

the intended audience. For example, if the intent is to use the results in a public forum to support 

product/process selection to a local community or regulator, the type of data need to be different 



than if they are to be used for internal use of the organization. 

In addition to the intended audience, the required level of data accuracy could be based on 

the criticality of the decision to be made and the amount of resources involved in the decision. The 

alternative decision path, using industrial average data for making recycled paperboard, has a 

parallel mix of advantages and limitations. Use of average, or generic, data may be advantageous 

for a manufacturer considering use of recycled board for which no current vendors have been 

identified. If the quality of these average data can be determined and is acceptable, their use may be 

preferable. The limitation is that data from this stage may be less comparable to that of more 

product-specific stages. This limitation is especially important in studies that mix product-specific 

and more general analyses in the same life-cycle stage. For example, comparing virgin and recycled 

paperboard using product-specific data for one material and generic data for the other could weild 

missleading results. Another limitation is that the generic data may mask technologies that are more 

environmentally burdensome. 

It is recommended that the level of specificity be very clearly defined and communicated so 

that readers of the life cycle Analysis are able to understand the differences in the final results. 

Before initiating data collection and periodically throughout the study, the analyst should revisit the 

specificity decision to determine if the approach selected for each stage remains valid in view of the 

intended use. 

2.6.2.5 Determine How the Data Should Be Organized and the Results Displayed 

LCA practitioners define how data should be organized in terms of a functional unit that 

appropriately describes the function of the product or process being studied. Careful selection of the 

functional unit to measure and display the LCA results will improve the accuracy of the study and 

the usefulness of the results. 

When an LCA is used to compare two or more products, the basis of comparison should be 

equivalent use, meaning that, each system should be defined so that an equal amount of product or 

equivalent service is delivered to the consumer. For example if the comparisonwas between liquid 

and solid soap, the logical basis for comparison would be an equal number of handwashings.

2.6.2.6Define the Scope of the Study 

Because LCA includes all four stages of a cycle: raw material acquisition, 

manufacturing, use/reuse/maintenance, and recycle/waste management. These product stages 

are explained in more detail below. To determine whether one or all of the stages should be included 



in the scope of the LCA, the following must be assessed: the goal of the study, the required 

accuracy of the results, and the available time and resources. 

• Raw Materials Acquisition: The life cycle of a product begins with the removal of raw 

materials and energy sources from the earth. For instance, the harvesting of trees or the 

mining of nonrenewable materials would be considered raw materials acquisition. 

Transportation of these materials from the point of acquisition to the point of processing is 

also included in this stage. 

• Manufacturing:During the manufacturing stage, raw materials are transformed into a 

product or package. The product or package is then delivered to the consumer. The 

manufacturing stage consists of three steps: materials manufacture, product fabrication, and 

filling/packaging/distribution. 

• Materials Manufacture: The materials manufacture step involves the activities that convert 

raw materials into a form that can be used to fabricate a finished product. 

• Product Fabrication: The product fabrication step takes the manufactured material and 

processes it into a product that is ready to be filled or packaged. 

• Filling/Packaging/Distribution: This step finalizes the products and prepares them for 

shipment. It includes all of the manufacturing and transportation activities that are necessary 

to fill, package, and distribute a finished product. Products are transported either to retail 

outlets or directly to the consumer. This stage accounts for the environmental effects caused 

by the mode of transportation, such as trucking and shipping. 

• Use/Reuse/Maintenance: This stage involves the consumer’s actual use, reuse, and 

maintenance of the product. Once the product is distributed to the consumer, all activities 

associated with the useful life of the product are included in this stage. This includes energy 

demands and environmental wastes from both product storage and consumption. The 

product or material may need to be reconditioned, repaired or serviced so that it will 

maintain its performance. When the consumer no longer needs the product, the product will 

be recycled or disposed. 

• Recycle/Waste Management:The recycle/waste management stage includes the energy 

requirements and environmental wastes associated with disposition of the product or 

material. 

Each step in the life cycle of a product, package, or material can be categorized within one 

and only one of these life-cycle stages. Each step or process can be viewed as a subsystem of the 

total product system. Viewing the steps as subsystems facilitates data gathering for the inventory of 



the system as a whole. 

2.6.2.6 Determine the Ground Rules for Performing the Work 

Prior to moving on to the inventory analysis phase it is important to define some of the 

logistical procedures for the project. 

1. Documenting Assumptions: All assumptions or decisions made throughout the entire 

project must be reported along side the final results of the LCA project. If assumptions are 

omitted, the final results may be taken out of context or easily misinterpreted. As the LCA 

process advances from phase to phase, additional assumptions and limitations to the scope 

may be necessary to accomplish the project with the available resources. 

2. Quality Assurance Procedures: Quality assurance procedures are important to ensure that 

the goal and purpose for performing the LCA will be met at the conclusion of the project. 

The level of quality assurance procedures employed for the project depends on the available 

time and resources and how the results will be used. It is recommended that a formal 

statement from the reviewers documenting their assessment of each phase of the LCA 

process be included with the final report for the project. 

3. Reporting Requirements: Defining “up front” how the final results should be documented 

and exactly what should be included in the final report makes sure that the final product 

meets the appropriate expectations. When reporting the final results, or results of a particular 

LCA phase, it is important to thoroughly describe:

• The methodology used in the analysis. 

• The systems analyzed and the boundaries that were set. 

• The basis for comparison among systems 

• All assumptions made by the analysts

The presentation of results should be consistent with the purpose of the study. The results 

should not be oversimplified solely for the purposes of presentation. 

2.6.3 Inventory analysis

A life cycle inventory (LCI) is a process of quantifying energy and raw material requirements, 

atmospheric emissions, waterborne emissions, solid wastes, and other releases for the entire life cycle of a 

product, process, or activity. In the life cycle inventory phase of an LCA, all relevant data is collected and 

organized. Without an LCI, no basis exists to evaluate comparative environmental impacts or potential 



improvements. The level of accuracy and detail of the data collected is reflected throughout the remainder of 

the LCA process. 

LCI analyses can be used in various ways. They can assist an organization in comparing products or 

processes and considering environmental factors in material selection. In addition, inventory analyses can be 

used in policy-making, by helping the government develop regulations regarding resource use and 

environmental emissions. The LCI analysis essencially produces a list containing the quantities of pollutants 

released to the environment and the amount of energy and material consumed. The results can be segregated 

by life cycle stage, media (air, water, and land), specific processes, or any combination thereof. 

According EPA’s 1993 document, “Life-Cycle Assessment: Inventory Guidelines and Principles,” 

and 1995 document, “Guidelines for Assessing the Quality of Life Cycle Inventory Analysis,” provide the 

framework for performing an inventory analysis and assessing the quality of the data used and the results. 

The two documents define the following four steps of a life cycle inventory: 

1. Develop a flow diagram of the processes being evaluated. 

2. Develop a data collection plan. 

3. Collect data. 

4. Evaluate and report results. 

Each step is summarized below. 

2.6.3.1Develop a Flow Diagram 

A flow diagram is a tool to map the inputs and outputs to a process or system. The “system” or “system 

boundary” varies for every LCA project. The goal definition and scoping phase establishes initial boundaries 

that define what is to be included in a particular LCA; these are used as the system boundary for the flow 

diagram. Unit processes inside of the system boundary link together to form a complete life cycle picture of 

the required inputs and outputs (material and energy) to the system. The illustration bellow shows the 

components of a generic unit process within a flow diagram for a given system boundary. 

The more complex the flow diagram, the greater the accuracy and utility of the results. 



Unfortunately, increased complexity also means more time and resources must be devoted to this step, as 

well as the data collecting and analyzing steps. Flow diagrams are used to model all alternatives under 

consideration. For a comparative study, it is important that both the baseline and alternatives use the same 

system boundary and are modeled to the same level of detail. If not, the accuracy of the results may be 

skewed. 

For data-gathering purposes it is appropriate to view the system as a series of subsystems. A 

“subsystem” is defined as an individual step or process that is part of the defined production system. These 

subsystems have the same components discribed above. Some steps in the system may need to be grouped 

into a subsystem due to lack of specific data for the individual steps. However, these steps may all occur 

within the same facility, which may not be able to or need to break data down for each individual step. The 

facility could however, provide data for all the steps together, so the subsystem boundary would be drawn 

around the group of steps and not around each individual one. 

Co-products from the process should be identified and quantified. Co-products are process outputs 

that have value, i.e., those not treated as wastes. The value assigned to a co-product may be a market value 

(price) or may be imputed. In performing co-product allocation, some means must be found to objectively 

assign the resource use, energy consumption, and emissions among the co-products, because there is not a 

physical or chemical way to separate the activities that produce them. Generally, allocation should allow 

technically sound inventories to be prepared for products or materials using any particular output of a 

process independently and without overlap of the other outputs. Also all transportation from one process 

location to another is included in the subsystem. Transportation is quantified in terms of distance and weight 

shipped, and identified by the mode of transport used. 

2.6.3.2 Develop an LCI Data Collection Plan 

As part of the goal definition and scoping phase, the required accuracy of data was 

determined. When selecting sources for data to complete the life cycle inventory, an LCI data 

collection plan ensures that the quality and accuracy of data meet the expectations of the decision-

makers. 

Key elements of a data collection plan include the following: 

• Defining data quality goals:  Data quality goals provide a framework for balancing available time 

and resources against the quality of the data required to make a decision regarding overall 

environmental or human health impact. Data quality goals are closely linked to overall study goals 

and serve two primary purposes: 

• Aid LCA analysts in structuring an approach to data collection based on the data quality 

needed for the analysis. 

• Serve as data quality performance criteria. 



No pre-defined list of data quality goals exists for all LCA projects. The number and nature of data 

quality goals necessary depends on the level of accuracy required to inform the decision-makers 

involved in the process. 

• Identifying data sources and types: Data quality indicators are benchmarks to which the 

collected data can be measured to determine if data quality requirements have been met. 

Similar to data quality goals, there is no pre-defined list of data quality indicators for all 

LCIs. The selection of data quality indicators depends upon which ones are most appropriate 

and applicable to the specific data sources being evaluated. 

• Identifying data quality indicators: For each life cycle stage, unit process, or type of 

environmental release, the analyst must specify the necessary data source and type required 

to provide sufficient accuracy and quality to meet the study’s goals. Defining the required 

data sources and types prior to data collection helps to reduce costs and the time required to 

collect the data. The required level of aggregated data should also be specified, for example, 

whether data are representative of one process or several processes. 

• Developing  a  data  collection  worksheet  and  checklist:  The  next  step  is  to  develop  an  LCI 

spreadsheet that covers most of the decision areas in the performance of an inventory. A spreadsheet 

can be prepared to guide data collection and validation and to enable construction of a database to 

store collected data electronically.  The spreadsheet  is  a  valuable tool  for  ensuring completeness, 

accuracy, and consistency. It is especially important for large projects when several people collect 

data from multiple sources. The spreadsheet should be tailored to meet the needs of a specific LCI. 

2.6.3.3 Collect Data 

Data collection efforts involve a combination of research, site-visits and direct contact with experts, 

which generates large quantities of data. As an alternative, it may be more cost effective to buy a 

commercially available LCA software package. Prior to purchasing an LCA software package the decision-

makers or LCA practitioner should insure that it will provide the level of data analysis required. 

A second method to reduce data collection time and resources is to obtain non-site specific inventory 

data. Several organizations have developed databases specifically for LCA that contain some of the basic 

data commonly needed in constructing a life cycle inventory. Some of the databases are sold in conjunction 

with LCI data collection software; others are stand-alone resources. Many companies with proprietary 

software also offer consulting services for LCA design. 

All industrial processes have multiple input streams and many generate multiple output streams. 

Usually only one of the outputs is of interest for the life cycle assessment study being conducted, so the 

analyst needs to determine how much of the energy and material requirements and the environmental 

releases associated with the process should be attributed, or allocated, to the production of each co-product. 



For example, steam turbine systems may sell both electricity and low-pressure steam as useful products. 

When co-products are present, the practitioner must determine how much of the burdens associated with 

operating and supplying the multi-output process should be allocated to each co-product. The practitioner 

must also decide how to allocate environmental burdens across co-products when one is a waste stream that 

can be sold for other uses. 

2.6.3.4 Evaluate and Document the LCI Results 

When writing a report to present the final results of the life-cycle inventory, it is important to 

thoroughly describe the methodology used in the analysis. The report should accomplish all of reporting 

requirements set earlier in the analysis.

Due to the fact that LCI studies generate a great deal of information, often of a disparate nature the 

analyst needs to select a presentation format and content that are consistent with the purpose of the study and 

that do not arbitrarily simplify the information solely for the sake of presenting it. In thinking about 

presentation of the results, it is useful to identify the various perspectives embodied in life-cycle inventory 

information. These dimensions include, but may not be limited to, the following: 

• Overall product system 

• Relative contribution of stages to the overall system 

• Relative contribution of product components to the overall system 

• Data categories within and across stages, e.g., resource use, energy consumption, and environmental 

releases 

• Data parameter groups within a category, e.g., air emissions, waterborne wastes, and solid waste 

types 

• Data parameters within a group, e.g., sulfur oxides, carbon dioxide, chlorine, etc. 

• Geographic regionalization if relevant to the study, e.g., national versus global 

• Temporal changes. 

The analyst must select among these dimensions and develop a presentation format that increases 

comprehension of the findings without oversimplifying them. Two main types of format for presenting 

results are tabular and graphical. 

The results from the inventory can be presented most comprehensibly in tabular form. The choice of 

how the tables should be created varies, based on the purpose and scope of the study. If the inventory has 

been performed to help decide which type of package to use for a particular product, showing the overall 

system results will be the most useful way to present the data. On the other hand, when an analysis is 

performed to determine how a package can be changed to reduce its releases to the environment, it is 

important to present not only the overall results, but also the contributions made by each component of the 

packaging system. 



Graphical presentation of information helps to augment tabular data and can aid in interpretation. 

Both bar charts (either individual bars or stacked bars) and pie charts are valuable in helping the reader 

visualize and assimilate the information from the perspective of “gaining ownership or participation in life-

cycle assessment”. However, the analyst should not aggregate or sum different types of data when creating or 

simplifying a graph. 

2.6.4 Impact assessment

The Life Cycle Impact Assessment (LCIA) phase of an LCA is the evaluation of potential human 

health and environmental impacts of the environmental resources and releases identified during the LCI. 

Impact assessment should address ecological and human health effects; it should also address resource 

depletion. A life cycle impact assessment attempts to establish a linkage between the product or process and 

its potential environmental impacts. Although much can be learned about a process by considering the life 

cycle inventory data, an LCIA provides a more meaningful basis to make comparisons. For example, 

although we know that 9,000 tons of carbon dioxide and 5,000 tons of methane released into the atmosphere 

are both harmful, an LCIA can determine which could have a greater potential impact. 

The following steps comprise a life cycle impact assessment. 

1. Selection  and  Definition  of  Impact  Categories: identifying  relevant  environmental  impact 

categories. 

2. Classification: assigning LCI results to the impact categories. 

3. Characterization: modeling LCI impacts within impact categories using science-based conversion 

factors.

4. Normalization: expressing potential impacts in ways that can be compared.

5. Grouping: sorting or ranking the indicators 

6. Weighting: emphasizing the most important potential impacts. 

7. Evaluating and Reporting LCIA Results: gaining a better understanding of the reliability of the 

LCIA results.

ISO developed a  standard  for  conducting  an  impact  assessment  entitled ISO 14042,  Life  Cycle  

Impact Assessment (ISO 1998)[54], which states that the first three and the last steps are mandatory steps for 

an LCIA while the other steps are optional depending on the goal and scope of the study. 

2.6.4.1 Select and Define Impact Categories 

The first step in an LCIA is to select the impact categories that will be considered as part of the 

overall LCA. This step should be completed as part of the initial goal and scope definition phase to guide the 

LCI data collection process and requires reconsideration following the data collection phase. The items 



identified in the LCI have potential human health and environmental impacts. For example, an 

environmental release identified in the LCI may harm human health by causing cancer or sterility, or affect 

workplace safety. Likewise, a release identified in the LCI could also affect the environment by causing acid 

rain, global warming, or endangering species of animals. 

For an LCIA, impacts are defined as the consequences that could be caused by the input and output 

streams of a system on human health, plants, and animals, or the future availability of natural resources. 

Typically, LCIAs focus on the potential impacts to three main categories: human health, ecological health, 

and resource depletion. 

2.6.4.2 Classification 

The purpose of classification is to organize and possibly combine the LCI results into impact 

categories. For LCI items that contribute to only one impact category, the procedure is a straightforward 

assignment. For example, carbon dioxide emissions can be classified into the global warming category. 

For LCI items that contribute to two or more different impact categories, a rule must be established for 

classification. There are two ways of assigning LCI results to multiple impact categories (ISO 1998): 

• Partition a representative portion of the LCI results to the impact categories to which they contribute. 

This is typically allowed in cases when the effects are dependent on each other. 

• Assign all LCI results to all impact categories to which they contribute. This is typically allowed 

when the effects are independent of each other. 

2.6.4.3 Characterization 

Impact characterization uses science-based conversion factors, called characterization factors, to 

convert and combine the LCI results into representative indicators of impacts to human and ecological 

health. Characterization provides a way to directly compare the LCI results within each impact category. In 

other words, characterization factors translate different inventory inputs into directly comparable impact 

indicators. For example, characterization would provide an estimate of the relative terrestrial toxicity 

between lead, chromium, and zinc. 

2.6.4.4 Normalization 

Normalization is an LCIA tool used to express impact indicator data in a way that can be compared 

among impact categories. This procedure normalizes the indicator results by dividing by a selected reference 

value. There are numerous methods of selecting a reference value, including: 

• The total emissions or resource use for a given area that may be global, regional or local 



• The total emissions or resource use for a given area on a per capita basis 

• The ratio of one alternative to another

• The highest value among all options. 

The goal and scope of the LCA may influence the choice of an appropriate reference value. Note that 

normalized data can only be compared within an impact category.

2.6.4.5 Grouping 

Grouping assigns impact categories into one or more sets to better facilitate the interpretation of the 

results into specific areas of concern. Typically, grouping involves sorting or ranking indicators. The 

following are two possible ways to group LCIA data (ISO 1998)[55]: 

• Sort indicators by characteristics such as emissions (e.g., air and water emissions) or location (e.g., 

local, regional, or global). 

• Sort indicators by a ranking system, such as high, low, or medium priority. Ranking is based on 

value choices. 

2.6.4.6 Weighting 

The weighting step of an LCIA assigns weights or relative values to the different impact categories 

based on their  perceived importance or relevance. Weighting is important  because the impact  categories 

should also reflect study goals and stakeholder values. As stated earlier, harmful air emissions could be of 

relatively higher concern in an air non-attainment zone than the same emission level in an area with better air 

quality. Because weighting is not a scientific process, it is vital that the weighting methodology is clearly 

explained and documented. 

Although weighting is widely used in LCAs, the weighting stage is the least developed of the impact 

assessment steps and also is the one most likely to be challenged for integrity. In general, weighting includes 

the following activities: 

• Identifying the underlying values of stakeholders 

• Determining weights to place on impacts 

• Applying weights to impact indicators. 

Weighted data could possibly be combined across impact categories, but the weighting procedure 

must be explicitly documented. The un-weighted data should be shown together with the weighted results to 

ensure a clear understanding of the assigned weights. 



2.6.4.7 Evaluate and Document the LCIA Results 

Now that the impact potential for each selected category has been calculated, the accuracy of the 

results must be verified. The accuracy must be sufficient to support the purposes for performing the LCA as 

defined in the goal and scope. When documenting the results of the life cycle impact assessment, thoroughly 

describe the methodology used in the analysis, define the systems analyzed and the boundaries that were set, 

and all assumptions made in performing the inventory analysis. 

The LCIA, like all other assessment tools, has inherent limitations. Although the LCIA process 

follows a systematic procedure, there are many underlying assumptions and simplifications, as well 

subjective value choices. Depending on the LCIA methodology selected, and/or the inventory data on which 

it is based, some of the key limitations may include: 

• Lack of spatial resolution 

• Lack of temporal resolution

• Inventory speciation

• Threshold and non-threshold impact

2.6.5 Interpretation

Life cycle interpretation is a systematic technique to identify, quantify, check, and evaluate 

information from the results of the LCI and the LCIA, and communicate them effectively. Life cycle 

interpretation is the last phase of the LCA process. This last step has two objectives: 

1. Analyze results, reach conclusions, explain limitations, and provide recommendations based 

on the findings of the preceding phases of the LCA, and to report the results of the life cycle 

interpretation in a transparent manner. 

2. Provide a readily understandable, complete, and consistent presentation of the results of an 

LCA study, in accordance with the goal and scope of the study. (ISO 1998)[56] 

Interpreting the results of an LCA is not a simple taska, therefore while conducting the LCI and 

LCIA it is necessary to make assumptions, engineering estimates, and decisions based on the values of the 

analyst values and the values of the stakeholders. Each of these decisions must be included and 

communicated within the final results to clearly and comprehensively explain conclusions drawn from the 

data. In some cases, it may not be possible to state that one alternative is better than the others because of the 

uncertainty in the final results. This does not mean that efforts have been wasted. The LCA process will still 

have provided a better understanding of the environmental and health impacts associated with each 

alternative, where they occur (locally, regionally, or globally), and the relative magnitude of each type of 

impact in comparison to each of the proposed alternatives included in the study, and we if consider Accof's 

point that "to frame the problem is a process though which the solution will emerge" we understand the 

importance of LCA. Life cycle interpretation derives from the ISO standard entitled “Environmental  



Management - Life Cycle Assessment - Life Cycle Interpretation,” ISO 14043 (ISO 1998). According to this 

the steps in Life cycle interpretation are:

1. Identification of the Significant Issues Based on the LCI and LCIA. 

2. Evaluation which Considers Completeness, Sensitivity, and Consistency Checks. 

3. Conclusions, Recommendations, and reporting. 

2.6.5.1 Identify Significant Issues 

The first step of the life cycle interpretation phase involves reviewing information from the first three 

phases of the LCA process in order to identify the data elements that contribute most to the results of both 

the LCI and LCIA for each product, process, or service, otherwise known as “significant issues.” 

The results of this effort are used to evaluate the completeness, sensitivity, and consistency of the 

LCA study. The identification of significant issues guides the evaluation step. Because of the extensive 

amount of data collected, it is only feasible within reasonable time and resources to assess the data elements 

that contribute significantly to the outcome of the results. 

Before determining which parts of the LCI and LCIA have the greatest influence on the results for 

each alternative, the previous phases of the LCA should be reviewed in a comprehensive manner.

Review the information collected and the presentations of results developed to determine if the goal 

and scope of the LCA study have been met. If they have, the significance of the results can then be 

determined. Determining significant issues of a product system may be simple or complex. For assistance in 

identifying environmental issues and determining their significance, the following approaches are 

recommended: 

• Contribution Analysis: the contribution of the life cycle stages or groups of processes are compared 

to the total result and examined for relevance. 

• Dominance Analysis: statistical tools or other techniques, such as quantitative or qualitative ranking 

(e.g., ABC Analysis), are used to identify significant contributions to be examined for relevance. 

• Anomaly Assessment: based on previous experience, unusual or surprising deviations from 

expected or normal results are observed and examined for relevance. 

Significant issues can include: 

• Inventory parameters like energy use, emissions, waste, etc. 

• Impact category indicators like resource use, emissions, waste, etc. 

• Essential contributions for life cycle stages to LCI or LCIA results such as individual unit processes 

or groups of processes (e.g., transportation, energy production). 



2.6.5.2 Evaluate the Completeness, Sensitivity, and Consistency of the Data 

The evaluation step of the interpretation phase establishes the confidence in and reliability of the 

results of the LCA. This is accomplished by completing the following tasks to ensure that products/processes 

are fairly compared:

Completeness Check 

The completeness check ensures that all relevant information and data needed for the interpretation 

are available and complete. A checklist should be developed to indicate each significant area represented in 

the results. Data can be organized by life cycle stage, different processes or unit operations, or type of data 

represented. Using the established checklist, it is possible to verify that the data comprising each area of the 

results are consistent with the system boundaries ( and that the data is representative of the specified area. 

The result of this effort will be a checklist indicating that the results for each product/process are complete 

and reflective of the stated goals and scope of the LCA study. 

Sensitivity Check 

The objective of the sensitivity check is to evaluate the reliability of the results by determining 

whether the uncertainty in the significant issues identified in the first step affect the decision-maker’s ability 

to confidently draw comparative conclusions. A sensitivity check can be performed on the significant issues 

using the following three common techniques for data quality analysis: 

1. Contribution Analysis: Identifies the data that has the greatest contribution on the impact indicator 

results. 

2. Uncertainty Analysis: Describes the variability of the LCIA data to determine the significance of 

the impact indicator results. 

3. Sensitivity Analysis: Measures the extent that changes in the LCI results and characterization 

models affect the impact indicator results. 

Consistency Check

The consistency check determines whether the assumptions, methods, and data used throughout the 

LCA process are consistent with the goal and scope of the study, and for each product/process evaluated. 

Verifying and documenting that the study was completed as intended at the conclusion increases confidence 

in the final results. A formal checklist should be developed to communicate the results of the consistency 

check. Depending upon the goal and scope of the LCA, some inconsistencies may be acceptable. If any 

inconsistency is detected, document the role it played in the overall consistency evaluation. 

After completing steps 1 and 2, it has been determined that the results of the impact assessment and 

the underlying inventory data are complete, comparable, and acceptable to draw conclusions and make 

recommendations. If this is not true, stop! Repeat steps 1 and 2 until the results will be able to support the 

original goals for performing the LCA. 



2.6.5.3 Draw Conclusions and Recommendations 

The objective of this step is to interpret the results of the life cycle impact assessment to determine 

which product/process has the overall least impact to human health and the environment, or to one or more 

specific areas of concern as defined by the goal and scope of the study. 

Depending upon the scope of the LCA, the results of the impact assessment will return either a list of 

unnormalized and unweighted impact indicators for each impact category for the alternatives, or it will return 

a single grouped, normalized, and weighted score for each alternative, or something in between. 

In the case where a score is calculated, the recommendation may be to accept the product/process 

with the lowest score. Or, it could be to investigate the reasons how the process could be modified to lower 

the score. However, do not forget the underlying assumptions that went into the analysis.

2.6.6 Software tools 

LCA is a tool that requires a high volumes of  information and can be very costly in time and 

resources. This makes it prohibitive for small scale organizatios or individuals to use. Thankfully 

many software tools have been developed in order to assist in using LCA. A list of this tools 

follows. Even by using these tools the volume of information that has to be used is too much for 

small scale manufacturing. In order to make LCA more accesible a "matrix LCA" has been 

developed. This short version of LCA focuses on the biggest impacts of the system being analyzed.

Tool Vendor Web Site

BEES 3.0 NIST Building and Fire http://www.bfrl.nist.gov/oae/software/bees.

html 

Boustead Model 5.0 Boustead Consulting http://www.boustead-

consulting.co.uk/products.htm 

CMLCA 4.2 Centre of Environmental Science http://www.leidenuniv.nl/cml/ssp/software/c

mlca/index.html 

Dubo-Calc 

 

Netherlands Ministry of Transport, 

Public Works and Water Management 

http://www.rws.nl/rws/bwd/home/www/cgi-

bin/index.cgi?site=1&doc=1785 

Ecoinvent 1.2 Swiss Centre for Life Cycle 

Inventories 

http://www.ecoinvent.ch 

Eco-Quantum IVAM http://www.ivam.uva.nl/uk/producten/produ

ct7.htm 



EDIP PC-Tool Danish LCA Center http://www.lca-center.dk 

eiolca.net Carnegie Mellon University http://www.eiolca.net 

Environmental 

Impact Indicator 

ATHENA™ Sustainable 

Materials Institute 

http://www.athenaSMI.ca 

EPS 2000 Design 

System 

Assess Ecostrategy Scandinavia AB http://www.assess.se/ 

GaBi 4 PE Europe GmbH and IKP University 

of Stuttgart 

http://www.gabi-

software.com/software.html 

GEMIS Öko-Institut http://www.oeko.de/service/gemis/en/index.

htm 

GREET 1.7 DOE’s Office of Transportation http://www.transportation.anl.gov/software/

GREET/index.html 

IDEMAT 2005 Delft University of Technology http://www.io.tudelft.nl/research/dfs/idemat/

index.htm 

KCL-ECO 4.0 KCL http://www1.kcl.fi/eco/softw.html 

LCAIT 4.1 CIT Ekologik http://www.lcait.com/01_1.html 

LCAPIX v1.1 KM Limited http://www.kmlmtd.com/pas/index.html 

MIET 3.0 Centre of Environmental 

Environmental Science 

http://www.leidenuniv.nl/cml/ssp/software/

miet/index.html 

REGIS Sinum AG http://www.sinum.com/htdocs/e_software_r

egis.shtml 

SimaPro 6.0 PRé Consultants http://www.pre.nl/simapro.html

SPINE@CPM Chalmers http://www.globalspine.com 

SPOLD The Society for Promotion of 

Life-Cycle Assessment 

http://lca-net.com/spold/ 

TEAM™ 4.0 Ecobalance http://www.ecobalance.com/uk_lcatool.php 

Umberto ifu Hamburg GmbH http://www.ifu.com/en/products/umberto 

US LCI Data National Renewable Energy Lab http://www.nrel.gov/lci 



2.6Design Activism

2.6.1Introduction

Design activism is not a new idea. Design has been identified as political process and in this 

spirit designers aligning themselves with a cause use design to enhance their position for the 

necessity of this goal. Consequently design for sustainability, and sustainability as a goal, have been 

the newest branch of design activism to have emerged. The three pillars that support this are: 

Making design more democratic though wider participation of the staceholders in the design 

process. Bringing the consumers of the earth to an equilibrium (in short helping the under-

consumers consume less and over-consumers reduce their impact).  Design activism under the 

scope of sustainability believes that the root of the problem is social and, in this fashion by 

triggering social change through design, changes in other sectors will follow, the role of the design 

activist is that of a "non-aligned social broker and catalyst; a facilitator; an author; a creator; a 

co-author; a co-creator; and a happener (someone who is making things happen).(Fuad-Luke, 

2009)[57]

2.6.2Defining Design Activism 

Activists, that is those carrying out the activism, can belong to social, environmental or 

political movements that are localized or distributed, and that are based upon collective and/or 

individual actions. They are often allied to, or are, the founders of social movements, defined by 

Tarrow "Collective challenges [to elites, authorities, other groups or cultural codes] by people with 

common purposes and solidarity in sustained interactions with elites, opponents and 

authorities."(Tarrow, 1995)[58]  All activists are involved in inculcating change that favours their 

‘world-view’, i.e. how they see the current paradigms and the associated issues. Change implies 

moving from ‘state A’ of a system to ‘state B’. This may involve a transformation of the system and 

its target audiences or social groups, but often also involves the transformation of the individual 

activists too. Essensially activists are agents of change. Both these notions of transformation can be 

embedded in a working definition of activism:

Activism is about … taking actions to catalyse, encourage or bring about 

change, in order to elicit social, cultural and/or political transformations. It  



can also involve transformation of the individual activists

. 

Design activism has become a topic of growing interest and research through out the past 

decade or so (see e.g.Borasi & Zardini, 2008 [59]; DiSalvo, 2010 [60]; Fuad-Luke,2009[61]; 

Mogel & Bhagat, 2008[62]; Thorpe, 2008[63]). Generally, design activism is defined as 

representing the idea of design playing a central role in 

1. Promoting social change.

2. Raising awareness about values and beliefs.

3. Questioning the constraints of mass production and consumerism on people’s everyday life.

Design activism, in this context, is not restricted to a single discipline, but range from 

product design, interaction design, new media, urban design, architecture, fashion and textiles, and 

so on. Obviously, the term ‘activism’ is meant to emphasize design activism’s kinship with political 

activism and anti-movements of various sorts: anti-capitalist, antiglobal, and so forth. This has led 

some authors to assume that the activist nature of design activism can be properly understood in 

terms of concepts and ideas borrowed from either sociology (Thorpe, 2008)[64] or political theory 

(DiSalvo, 2010)[65]. But even though design activism may share many characteristics with political

activism, it should not be modelled one-sidedly on the basis of these external theories. Sociology 

and political theory has no doubt a fine-grained vocabulary enabling us to shed light on "public 

space", "participation" and other themes explored by design activists, but it has no language for 

expressing what is truly unique and singular to the design act. The design act is not a boycott, strike, 

protest, demonstration, or some other political act, but lends its power of resistance from being 

precisely a designerly way of intervening into people’s lives.

By the same token, design activism has been interpreted in light of practices invented by 

certain art movements such as the avant-garde, ‘social interventionism’ and ‘community art’. For 

instance, it has been pointed out that the subversive techniques used in contemporary

urban design activism draw more or less deliberately upon practices of art production that were 

introduced by the Situationists in the 1960s (Holmes, 2007)[66] However the techniques used by 

urban design activists may be similar to those of the avant-garde, but the effects achieved by 

exploiting them in a designerly way are different. These effects cannot be properly understood, for 

instance, according to the original avant-garde project of re-defining or broadening the boundaries 

of art. Nor should they be interpreted according to the grandiose social utopias or revolutionary 

hopes so dear to the avant-garde. Nonetheless, it is precisely in the intimate interweaving between 

aesthetics and the political that an interesting answer to the activist nature of design activism is to 

be found.



2.6.3 History of design activism

If we consider the industrial revolution as the birthday of the disciple of design, people were 

allways designing but it was during that time that it became a profession, it becomes apparent how 

entwined activism is in design. The very first movement in the history of design can be classified as 

design activis. The british arts and crafts movement existing from 1850 until 1914 opposed 

industrial mass production in favour of the "useful and beautiful". Ruskin and Morris infuenced by 

socialism advocated better working conditions in factory production, the creation of artefacts with

functionality, usefulness and beauty to improve life and encourage positive social change and 

believed in the social importance of craft and community. (Raizman 2003)[67]

Deutscher Werkbund through which the bauhaus school in Dessaw emerged was the next 

major design activist movement. The modernist position does not end with the aesthetics of the de 

Stijl movement but had deep roots in social issues. This movement  believed in creating practical,

affordable products for working class consumers, being the first to identify white collar workers. 

Inexpensive housing, and apartment for minimum living standards" for the masses was a key 

objective creating what swiss architect LeCorbusier called machines for living.

Followed by the rebuilding process after WWII and influenced by the situationalist 

movement and the May of 68 many radical design groups emerged. These groups  displayed a 

critical philosophical, political and social consciousness and rejected  ‘Bel design’ and its use as a 

status symbol and an attempt to revalidate individual creative expression. These movements , such 

as Memphis, Archizoom, Superstudio, UFO, Gruppo Strum and Global Tools layed the groundwork 

for later postmoderinst movements and are themselves considered proto-post-modernists.(Burdek, 

2001)[68]

The newest design movement, whis is emerging at thsi era, is design for sustainability or 

eco-design. It poses financial and social matters but at the same time adds enviromental issues to 

the equation. But which are the pressure points that design activist need in order to change the 

problematic situation of this system? 

2.6.4 Design for Under-Consumers

At the heart of the sustainability is a call for fairer distribution of economic, ecological, 

social and institutional capital between and within members of societies. Taking the economic 



dimension, statistics from the World Bank indicate that poverty levels remain shockingly high for 

the vast majority of the world’s citizens and the rich–poor income differential is widening. The 

richest 20 per cent account for 75 per cent of world income, whereas the poorest 40 per cent 

account for only 5 per cent of world income. This economic inequality is matched by great 

disparities in a wide range of social indicators from poor provision for schools, low literacy levels, 

poor health (often linked with inadequate access to clean water and appropriate sanitation), 

malnourishment and poor life expectancy.

While many of these disparities are recognized and specific goals have been set, for 

example, within the United Nations’ Millennium Development Goals, progress is slow. Poverty, and 

its legion effects, remains one of the most shameful issues of the 21st century for all humankind. As 

does the issue of gender equality as recognition of women’s rights is still woefully inadequate 

within many nation states.

With an increasing world population likely to rise from the current 6.7 billion to 8.9 billion 

by 2050, social inequalities look set to increase unless there is a significant redistribution of wealth. 

The main population gains are going to be in the poorer countries, where the migration to urban 

centres coupled with a bulge in the demography towards the young could create significant future 

hardship. To add to this pretty toxic mix of trends, it is predicted that climate change will force 

migrations unprecedented since the beginning of the Industrial Revolution. Current migration trends 

reported by the United Nations show 13.5 million refugees in 2005, and The Migration Policy 

Institute reveals a world on the move. In this world where there are numerous reasons for this 

migration, from economic necessity to political/ethnic persecution and refugees from hunger, war 

and, now, climate change; migration looks set to increase in the next 25–40 years.

The global economy is still struggling to come to terms with the implications for finite limits 

of resources against a background of a rising global population, very high economic growth rates in 

two emerging nations, India and China (together accounting for more than one-third of world 

population) and the uncertainties introduced by climate change and peak oil. The financial world is 

also experiencing a collective shock as the ongoing ‘credit crunch’ of 2007 continues, reducing 

global cash available to banks and lenders alike and causing uncertainties around future 

employment and economic growth. However, this may be a blessing in disguise as Spangenberg 

points out that, "economic growth can only be environmentally sustainable if it is accompanied by 

resource productivity increases that are higher than the rate of growth". This implies striving for 

and reaching much higher levels of eco-efficient production such as Factor 4 a halving of resource 

use and a doubling of outputs64 and Factor 10, a 90% per cent improvement on current efficiencies.

The current economic models of capitalism do not appear to be factoring these calculations 



into their immediate or long-term business plans, although some transnational businesses have 

adopted a downshifting view of resource use by applying 

One group, the New Economics Foundation in London, a ‘think-do’ tank, emerged from 

TOES. NEF examines economic possibilities from the point of view of social welfare and 

environmentalism. It has examined ideas of happiness and wealth and found that in Western 

societies life satisfaction has not increased significantly since the 1970s despite significant 

economic growth. This foundation prefers to use the measure of domestic progress (MDP) as an 

indicator of economic growth. MDP is gross domestic product (GDP) minus the real (negative) 

costs of environmental damage and individual/social ill health associated with that economic 

growth. NEF feels this is a more realistic measure of economic progress and better mirrors people’s 

perceptions of their happiness and general satisfaction with life. As the ‘haves’ and ‘have nots’ of 

the global economy have emerged, new visions and models of enterprise are attracting more 

attention in order to improve the positive effects of economic growth without disastrous negative 

consequences being felt by others. These include models with a new range of stakeholders focused 

on local needs and circumstances, enterprises with a focus on a disadvantaged or under-represented 

group and/or those providing social/health services, and a diverse range of alternative economies 

from non-monetary systems, to fairer trading schemes and to innovative ‘micro-credit’ schemes for 

the world’s poor. These alternative models recognize those left behind, those held in wage slavery 

and those not benefiting from the dominant capitalist economic model.

The ‘under-consumers’ may seem a strange term in a world where current levels of 

consumption seem unsustainable, the more so with the population due to increase to somewhere 

between 7.3 billion and 10.5 billion by 2050.106 The reality is that significant numbers of people 

go hungry every day, many do not have access to potable water, earn less than US$2 per day and/or 

live in temporary shelter. These under-consumers exist in the affluent societies of the North as well 

as the societies of the South. Under these conditions, quality of life remains an abstract expression, 

these people are focused on survival, striving to meet basic physiological needs, permanently stuck 

on the bottom of Maslow’s hierarchy of needs. (Maslow 1943)[69]These people actually need to 

have access to appropriate technologies and resources, they need to consume more resources. 

Resources may be available locally or regionally but unequal distribution and consumption of these 

resources by distant others able to pay a higher price, compounds local problems. A recent WWF 

report detailed the consumption of real and ‘virtual’ water for UK consumers. While the average 

UK consumer takes 150 litres a day from the water supply system, their ‘virtual’ water footprint (in 

food, textiles for clothing and other goods) is 30 times this amount, a total of 4645 litres per day per 

capita. This includes the water essential to food and other crop growth, plus water used in the 



manufacturing and processing industries. The latter is extensive as supermarket vegetables tend to 

be washed using very high volumes of water.(The WWF 2008)[70] One litre of water, sold in a PET 

plastic bottle can take up to nine litres of water in its production. 

Depending on the various statistics that can be invoked, the "under-consumers" represent 

between a sixth and a third of the global human population. Most of the design outputs addressing 

the under-consumers are predominantly "service artefacts", services, and information and 

communication projects to raise awareness/education /or provide new skills. Designs primarily 

focus on affordability, practicality, functionality and utility; other qualities, such as aesthetics, 

cultural fit and the generation of pleasure, are of secondary consideration and are often inadequately 

addressed. The drivers for this are diverse but may hint at a continuing underlying paternalism from 

the North, a lower order of priorities for this type of design, and lack of funds for designers keen to 

work with the underconsumers. "Might there also be a lack of ambition by many designers to work 

in this arena?" Papanek called upon designers to give just 10 per cent of their time to design for real 

needs. His clarion call seems worth reiterating today. 

There are some positive signs that more designers are taking up the task of addressing their 

more global, as opposed to just commercial, responsibilities. In 1999, Architecture for Humanity 

(AfH) was established, out of which emerged the Open Architecture Network giving an opportunity 

for architects to donate design days to ongoing projects. In 2005, Denmark’s not-for-profit 

organization INDEX launched its Index: Design to Improve Life awards. Today INDEX is now 

operated and owned by the Danish Design Centre, Copenhagen, an original founding partner. These 

awards have undoubtedly helped call attention to and encouraged greater involvement of the global 

design community in targeting the over-consumers and the under-consumers]. In 2007, a total of 

337 design institutions nominated specific designs for the awards. Unfortunately, only a relatively 

small proportion of the designs of the nominated winners in 2007 would be affordable to those 

earning a few US dollars a day, and the cultural acceptability of some of the designs remains a moot 

point. 

A recent exhibition held at the Cooper Hewitt Museum, entitled ‘Design for the other 90%’, 

reveals varying standards of aesthetics, technology and production. (Smith, 2007)[71] In fact, some 

designs seem stuck in a time-warp, progressing little beyond the achievements illustrated in 

Papanek’s book 37 years ago. The conundrum expressed then is still valid today – how can we 

create useful, affordable, life-enhancing and beautiful design for the under-consumers? Nonetheless, 

all designers working to improve the lives of the under-consumers rightly deserve the moniker 

‘design activists’, as they are genuinely intent on lifting people’s lives beyond a litany of daily tasks 

just to survive. The most basic needs that under-consumers need to cover are the needs for:



• Shelter: The provision of shelter for the needy reflects the stresses and strains evident on 

populations affected by economies that magnify the rich–poor divide, by global geopolitics 

and economics, by political regimes that result in inequality and persecution, and by 

disruptive man-made and natural disasters. AfH categorizes housing shelter driven by 

reasons of emergency, transition, permanence and homelessness, and addresses issues of 

community under ‘gathering spaces’ and "women specific places". (Sinclair,2006)[72]

• Water and Food: Many rural and urban poor require robust, affordable solutions that can be 

locally made. The tradition of ceramic making continues in many communities and provides 

a means to meet basic water and cooking needs with an appropriate level of technology. 

Examples include the Kenya Ceramic Jiko, a portable charcoal stove and the Ceramic Water 

Filter deployed in Cambodia . Often these designs experience iterations over time with input 

by a wide variety of ‘designers’. By contrast, other devices are a specific outcome of a 

conventional design process driven by individual designers or a design team, such as the Q 

Drum water transporter, Oxfam bucket and Watercone® . The true test of the effectiveness 

of such designs is their availability, affordability and cultural acceptability.

• Education and awarness: Access to resources is an integral part of raising awareness and 

educational standards. Inventor and designer Trevor Baylis recognized the vital role that 

radio can play in giving whole communities access to information. His 1996 Baygen 

Clockwork radio, powered by a wind-up generator became an emblem of empowerment and 

led to the founding of Baygen Power Industries in South Africa. The One Laptop per Child 

(OLPC) project, originated by Nicholas Negroponte with Yves Bιhar, fuseproject and 

Design Continuum, has created a very eco-efficient, light-weight laptop and an intuitive PC 

interface to help address the digital divide and provide internet access to poor children, 

especially in the South.

• Tackling of Medical Issues: A Danish/Swiss company, Vestergaard Frandsen, specializes in 

products that provide immediate healthcare benefits ranging from malaria protection 

(PermaNet®, ZeroFly®) and personal ceramic filters for obtaining clean water 

(LifeStraw®). These fit the market-driven philosophy of most product design and 

undoubtedly provide immediate help, but are more probably most effective in combination 

with more holistic and systemic provisions at the local level. The balance between product 

interventions and the creation of systems of self-reliance is another tough challenge for 

those wanting to make a difference for the under-consumers. Yet another challenge is to 

apply the same high standards of design that the over-consumers take for granted. The Solar 

Aid designed and manufactured by Godisa Technologies in Botswana is making a positive 



difference to the lives of those with impaired hearing with its solar panel battery recharger, 

but how can further improvements be made?

By tackling those issues and raising the quality of life we take a step towards sustainability. 

This process under no circumstances should be viewed as charity. Most of the companies mentioned 

above are ordinary capitalist establishments that simply chose to target this market. At the same 

time the pro bono involvement of a designer is not charity since AIGA calls designers to do pro 

bono work, but get payed for it when possible.

2.6.5 Design for Over-Consumers

If there is a critical mass population that can minimize future risk around the big global 

issues then it is the rich 20 per cent of the global population whose total mass and flow of 

consumption is causing most of the problems. The need for change is clear, it is often a question of 

how to change. The main ways to convince over-cosumers move towards a more sustainable model 

of consumption follow:

2.6.5 .1Raising awareness, changing perceptions and changing behaviour

Sustainability is learning about living well but consuming less, it is a social learning process 

and will involve moving from a "product-based well-being" towards thinking about products, 

dematerialized products, services and enabling solutions to satisfy our needs. A personal and 

collective realization of the importance of adopting cyclic rather than linear consumption and 

production is also implicit in achieving long-term sustainability. Frederich Schmidt-Bleek and his 

colleagues at the Wuppertal Institute and Factor 10 club suggest that a 90 per cent increase in 

efficiencies of resource use is required to ensure that an increasing global human population can be 

maintained within stable environmental and social systems. Heinburg suggests that the rate at which 

resources are being consumed makes resource use efficiency and avoidance of resource depletion 

the key challenges of the early 21st century.(Heinburg 2007)[73] An intertwined strategy is 

required: the strategy to directly improve the eco-efficiencies of the product or service throughout 

its life cycle; and the strategy to deliver ecoefficiencies indirectly by changing behaviours. To make 

this strategy effective also means engaging with academic, social, political and commercial 

agendas.



Redirective theory and practice

The first group of people that urgently need to change their behaviour are the designers 

themselves. Various design theorists and critics have been touching on the sustainability theme 

since Richard Neutra’s 1954 book, Survival through Design,(Neutra, 1954[74]) but it was not until 

the early 1990s that the discourse on the environmental impacts of design came of age  and only in 

the past five years or so that attention refocused on design in the social arena. Concurrently, there 

have been a number of emergent new design approaches that have gathered within the sustainability 

canon such as: critical design, slow design, co-design and metadesign. Such approaches are an 

attempt to reframe design theory and practice. Anne-Marie Willis talks about "redirective practice" 

which requires a deep understanding of what we currently design that is unsustainable, in order 

that design as "preconfiguration and directionality’"can move towards more sustainable solutions.

(Willis, 2008)[75]  The objective of redirective practice is ‘sustainment’, a complex concept that 

eludes one explicit meaning but gathers around the idea of "sustaining that which sustains". 

Transforming thoughts and perceptions of the culture of design about sustainability seems a crucial 

undertaking for the design activist that is now gathering significant attention in design research, 

studies and practice in Europe and worldwide.

Communication by information

Organizations such as Adbusters and writters like Naomi Klein[76] have long raised the 

spectre of over-consumption and its promulgation by the multinational corporations and the media. 

Others are now finding ways of engaging people to question their own responsibilities in the way 

they consume. Finding new ways to communicate requires imaginative use of design to penetrate 

beyond the ‘white noise’ (many random signals of equal intensity) of contemporary life.

Communication by concept, prototype or artefact

Concept designs are frequently deployed to challenge an existing canon or imagine future 

possibilities. They often emerge as the result of design competitions, as explorations for clients, 

from research projects, and/or from the development of a personal design ethos, portfolio or body of 

work.  The strength of these designs is to ask ‘what if’, a central question to any design exploration.

Communication by event, story or scenario

An event by a professional activist group provides a challenge for the commissioned 

designers. Such scenarios were created for the sustainable eceryday project. Scenarios were built by 



using a participatory approach in design workshops around the world, focused on aspects of 

everyday life in the city from moving around, getting and cooking food/water/energy, leisure 

activities and work/family life. The objective was to create a range of solutions that were enabled or 

facilitated individually or collectively using existing resources as much as possible. Central to the 

project was the idea of elevating the well-being and capability of the people involved. Some 

common principles and features emerged from the scenarios (see table bellow). These reflect many 

of the characteristics defined earlier by the Postmodern ecologists  but also introduce a 

transformational shift from individually owned products to collectively organized products and PSS 

coordinated by increasing system and social connections. 

General principles Quality of context System intelligence
●Think before doing. 

●Weigh up objectives and 

ethical considerations

●Promote variety, 

biological, socio-cultural 

and technical diversity

●Use what already exists. 

●Reduce the need for the 

new. 

●Minimize intervention. 

●Enhance what is there

●Give space to nature. 

●Protect natural environments 

and promote ‘symbiotic nature’

●Re-naturalize food. 

●Cultivate naturally

●Bring people and things 

together. 

●Reduce demand for transport

●Share tools and equipment. 

●Reduce the demand for 

products.

●Foster new forms of 

socialization

●Empower people.

●Increase participation

●Develop networks. 

●Promote decentralized, flexible forms of 

organization. 

●Develop learning systems with feedback that 

can be reorientated

●Use the sun, wind and biomass. 

●Reduce dependence on oil. 

●Alternative energy systems minimizing CO2 

emissions

●Produce at zero waste. 

●Promote forms of industrial ecology.

●Closed loops of materials and cascade energy
The orientations and guidelines for the Sustainable Everyday project Source: (Manzini & Jιgou, 

2003)[77]

2.6.5.2 Ways of making and producing

The global economy enables transnational corporations to manufacture their brands 

anywhere that competitive labour prices and raw or manufactured materials can be readily brought 

together. This distributed manufacturing relies entirely on fossil fuels to move raw materials, 

components and finished products around the globe. Peak oil will challenge this model of 

manufacturing as the proportional cost of oil rises in each part of the supply and distribution chains. 



The growth of the green, ethical and organi’ consumer markets since the mid-1980s (Hailes, 1988)

[78] and more recent attention to ‘localization’(Hines 2000)[79] is a trend emergent from a system 

that has understood the shortocoming of this contemporary process and tries to evolve in ordrer to 

survive. This trends appear set to continue. Other more fuzzy trends are contesting the way things 

are made. Demands for products that are more easily personalized or customizable, tend to offer the 

promise of more durable emotional relationships(Chapman 2005)[80]. The inextricable rise of the 

internet in everyday life is leading to much experimentation in ways of making and the emergence 

of co-created, co-designed and replicable designs is a plausible reality. In the search for more 

meaning there may be a shift in the balance between what is made by manufacturers, designed by 

professionals, and what is self-made, designed by non-designers.

Halfway products

A "halfway” product,the  only takes the product so far, leaving a space for the user to 

complete the making. The user embeds their  own creativity, stories and mistakes in the process of 

finishing the product, thereby cementing a personal narrative, memory and associations that 

differentiate this product from others manufactured at the same time. Halfway products differ from 

examples of car customization where the user has taken a standard production car, removed 

elements and added their own "custom" element. They also differ from "mass customization" or 

"mass personalization", (manufacturers offering a range of colours or model types, or offering a 

standard model with variable elements). Those halfway products attempt to create added layers of 

meaning for the user by involving them tangibly in completion of the form giving. In doing so, the 

aesthetic is made personal, the user becomes "embeded int the product and reflective value is added 

(Norman, 2004)[81] A radical example of such a product isMarijn van der Poll’s ‘do Hit’ metal cube 

that the user shapes into an armchair by using a sledge hammer. An emotional mortar with the 

product is forged by the user becoming an active participant in the final creation and the uniquness 

of the product created.

Modular evolved products

Traditional ways of organizing and managing mass industrial production have largely been 

uncontested since the mid-19th century, because they support a well understood and risk-limited 

business model. This model also generates huge quantities of products, much of which on a rather 

short-lived journey to a landfill site. A study by the Dutch Eternally Yours Foundation revealed that 

20–90 per cent of discarded domestic electrical products were still working and offered the original 



functionality.According to Walker 2006 we need to “unmask” the object and make electronics in a 

way that the end user will be able to either repair the product or scrap the working components an 

use them to create  

"Ethical" products

The history of ethical product manufacturing for the consumer economy commences in the 

1970s with the Body Shop cosmetics chain and Ben & Jerry ice cream that pioneered brands with 

strong ethical values as a means to differentiate these companies from their competitors. Wider 

consumer market demand did not emerge until the late 1980s in Britain, when magazines such as 

Ethical Consumer examined the credentials and products of companies espousing to be ethical.

(Whiteley, 1993)[82]. Since then new labels and certification schemes have emerged to give the 

consumer information on a wide variety of ethical concerns. The Fairtrade label that ensures a fairer 

percentage of profits goes to the primary grower, is perhaps the best known. Industries have adopted 

their own methods of communicating their ethical standards. There are many examples of socially 

ethical design, yet, most of the above examples are generally not led by designers. 

Replicating machines, brokered manufacturing, downloadable designs 

The ‘information age’, facilitated by the inextricable rise of the internet, is generating new 

visions of manufacturing. RepRap (Replicating Rapid prototyper), designed by Adrian Bowyer and 

Vik Oliver at Bath University, is a self-copying 3D printer that builds components by building up 

layers of plastic. Once one RepRap has been built, it can then replicate itself, as indeed happened in 

the laboratory at Bath on 29 May 2008. As the designs for the machine are available under the GNU 

General Public License, anyone can build and upgrade one. This potentially opens up radical new 

ways of organizing manufacturing, servicing and maintenance for elements, components or whole 

products. Another example is Marcin Jakubowski  "Open-sourced blueprints for civilization" a 

project that has uploaded blueprints for 50 necessary farm tools on the internet. These designs are 

open source and were designed in a way that the user can assemble and repair them using easy to 

find components.

2.6.5.3Eco-efficiency improvements

Improving the eco-efficiency of any design artefact or service is an act of activism to reduce 

impacts on the world’s ecosystems (and humankind). While this is clearly  different from an activist 

who takes action to protect a habitat, ecosystem or specific species, reducing the impacts of our 

production and consumption is of great importance. Since the turn of the millennium, a significant 



body of work has been published on design that aims for improved eco-efficiencies in order to 

lighten our impact on the Earth’s resources, habitats and ecosystems. There are numerous examples 

showing that designers, clients and manufacturers, are striving to turn rhetoric into new eco-design 

or ecological design practice. (Fuad Luke 2004[83], Wiedemann 2010) While these examples are 

many, and growing, many have not achieved critical mass in the markets. A good analogy is to walk 

around a typical Western supermarket and see the proportion of organic food in relation to all the 

rest of the food being sold. Organic food is present but the vast bulk of food produced, bought and 

consumed, originates from inorganic systems requiring high oil energy inputs and oil-dependent 

derivatives. This same picture emerges scanning across other consumables to durables. Any 

designer prepared to take on this role, and enlist the silent client of the environment – nature – is a 

default activist. Many eco-efficient products utilize materials with an inherently lower impact 

(recycled, biological origin materials) and reduce energy during the manufacturing and/or during 

the use phase of the product.  

While the innovations are many, few products are designed to be taken back by the 

manufacturers at end-of-life, so there is still significant progress required in this area to "close the 

loop" and ensure eco-efficient recycling of valuable materials. That these manufacturers and 

designers are actively striving to make their products more efficient is laudable, but measuring their 

true ecoeffectiveness remains problematic, especially since studies show that eco-efficient products 

can generate a negative rebound effect – that is when the users spend the money or energy saved 

from these products in other areas in their lives. In a worst case scenario, the successful sale of 

millions of eco-efficient products into new markets has the potential to actually increase overall 

energy consumption.

2.6.5.4 Contesting meaning and consumption

"Green", "ethical" and "sustainable" consumption received consistent attention from the late 

1980s onwards but these approaches gather around abstract notions of causing less damage to the 

environment. In the design debate, the human, and hence social, imperatives of consumption 

received less attention. The real question rests on how we can consume to improve well-being and 

quality of life and simultaneously reduce our environmental footprint. Understanding what 

motivates us to consume differently seems to be important. Researchers turned towards needs 

theory to understand the physiological, psychological and social functionings that contribute to 

well-being.(Jackson 2004)[85] Others examined how design can offer substantive improvements to 

deepening our relationship with products in order to extend the lives of products while enriching the 



users’ lives, (van Hinte, 2004)[86] how a new model of well-being posited on balancing the 

individual against economic, environmental and social factors could refocus designers and 

manufacturers, and the role that design canplay in cementing powerful emotional and experiential 

relationships with objects.(Chapman, 2005[87], Norman 2004[88]) 

Ways of deepening and extending relationships throughout the lifetime of a product, the 

introduction of new rhythms and experiences, and shifting consumers from products to 

dematerialized services form the bedrock of designers searching to deliver new meanings to 

artefacts and hence to the act of consumption. improving human–product relationships. Focusing on 

experiences not objects Life’s experiences and the social relationships we develop tend to be a 

forceful arbiter of what we make of life. Lawrence and Nohria observed that we are ‘hardwired’ 

with four innate, universal, independent yet inter-connected drives: 

• To acquire objects and experiences that improve our status relative to others

• To establish long-term bonds with others based on reciprocity, of mutual caring commitment

• To learn about and makes sense of our world, which is largely our own social creation, and 

of ourselves

• To defend ourselves, our families and friends, our beliefs, and our resources from harm.

(Lawrence,2002)[89]

The acquisition of objects is an important drive that the design of artefacts can help satiate, 

but the other drives are orientated around experiential, social, existential and survival factors. 

Moving beyond form and function, some designers use the object as a conduit to an experience 

"beyond the object". Critical design’s purpose is to "stimulate discussion and debate among 

designers, industry and the public about the aesthetic quality of our electronically mediated 

existence"(Dunne 2001)[90], it is not for the purpose of commercialization or exploitation by 

industry. In this sense it is not research and development but research and exploration. 

2.6.5.5 Social cohesion and community building

"Sustainable communities" became a catchphrase for the New Labour government in the UK 

in the early 2000s, although defining a sustainable community remains problematic. Manfred Max-

Neef’s framework for Universal Human-Scale Development attests to our genuine need for 

participatory, social and collective experiences, so the idea of using design to help generate 

improvements in social cohesion, to repair existing communities, or build new ones (Max-Neef 

1991)[91], seems to offer some promise. 



Catalysing positive social and environmental change is the founding premise of the Designs of the 

time 2007. Project, an initiative funded by the UK’s Design Council and One NorthEast, in the 

north-east of England in 2007. Dott 07 was an exploration of how design could help society explore 

"what life in a sustainable region could be like", through a year of community projects, events and 

exhibitions. The project focused on five aspects of daily life: movement, energy, school, health and 

food which were identified as the most important aspects of a community in need of being made 

more sustainable.

2.6.6 The value of participatory design in design activism

Design activism considers participatory design as a basic part of the design process. 

Participation confers two characteristics to the design process: It allows the user to take the means 

of manufacture in his own hands, and though the diffusion of information it creates a more 

democratic society. (Howard, 2004)[92]

Since the 1980s there has been a shift in attitude of certain business sectors towards its 

customers. The realization that the creative potential of these very same customers can help 

business create better services and products has encouraged the development of a range of 

methodologies to tap this potential. The language has shifted, as noted by Liz Sanders of US design 

agency SonicRim, who was an early pioneer in revitalizing participatory design approaches(Sanders 

2004)[93] from designing for users to designing with users, from customer to user to co-creator as 

pictured bellow. This shift has been paralleled with a resurgent debate about the social dimensions 

of design,(Morelli 2007)[94]the role of the internet in opening up new opportunities for design,

(Leafbeater 2004)[95] a widening of ecological reform to embrace technocratic to strong 

democratic approaches,and the shifting canvas of design praxis. (Thackara,2005)[96]  Now that the 

participatory genie is out of the bottle, designers need to get a firm grip on what it means for the 

design profession and how it can be engaged effectively for design activism. One particularly 

important dimension is how intellectual property (IP) is protected in this participatory culture. A 

balance needs to be struck between commercial appropriation and the creation of a genuine 

commons of knowledge and know-how.



There are many aporaches to how participatory design, these include: Co-design, Participatory 

design (Illich, 1973)[97], MetaDesign(Wood, 2007)[98][99], Social Design (Margolin2002)[100], 

User Centered Design (Norman, 1988)[101], Universal Design or Design for All (Lebbon,2003 and 

Ostroff,  2001)[102][103], Mass Collaboration (Rheingold, 2002)[104], User Innovation 

(Leadbeater, 2008)[105]  and Slow Design (Fuad-Luke, 2002) [106][107]



CHAPTER 3
Strategies And Sustainability





3.1 Introduction

Different frameworks were discussed in the previous chapter, their differences revolve 

around three axes: whether they advocate eco-efficiency or eco-effectiveness, whether they 

advocate linear or cyclic product life cycles and finally whether they accept the existence of and 

incorporate limits. This las difference can be also viewed as  a debate between a technical fix whilst 

resuming our 'having' lifestyle compared to shifting away from our addiction for consumption 

towards a 'being' state of mind (Fromm, 1976)[1]. However it is possible to put these differences 

aside and focus on emerging patterns that appear in the majority of the frameworks analyzed earlier. 

Due to the number of different approaches to design for sustainability we first need to identify the 

principles that run through the majority of the body of bibliography analyzed in the previous 

chapter. This analysis can be considered biased since not all the frameworks follow the same norm 

of presenting the main  principles that they utilize and on which the rest of the framework is built. 

This approach creates a need by the reader to identify said principles while reading about the 

framework. We recognize a possibility that some of the principles identified may not be what the 

creator of the framework had in mind and are a misconceived. The table bellow includes the basic 

principles of each framework some of them explicitly defined as principles while others identified 

while reading about the frameworks:

Cradle to 

Cradle

Total Beauty Biomimicry Natural 

Capitalism

Life Cycle 

Analysis

Natural Step Design 

Activism
Cradle to 

Cradle Life 

cycle

Cyclic Evolve to 

survive

Reinvest in 

natural capital

Minimize 

Environment

al Impact

Effective use 

of materials

Eco-efficiency 

improvements

Eco-

Effectiveness

Solar Be Efficient Move towards 

service Design

Cradle to 

Grave 

Lifecycle

Eliminate 

toxic 

concentration

s

Contesting 

meaning and 

consumption

Waste Equals 

Food

Safe Adapt to 

changing 

Conditions

Redesign 

production 

according to 

biological 

models

Recycle – 

Take back

Effective 

resource 

acquisition 

(zero impact)

Ways of 

making and 

producing

Use Available 

Solar Income

Efficient Integrate 

Development 

Adopt 

innovative 

Minimize 

Material and 

Fair 

distribution of 

Raising 

awareness, 
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with Growth technologies energy use resources 

globally.

changing 

perceptions 

and changing 

behaviour
Social Be Locally 

Attuned and 

responsible

Implementing 

Whole-

System 

Design

Social 

cohesion and 

community 

building
Use Life-

friendly 

Chemistry

This table allows us to gain access to a rich picture of the principles associated with design 

for sustainability. By understanding differences and similarities of these principles, taking into 

account the problems that gave birth to our unsustainable culture, analyzed in the first chapter, and 

considering the definition we provided for sustainability we are able to synthesize a set of  generally 

accepted principles of sustainability.

3.2Defining Structural Principles

Principles that attempt to cover as much cognitive ground as possible in the field of 

sustainability. We must note here that the goal of this process is by no means to attempt to create a 

framework for design for sustainability inclusive of all other frameworks but to help achieve a 

better understanding and at the same time offer a basis on which all frameworks can be judged, so 

when the time comes to pick a framework in order to incorporate in the design process one will be 

able to understand the point of view of each framework, compare them and choose the optimum for 

the task at hand and the Weltanschauung of the designer. In an attempt for semiotic clarity and in 

order to maximize inclusion of different principles a simplistic choice of as less words as possible, 

similar to the one used by the total beauty framework, was used to define these structural principles. 

The principles we identified are: Local,Safe,Cyclic,Socially Acceptable, Rational use of energy and 

materials. 

Local:  All sustainability is local. The energy needed to move goods around the globe is essentially 

wasted.  By being local we minimize impacts of traveling, time that a resource is in limbo and 

simplify shipping processes (for example flash frozen foods). At the same time money spent 

remains in the community revitalizing it and helping local businesses grow instead of being 
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stockpiled wherever the headquarters of a multinational corporation are. Also by designing 

locally products produced truly and deeply fit the needs of the users and display character by 

embracing local culture and thus creating emotional bonds with the users deeper than the ones 

created at a  visceral level. The choice is between designing a bland and faceless, albeit slick, 

product to be had around the globe by all and used by no one and the alternative of creating a 

product with foundations on the cultural bedrock that runs through a group of people, a product 

that displays character, respect and speaks the user's mother tongue while fitting the needs and 

wants of local  culture as well as local environmental restrains.  

Holistic: Sustainability requires a systems perspective since it addresses complex systems with ill 

defined boundaries such as the market, the eco-system or social system. At the same time it 

needs to assess the correlations between these systems. Systems’ thinking offers the tools to 

address problems associated with sustainability in a manner that fits all of its dimensions. Also 

as we saw in the first chapter in order to achieve sustainability we cannot simply reduce 

unsustainability to zero we need to assess the whole problem, gain a holistic understanding, 

find the best possible leverage points  in the system. The aim is a transformation from today’s 

unsustainable society to a truly sustainable one and this needs a wide perspective and an 

understanding of the whole system. 

Cyclic: All the frameworks analyzed, with the exception of LCA, identify the use of cradle to cradle 

lifecycle and the eventual elimination of the concept of waste. It should be noted that LCA 

assesses this by providing tools that enable recycling, repair and take back programs. The 

cyclic lifecycle is the rational answer to the understanding of the limits set to human 

development by the environment, matter is finite and it is impossible to have a future whilst 

embracing linear material lifecycle. This is why products need cyclic lifecycles, there are many 

strategies on how to achieve this and they are discussed later in this chapter.

Safe: Not causing adverse impacts on any ecosystem, including humans, is another principle that 

even if not explicit in some appears in all the frameworks as it is a structural part of 

sustainability. This principle is strongly associated with the problem of limits since while 

humanity believed that all dangerous waste could be discarded far away from the users no 

danger existed. However this under the rug approached was proven wrong in the 1970s when 

the dangerous pesticide DTT was found all over the globe, even in the eggs of penguins in 

Antarctica (Carson 1962). The aim of design nowadays need to be the abolishment of all 
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harmful, or potentially harmful substances and if this impossible due to the lack of a viable 

alternative, the creation of services that will ensure that any dangerous substance will be used 

in a closed loop and will never escape into the biosphere while at the same time research to find 

a viable alternative and ways to detoxify the used resources will be undertaken.

Rational use of energy and materials: The need to use materials and energy in a more rational 

way emerges from the better understanding of the problem of limits discussed in the first 

chapter. Since resources are finite we need to use them at the same rate that they are 

replenished if we want to avoid running out. There are two approaches as to what is the more 

rational way to use resources. The debate between eco-efficiency and eco-effectiveness. The 

term eco-efficiency is based on the concept of creating more goods and services while using 

fewer resources and creating less waste and pollution. According to the WBCSD definition, 

eco-efficiency is achieved through the delivery of "competitively priced goods and services 

that satisfy human needs and bring quality of life while progressively reducing environmental  

impacts of goods and resource intensity throughout the entire life-cycle to a level at least in 

line with the Earth's estimated carrying capacity."(WBCSD 1992)[2]. According to Boulanger , 

all versions of eco-efficiency share four key characteristics:

• Confidence in technological innovation as the main solution to un-sustainability;

• Reliance on business as the principal actor of transformation. The emphasis is on firms 

designing new products, shifting to new production processes, and investing in R&D, etc., 

more than on the retailer or the consumer, let alone the citizen.

• Trust in the markets ability to function in a way that will aid the emergence of sustainability.

• “Growthphilia”: there is nothing wrong with growth as such. Moreover, with “cradle-to-

cradle”, growth is conducive to sustainability per se. (Boulanger 2010)[3]

On the other hand eco-effectiveness, a concept proposed by the cradle to cradle framework 

is a concept that was developed in response to some of the perceived limitations of eco-efficiency 

which critics claim only slow down the rate of environmental depletion and don’t reverse the 

production of unused or non-recycled waste. Eco-effectiveness proposes an affinity of benign 

resources or even resources that can act as nutrients, to achieve goals (Braungart & McDonough, 

2002)[4]. Opposed to simply using less it calls for using more but in a way that doesn't cause 

adverse impacts on the environment, just like the life-cycles of biological organisms.
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Socially Acceptable: The social aspect of sustainability is as important as the environmental. It 

would be unwise to shift our society towards respecting the environment and considering 

equity with all life while at the same time not treating all other human beings with the same 

respect that we treat the ecosystem. In this spirit any framework that claims to advocate 

sustainability must consider social issues connected to acquisition of resources, manufacture, 

use and disposal. Like every other aspect of sustainability one should not stop in minimizing 

social impacts but should work towards improving social conditions through design. Instead of 

aiming towards minimizing social impacts one should aim towards creating a 'social' impact 

free system of design manufacture distributing and use. For example instead of just using  the 

SA8000 standard or fair trade practices and stopping there thinking that through this form of 

charity we have done enough, we must alleviate the harms caused by our industrial society and 

move forward towards community building or through critical design, changing the perceptions 

for consumption in our society or lifting cultural blocks.

The first step is to align these proposed structural principles of sustainability with the 

principles of each framework. This will enable us to identify the focus of each framework and 

whether it is inclusive of all the principles we identified. This is a very important step because it 

allows us to understand the weak and strong points of each framework thus making the choice 

easier, as long as we know which aspect we want to focus on when designing. Another important 

use of this taxonomy is that it enables us to synthesize two or more approaches in order to 

understand all the aspects of the problematic situation for which we will design and act accordingly 

taking into account all parameters of this problem.
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Seeing that the principles that we identified and that emerge from the definition of sustainability we 

adopted appear as pylons of most frameworks we analyzed earlier, depending of course on the focus 

of each framework, strengthens the belief that our choice was sound and that these principles can 

indeed function as a common ground on which all existing frameworks and new ones can be 

deconstructed and better understood. Also the fact that our proposed principles don’t seem to leave 

any principles out no new principle needs to be added and thus we can move forward in better 

understanding said frameworks using these “structural principles”.

3.3 Using Structural Principles to evaluate frameworks

In this fashion the next step is to visualize how each framework integrates the six principles we 
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identified. This is done by using these six principles as dimensions in a hexagonal polygon. The 

degree of integration of each principle is expressed as a number from one to ten and then is used to 

define each point of the polygon. Consequently the bigger the area of the polygon the better the 

integration of the “structural principles” we identified earlier. Another clue this visualization gives 

us about each framework is that the angles of the shape show us how inclusive of all principles the 

frameworks is, a more rounded shape means that all principles are considered at the same degree.

 It is very important to note here that the following scoring process is not a critique or an evaluation 

of the frameworks analyzed earlier since this is not the aim of this dissertation. The following 

quantitive analysis attempts to aid us in better understanding each framework by using a common 

basis on which the degree of inclusion of the principles that this basis is built upon and comparing 

them. The aim of this process is not to say “Framework X is better than Framework Y” the aim is to 

gain a better understanding of the problem situation since through better understanding the solution 

becomes clearer. This comparison process is vital in grasping the spirit of each framework, its area 

of focus, its pros and its cons so that one can easily choose the framework that fits his needs and at 

the same time understand the full scope of design for sustainability.

At the same time the creation of a basis for evaluation through the use of structural 

principles can be used to evaluate new emerging frameworks and is not limited to the frameworks 

analyzed in the previous chapter. Due to the fact that they are based on the definition we adopted for 

sustainability they can be used on whatever framework can be associated with sustainability.

The next step in better understanding and taxonomizing the aforementioned frameworks is to place 

each of them in a Cartesian system using two sets of opposite positions as the axes. This will aid us 

in refining our understanding of the frameworks spirit even more and at the same time better 

understanding the points of differentiation between the frameworks. The axes that were chosen are 

eco-efficient – eco-effective and cradle to grave lifecycle- cradle to cradle lifecycle. These were 

chosen because there is much room between these two extremes (for example the approach of LCA 

that proposes a cradle to grave lifecycle but at the same time advocates recycling as much as 

possible) and at the same they are a defining and fundamental position that a framework must adopt 

at conception. One could go as long as claiming that these axes are a form of a dialectic thesis - 

antithesis and all frameworks can be encompassed between these two extreme positions and can be 

seen as the synthesis of those two (Hegel, 1807)[5]. Even though these two sets of positions are not 

opposites but simply two contradicting strategies to achieve sustainability we can consider to be 

dialectic opposites since our initial thesis – antithesis was between sustainability and 

unsustainability. Under this assumption we can align our two dialectic dipoles with our initial one, 

the cradle to cradle lifecycle is sustainable while a cradle to grave lifecycle can be continually 
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improved to be less unsustainable, but will never be sustainable. The same can be said for eco-

effectiveness and eco-efficiency since eco-effectiveness calls for a paradigm shift from today’s 

unsustainable practices towards a rational and abundant use of materials while by being eco-

efficient we attempt to minimize impacts by minimizing use of resources, thus minimizing 

unsustainability, but unless we are able to fully dematerialize the product (both materially and 

energy wise) there will always be impacts.
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3.3.1Cradle to Cradle

Score Rationale
Local 2 No explicit mention about locality is made in the framework or the certification criteria 

of cradle to cradle. This happens because the authors believe that technological fixes 

will en

able us to overcome the limits set by locality by eradicating the impacts of transport.
Holistic 7 Although not explicitly claiming to be holistic the cradle to cradle framework attempts 

to assess the issue of sustainability holistically. Especially as far as the lifecycle is 

considered having such a assessment on all the stages requires holistic thinking/
Cyclic 10 Cradle to cradle lifecycle is totally cyclic. The use of the two cyclic metabolisms, a 

technical for all non biodegradable materials and a biological for everything else, 

accounts for all material that otherwise would escape the cycle.
Safe 9 The Food equals Waste principle explicitly states that all by- products in both circles 

are benign to the environment while any hazardous materials are "parked" until a way 

to neutralize them are researched. The materials in the biological metabolism are 

broken down to be used as nutrients while technological metabolism is a closed loop 

from which no pollutants escape.
Rational use of 
energy and 
materials

9 Eco-effectiveness coupled with the use of as much solar income as is needed is the 

third pylon of the cradle to cradle framework. The first principle deals with the 

effective use of materials, as opposed to efficient use of materials, while the second 

principle is essentially a rationalization of the energy production process.
Socially Sound 3 Although no mention is made in the principles the last step of the certification is 

concerned with social responsibility. However the criteria for this are vague.

174



3.3.2 Total Beauty

Score Rationale
Local 3 No explicit mention about locality is made in the framework or the quantitive metrics.
Holistic 2 The total beauty framework lacks in holistic thinking due to the fact that it assesses 

each of the categories alone and does not attempt to synthesize them all together. It 

makes the assumption that if the score of the five quantitive dimensions is maximized 

then the product will be sustainable.
Cyclic 8 Using recycled materials and recycling materials is an important part of the total beauty 

framework. At the same time ugly points are awarded for non-recyclable materials. 

According to the framework no materials are incinerated or disposed in a landfill. This 

means a cyclic life cycle is adopted, however what kind of cyclic lifecycle this is, is not 

further discussed. 
Safe 8 The safe metric of the total beauty assesses the safety issues created by manufacture, 

use and disposal of products. This means minimizing dangerous impacts of said 

activities. At the same time ugly points are scored for the use of materials that are 

dangerous such as PVC or plexiglass. 
Rational use of 
energy and 
materials

9 The efficient and solar metrics of the total beauty are assessing the rationality of 

resources used efficiently. The metric used sound confusing at first, however once fully 

grasped provides an excellent basis to judge whether the new product is truly efficient. 

Also ugly points are attributed for materials that are inefficient.
Socially Sound 7 Even though social considerations are included in this quantitive framework the criteria 

for this are proprietary (the SA8000 standard). Also no ugly points are attributed for 

social issues such as slave or child labour.
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3.3.3 Biomimicry

Score Rationale
Local 9 "Nature does not commute to work" is an important part of the biomimicry framework. 

Also a group of nature's principles is solely devoted in being Locally Attuned and 

responsible
Holistic 6 The biomimicry framework's integrate development with growth set of principles is 

holistic especially in the part that focus on self-organizing structure as well as the use of 

second order cybernetics (nested components).
Cyclic 9 In accordance with biological models all waste is nourishment for other organisms. In 

this fashion all biomimetic products use a cradle to cradle lifecycle. All materials are 

used in a biological metabolism since all materials are biodegradable.
Safe 8 No dangerous by-products are released by biomimetic products. All by products are 

broken down to benign constituents and all manufacturing takes place in room 

temperatures and pressures and water is using as the solvent.
Rational use of 
energy and 
materials

7 Biomimicry uses a group of principles focused on effective use of materials and energy. 

This is achieved by using low energy processes, multi functional design etc. The most 

rational part is the use of energy to transform materials. The traditional heat, beat, treat 

method of creating high end materials requires high amounts of energy, biomimicry 

proposes that all these processes take place in room temperatures and pressures.
Socially Sound 2 The biomimicry framework does not display any social considerations.
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3.3.4 Natural Capitalism

Score Rationale
Local 8 By reinvesting in natural capital the natural capitalism attempts to repair the damage 

caused to the local ecosystem by the design and manufacture process. Two 

shortcomings of this however are the "enclosure of the commons" in order to secure 

the investment, and due to the fact that most environmental impacts are global the 

investment and improvement away from the locale of the pollution. At the same time 

the lean thinking principles aim to help minimize the impacts of globalization.
Holistic 10 Natural Capitalism's use of the whole system design methodology is strongly holistic 

since it attempts to assess the design process in a holistic way understanding that the 

Holon is larger than the sum of its parts and thus avoiding designing sub-systems.
Cyclic 9 The natural capitalism framework adopts a cyclic biomimetic lifecycle model that 

enables the elimination of the concept of waste. Due to the shifts model of the 

framework it should be noted that until this cradle to cradle lifecycle is achieved heavy 

recycling is adopted.
Safe 5 No explicit principle on being safe exists in the natural capitalism frameworks, but it is 

mentioned that new innovative technologies should be safer. At the same time the 

biomimetic life cycle includes some safety considerations.
Rational use of 
energy and 
materials

9 By shifting to service design use of materials is minimized since the product is 

essentially dematerialized. At the same time the adoption of new, innovative 

technologies allows us to achieve the same goals using fewer resources, thus 

rationalizing production.
Socially Sound 2 The natural capitalism framework does not display any social considerations.
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3.3.5 Life Cycle Assessment

Score Rationale
Local 2 The life cycle assessment framework does not display any locality 

considerations. However in the impact assessment stage local solutions will 

distinguish themselves due to the fact that local solutions have less impact.
Holistic 6 The deegre of holisticallity (?) of the life cycle assessment is defined by the 

researcher when he defines the scope of the study. Depending on time and 

volume of information constaints a trully holistic study can be undertaken 

examining every aspect of the lifecycle. Due to lack of resources, however, 

the biggest impacts of said lifecycle are usually examined and analyzed thus 

undermining the  holisticallity(?) of the frameworks.
Cyclic 5 LCA is a cralde to grave framework as discused earlier this is a linear 

lifecycle and thus it scores low in this category. It should be noted however 

that LCA attemps to close the loop by advocating recycling, take back 

programmes and the use of recycled materials. 
Safe 9 In the impact assessment step of the life cycle analyzes the potential human 

and ecological effects of energy, water, and material usage and the 

environmental releases identified in the inventory analysis. This enables the 

designers to minimize the impacts of the process making it safer for the 

ecosystem.
Rational use of energy and 
materials

9 The inventory analysis step of the life cycle assessment aims to monitor 

energy, water and materials usage. This enables the designer to choose the 

best combination of these resources minimizing cost and use.
Socially Sound 2 The life cycle assessment framework does not display any social 

considerations.

178



3.3.6 Natural Step

Score Rationale
Local 2 Just like the cradle to cradle framework no explicit mention about locality 

is made, technological fixes will reduce and eventually eradicate the 

impacts of transport. 
Holistic 7 The natural step framework advocates system thinking and holistic 

thinking. However the fact that it is customized in order to fit to different 

organization can create confusion due to the fact that every organization 

can interpret the four system conditions differently.
Cyclic 9 The natural step framework is strictly cyclic since it is set on achieving 

equilibrium between resources taken from the earth’s crust and resources 

returned to it.
Safe 9 The aim to eliminate all toxic concentrations from the earth’s crust and 

atmosphere means that the natural step framework is set on creating safer 

human activities both for humans and all other organisms.
Rational use of energy and 
materials

9 By using an effective resource and energy acquisition process as 

restrictions the designer is bound to create more efficient products and 

minimize impacts.
Socially Sound 8 The natural step framework is based on social equity since it states that a 

“Fair distribution of resources globally.” Is needed to achieve 

sustainability. Also the last system condition completes the other three by 

stating that they need to be achieved for all humanity and not a fraction of 

it.
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3.3.7 Design Activism

Score Rationale
Local 9 The design activism framework expresses locality mainly by advocating the 

creation of local communities that will live sustainably. Also in order to 

design for under-consumers the designers needs  to understand the local 

culture in order to generate a design that will achieve its goals 
Holistic 3 Although the definition of sustainability is approached holistically the means 

to achieve it are not, many different and fragmented ways are proposed.
Cyclic 6 The design activism framework recognizes the problem of limits and states 

that waste should be eliminated but does not propose a way to do so 

(recycling, closed loop manufacturing, emotional commitment to the 

products etc) 
Safe 8 Designing products that will harm no humans is a high priority for a 

framework with strong social considerations. However this might be 

considered a speciesist (Ryder 1973) position since the rest of the ecosystem 

is not considered as important as humans.
Rational use of energy and 
materials

7 The design activism proposes improvements in ecoefficiency and ways of 

manufacture, however they are overshadowed by its social focus and the use 

of another framework is proposed in order to design these improvements.
Socially Sound 10 The strongest point of focus of the design activism framework is its 

commitment to improve living conditions of under-consumers and inform the 

public about sustainability. This framework believes that the transformation 

towards sustainability is a social one and attempts to do so. This is the reason 

that not much focus is given to the other dimensions of sustainability.
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3.4Defining Strategies

 Now that we have drawn a rich picture consisting of all the frameworks and their 

correlations, as well as a common basis on which our understanding is set it is time to understand 

the strategies associated with design for sustainability. The definition of strategy we use here is that 

at the beginning of the design process focus on a specific way of designing is chosen. The differnt 

strategic approaches are translations of the structural principles that we identified on a strategic 

level. More than one strategies can be adopted. These strategies will help when defining design 

guidelines by allowing us to filter information thus creating more order and a better structured 

design process. In order to identify these strategies the backcasting from principles process used in 

the natural step framework was used (Holmberg & Robert, 2000)[6]. At least one strategy for each 

of the principles we identified however some may have been omitted.

Local Localization | Open source DIY design | Design for all (Culturally)
Holistic Systems Thinking
Safe Material Substitution 
Cyclic Planned Obsolescence| Design for disassembly| Design for reuse| Take 

back programmes
Rational 
(Energy)

Reverse Vampire Power | Innovative ways of making

Rational 
(Materials)

Dematerialization  | Transmaterialization

Socially 
acceptable

Design for all (Socially) 

3.4.1 Dematerialization

The dematerialization strategy emerges from eco-efficiency. It is defined as: “The process of  

inventing new processes, arrangements, and implementations in order to reduce the material and 

energy use of manufacturing, use recycling and disposal of products". Some strategic choices 

associated with dematerialization have been identified by Shedoff 2009[7]

• Create smaller, lighter products where possible

• Create products that use energy and materials efficiently

• Minimize the number of components, materials and type of materials

• Minimize the number and type of fasteners 

• Use materials and processes that require minimal manufacturing energy and materials

• Use production methods that produce less waste and recycle waste created
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• Use low energy production methods and energy from renewable resources

• Manufacture  products  closer to customers

• Redesign manufacturing processes to raise quality standards and make quality control easier

• Develop products to be more useful and usable.

• Develop products that invoke emotional ties with the user

• Design lighter and smaller packaging

• Create packaging made from recycle materials  that are easily separated

• Create packaging that doubles as promotional material

• Design reusable packaging (either by the customer or by the manufacturer if returned)

• Design packaging that doubles as shipping packaging

• Create packages of bulk products or concentrated products

• Design packaging for refilling rather than replacement 

• Design package with label, graphics or instructions embedded on them so that no additional 

labels are needed

• Use efficient supply and response systems

• Plan distribution efficiently based on research of customer use and location

• Cooperate with different suppliers to optimize the supply chain

• Create product take back services

Another strategic choice in dematerialization has been identified by Stuart Walker, who identifies 

the purview of the designer the creation of non-functional and sometimes non essential parts as 

opposed to engineers or scientists. This dates back to the birth of modern industrial design in the 

1930s and is apparent in the revolutionary work of Raymond Loewy who radically changed outside 

appearances while letting the functional parts remain the same. According to Lowey design was a 

"face lift job" and its main objective was to create „a form which enclosed everything that could be 

enclosed“(Taylor 1991)[8]. This approach plagues industrial design even today, most products can 

be easily divided to their dominant components and the subordinate components. The first 

constitutes the functional and necessary components while the later is made up of all the 

components that enable the dominant components to be arranged and presented for use. Walker 

proposes the elimination of most subordinate components and the shift from products with a facade 

or an enclosure that provides no use other than aesthetic satisfaction towards an arrangement of the 

necessary subordinate components a chassis that glorifies the dominant components instead of 

hiding them. This approach provides a different level of comprehension of the product while 
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making repair and maintenance easier. 

3.4.2 Transmaterialization

Transmaterialization is a strategy that is concerned with the total eradication of the material 

aspect of a product and its transformation to a non tangible service. The definition and aim of 

service design was discussed in the previous chapter. There are two strategic choices that facilitate 

transmaterialization, turning to the design of services in order to eradicate the material aspect of an 

artifact, or creating a leasing relationship. The later can be considered a service too but ther 

difference is based on whether a tangible object exists or not.

The first way is to make the artifact a purely digital entity. This has been done time and time again 

with music (the transition from CDs to .mp3), books (from print books to .pdf or e-books), movies 

and more. One downside of this process is the need to create new dedicated, like the amazon kindle, 

an iPod, or multi-functional devices, such as smartphones and tablets, to make good use of these 

digital formats. However these devices have less impact in the long run than if these digital files 

were to be tangible objects. This approach greatly reduces impacts since no material resources are 

needed at the same time most datacentres are bent on achieving a neutral carbon footprint thus 

further reducing impacts. This process is referred to as informationalization.

An widely used example of such an approach is the iTunes store created by the Apple cooperation 

in 2003. The iTunes store is  a software-based online digital media store through which the client 

purchases and downloads music either in the form of tracks or albums. This essentially means that 

the tangible object that contains the music (compact disk, vinyl disk etc.) is eliminated thus 

reducing impacts and materials used. Other companies have followed this example like,netflix that 

through a monthly subscription allows the streaming of movies, amazon that sells digital ebooks as 

well as tangible old-fashioned books and various platforms selling software. Of course one needs to 

consider the social implications of this strategy and what is the effect of e-commerce to small shops 

and the people employed in them.  

The second way is to take ownership of the artifact from the user and create a leasing 

relationship. The upside of this is that it makes the recycling and take-back processes easier and 

greatly reduces the idle time of the product (time spent that the products is not used.) Examples of 

this approach has already been analyzed and includes the project “better place”, a project in which 

the consumer owns an electric car but the batteries in it are leased increasing in this way the range 

of electric vehicles. Another example is Interface’s carpeting system. The carpeting industry is one 

of the most heavy impact industries, mainly because carpets are monstrous hybrids, having already 
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revolutionized materials and processes used in manufacturing and creating a recyclable, durable and 

less toxic carpet, Interface pushed the envelope further by proposing a shift from selling carpets to 

selling the service of carpeting, This gave overall savings and higher quality carpeting to the 

costumers while Interface saved money by recycling damaged carpet. It is important to understand 

that even if a product is required (either as a touch point or as a leased product) service orientation 

benefits all stakeholders and the only thing that is keeping us from moving further towards a service 

based economy are cognitive blocks set upon  us by our material culture

3.4.3 Reverse vampire power

Vampire power is one of the biggest wastes as far as energy is consumed. It is defined as 

“Electricity consumed by power converters and appliances left plugged in outlets while not being 

used”. Most people don’t realize that 10 percent of electricity spent is consumed wastefully and that 

10 percent is the electricity produced by 18 power plants. Much of this energy is consumed by 

cosmetic parts of appliances. For example the typical microwave clock on a microwave oven 

consumes more power than the oven itself. Vampire power is not just wasteful but it very damaging 

to the environment, since the energy sector has huge impacts on the atmosphere.

The question is what a designer can do other than informing consumers about vampire 

power. The answer is simple, if we consider the fact that sustainability is local it is easy to 

understand the folly of our approach to renewable energy. Creating huge facilities in remote places 

we simply reduce impacts of the energy production process but engage in systematic destruction of 

virgin eco-systems and the waste of valuable resources in order to transfer the produced electricity 

where needed. The sound answer is to attempt to get as many devices as possible of the grid, hoping 

that eventually the grid will not be needed. Solar panels have reached an efficiency level that allows 

us to take all small scale electronic devices of the grid. Examples include the K700 keyboard 

created by Logitech, a solar powered wireless keyboard that does not need to be plugged anywhere, 

Solio also produces solar chargers for small electronic devices such as smartphones or mp3 players, 

either by using such chargers or by incorporating solar cells in small electronic devices we could 

take them of the grid and at the same time increase the use of solar income. Another example is to 

offer the use muscle power ,essentially another form of solar income, as energy for appliances 

“Tyranny of the plug” , a series of conceptual  kitchen appliances, designed by Dick van Hoof, that 

rely solely on the user for energy as they are hand operated. However with the rational use of 

mechanisms the energy required from the user is not tiring while ate the same time it is less than if 

we used a ordinary blender.
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The final step would be to create reverse vampires. Appliances fitted with appropriate ways 

to harness renewable energy and return the excess to the grid to be used by less efficient devices. Of 

course this long term goal  should not act as a reason not to increase efficiency of contemporary 

electronics. For example the new standards created by the state of California are a step towards the 

right direction since the energy wasted by vampire electronics has been reduced sevenfold 

compared to  the old standards. Responsible designers must always be ahead of policy makers and 

target inefficiencies immediately and voluntarily and not simply because they were forced to by the 

state. 

3.4.4 Innovative ways of making

Another strategy to increase the rationality through which we use energy is by changing our 

ways of manufacture. The biomimicry framework underlines an important difference between the 

process of creating high quality materials by nature and by humans. It underlines the difference, and 

energy requirement, between the human method that includes high temperatures and pressures, high 

stress beating and the use of extremely toxic chemicals, and the natural process that takes place in 

room temperatures and pressures, mostly in water and is self organized. Evidently the second 

process requires significantly less energy since a scaffold is created in which materials fall into the 

right position.

Even if human manufacturing takes time to transform itself to a biomimetic model nature 

should always be the metric against all efficiency is measured. Also designers must learn to choose 

materials and processes that are less energy intensive. Even if all energy used in the manufacturing 

process comes from renewable sources there are impacts. High energy manufacturing processes 

release heat and chemicals that upset their surrounding eco-systems. In this spirit when designing 

for sustainability the least energy intensive materials and processes that at the same time fall into 

the other principles (for example they are recyclable and safe) should be chosen.

3.4.5 Material substitution

Designers are responsible for much of today’s unsustainable practices. Choosing the right 

materials is a very important way to make design safer. Most unsafe and unsustainable materials 

could be substituted with safer materials. These materials usually are also more energy efficient 

than their more unsafe counterparts. It is important to note that safe substitutes do not exist for 

every material, for example electronic components considered there are no viable substitutes 
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developed yet. Some basic principles for material substitution include:  

 Substitute virgin materials with recycled or recyclable materials

 Specify materials that are inexpensive to reuse, recycle or dispose of and that the systems to 

do so are already in place

 Use degradable and biodegradable materials where possible, while being sure about the time 

that is needed for them to degrade

 Use materials from local sustainable sources

 Substitute energy used with energy from renewable sources

 Minimize the use of water

 Use new innovative materials and manufacturing processes with less impacts

 Avoid using monstrous hybrids

Using recycled materials rather than virgin not only has less impacts but it is more economic as 

well. This is evident in the following table that includes cost per ton of some widely used materials.

Material Cost per ton
Bleached kraft Cardboard $ 443
Unbleached coated folding paperboard $ 382
Lineboard $ 394
Corrugated Cardboard $ 204
Unbleached kraft paper $ 390
Folding boxboard from waste paper $ 247
Lineboard from waste paper $ 256
Corrugated medium from paper waste $ 303 
Virgin Glass $ 157
Recycled Glass $ 127
Virgin Aluminum $1963
Recycled Aluminum $ 342
Virgin Steel $ 366
Recycled Steel $ 358
Source:( Ackerman 1992)[9]

Detoxification is a strategy complementary to material substitution. This strategic decision 

concerns itself with removing or substituting any toxic material from the manufacture process or the 

product itself. Before discussing how this is accomplished we must first understand what a toxin is. 

Materials that have different toxic effects can have a toxic effect of the eco-system. Almost any 

material in sufficient quantity can be dangerous to any system and some of these are natural like 

arsenic or snake poison. Most common toxic materials included in manufacture and use include 

heavy metals, formaldehyde, chlorinated cleaners and solvents, acids. The main principles of 

detoxification can be summed up as follows:

 Avoid materials that have an adverse effect on human and environmental health by 
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substituting them with healthy alternatives when possible.

 If not such a substitute exists the least toxic material should be used and the amount should 

be  minimized to the least possible

 Investigate new manufacturing processes that require fewer toxic materials

 Investigate processes that remediate toxicity of materials and waste. Trees are very good at 

detoxifying the soil.

 Test products emissions and waste regularly in the manufacture process

 Avoid PVC

In general the goal is to substitute toxic materials with safe non-toxic ones. Some materials 

while non toxic themselves may cause the emission of toxins during mining, making or processing, 

this is another issue that a designer must take into account. Sometimes the problem is the lack of 

information, when CFs or DTTs where used it was because no one was aware of their impacts. 

Another interesting example of this is PVC, which was widely used although it is toxic both during 

use and manufacture. Only recently did a regulatory action was taken both in the EU and the USA. 

The problem is that it is often difficult to substitute materials either because they have great 

properties or because it is too costly for example to economically viable substitute to soft PVC 

exists.

A very sucessful application of this strategy can be viewed in the evolution of the Aeron-

Mirra-Celle chair manufactured by Herman Miller. Aeron, a prolific chair of the web bloom era 

made popular for its ergonomic design was followed up by the Mirra chair. The goal of this re-

design was to create a product with the same adjustability and comfort while at the same time 

reducing manufacturing costs and environmental impacts. Mirra was indeed cheaper to build, it 

used 42% recycled materials and was 96% recyclable, at the same time no toxic materials or 

monstrous hybrids were used thus getting a Gold level Cradle to Cradle certification. The Celle 

chair was a further improvement being made up by  99% recyclable materials and made easier to 

disassemble and identify which parts belong to the technical metabolism and which part belong 

biological metabolism.

3.4.6 Localization

As discussed earlier moving resources around the globe creates huge impacts on the 

environment while at the same time homogenizing different cultures causing the formation of a 

bland global non-culture.  The impacts of transportation can be summarized in the following table 
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that presents the carbon footprint of each mean of transportation of goods or people. By minimizing 

the distance that goods travel or the volume of transported goods impacts can be minimized as well.

Transport Process Unit Lbs. CO2 Equivalent
Train, long distance Per person mile 0,013
Oceanic freight ship Per tonne mile 0,015
Train, freight Per tonne mile 0,02
Train, regional Per person mile 0,024
Freighter inland Per tonne mile 0,09
Automobile, 50mpg Per tonne mile 0,094
Truck 40t Per tonne mile 0,11
Truck 28t Per tonne mile 0,12
Truck 16t Per tonne mile 0,16
Container ship Per tonne mile 0,17
Van 3.5t Per tonne mile 0,19
Automobile 20mpg Per tonne mile 0,24
Air, passenger, intercontinental Per person mile 0,41
Tanker ship Per tonne mile 0,61
Air, passenger, regional Per person mile 0,78
Tram Per tonne mile 0,92
Helicopter Per minute 1,6
Air, freight, intercontinental Per tonne mile 1,6
Air, freight regional Per tonne mile 2,8
Source:  (White, 2007)[10]

A strong point of criticism on localization was made by the Caroline Saunders whose study 

of the impacts of growing lamb concluded that “Lamb grown in New Zealand and shipped to 

England has a lower environmental impact than lamb raised and butchered in England” (Saunders 

2006)[11] The New Zealand land had a CO2 footprint of 688 kg CO2/Tonne while the English lamb 

a carbon footprint of 2,849 kg CO2/Tonne. The reason behind these results is that England is so 

devoid of natural grazing land, a perquisite for raising lamb naturally, that English farms where 

forced to use considerable amounts of fertilizers water and such. The bottom line of this is that 

locality is not one dimensional but has more metrics to it than simply how far away has the product 

traveled. The suitability of a process to it's surroundings must be taken into account.

The third dimension of locality is strongly coupled with the social aspect of sustainability. 

When considering locality as a strategy we must also take into account the local culture, both on 
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manufacturing and on the finished product. For example it would be unwise ,to say the least, to 

build a cattle ranch in India. But local culture does not act solely as a restriction, it can offer us a 

bedrock of understanding and by accessing it we can truly communicate with users in their native 

tongue. For example having knowledge of the specifics of a culture can help us create affordances 

that can be seamlessly understood by the user.

3.4.7 Open source Design

The shift in intellectual property created from the development of the world wide web 

affects design as well. The GNU license and the creative commons system create a platform for 

sharing through the Internet. At the same time new desktop prototypication hardware such as the 

RepRap or its proprietary commercial counterparts as well as the rise of a DIY (do it yourself) 

culture for example through the Make or the Ready Made magazines, causes a shift both in design 

and users alike. This approach creates multiple social benefits because, it helps decrease the 

transportation of ready made goods around the globe, it enables participatory design due to the open 

source nature of the designs, it creates more lasting relations between the creator-client and the 

artifact due to the fact that it was made with "the sweat of his brow" and thus being emotionally 

invested in it.

At Salone del Mobile in Milan in 2011, Droog  presented furniture and accessories designed 

for download, including CNC cut tables, cupboards, desks, side tables, shelves, couches and 3D 

printed electrical outlets, flowers and charms. Droog also presented digital design tools that allow 

ordinary computer users to easily make functional design decisions, automatically generating 

blueprints for local execution in various materials.[12] The tools also enable communication 

between designer and customer, streamlining and lowering the cost of a custom design process. 

Droog also presented the outcome of its Design for download investigation, announcing the 

creation of the first platform for down-loadable design, which will feature curated and open content, 

easy-to-use parametric design tools and a network of local low- and high-tech manufacturers. The 

platform will not only include products, but also architecture, home accessories, fashion, food, 

wearables, inventions and more.

It becomes evident how much this open source approach to design can cause a shift to the 

social norm associated with design and manufacture. Most open source design projects have been 

targeted to helping under-consumers like the project "Architecture for Humanity" that started in 

1999 and aimed to help fulfill the housing needs of refugees around the world. This foundation 

created the Open Architecture Network, a platform based on creative commons allows designers 
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and architects to create and upload a blueprint for relief housing. The same attempt can be 

undertaken for designing and sharing for a different target group and not necessarily under the 

scope of charity, for those in dire need of charity. 

3.4.8 Design for All

Through the definition adopted for sustainability equity between all humans is an important 

aspect. In this fashion inclusive design must be undertaken. This design process needs to be 

inclusive for all (elderly, disabled) and at the same time being inclusive of different cultures. Design 

for All is defined as an ethically conscious approach to design, a carrier of the basic human 

principle of equality and respect of individuals’ qualities. It does not advocate a one size fits all 

approach but instead proposes maximizing the number of different need that can be met with an 

emphasis on the needs of people with physical, sensory and/or cognitive disabilities. Choosing to 

engage in design for all  needs a designer that understands and respect the diversity that surrounds 

them. 

• Diversity in users: range of human abilities, skills, emotions, desires, needs and wants

• Diversity in contexts of use: business, pleasure, educational, social 

• Diversity of modes of use, and their combinations: driving and talking, listening and doing, 

seeing and hearing

• Diversity in technological infrastructure support

• Diversity in local culture and ethics

The demographic shift that took place after the second world war is a driving force behind 

the need for design for all. The world is getting older, the average human lifespan has almost 

doubled since the beginning of the twentieth century and diseases or disabilities that did not exist 

have emerged. This trend seems to continue and according to (Gill & Shipley 1999)[13] by the year 

2030 the average lifespan in Europe will reach 140 years of age. 

However design for all does not end with making products that can be used by the elderly or 

people with special needs. The other dimension of design for all is in a cultural design for all. 

Applying the same principle that is used for creating inclusive artifacts can and should be used for 

designing culturally inclusive artifacts. Contrary to the one size fits all approach every different 

culture should be taken into account when researching and designing. For example when designing 

affordances of a product the cultural context is necessary. The designer cannot demand that the user 

changes his cognitive models in order to accommodate the product, it needs to work the other way 
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around.

3.4.9 Systems Thinking

Using systems thinking in order to more effectively model the problematic situation can be a 

fruitful endeavor when designing for sustainability. Systems thinking offer the tools and 

assumptions needed in order to tackle issues associated with sustainability. However systems 

thinking on its own is not enough both systemic and systematic methods must be used having one 

complement the other, in this fashion we can gain a better understanding of the problem while at the 

same time being able to measure the results of our transformation process. Firstly systems thinking 

has the same understanding of limits that we need for design for sustainability. Contrary to past 

beliefs limits are imposed by  the environment and we need to work within said limits or we will 

find ourselves surrounded by waste that we thought we could sweep under the rug or just transport 

away so that it would not be dangerous. 

The second necessary characteristic for design for sustainability that systems thinking 

displays is that it was created to help with solving ill-defined problems. We saw in the first chapter 

how difficult it is to define what is sustainability and how we turned to the wicked problems 

methodology simply to define it. Using systems thinking we can gain holistic understanding of the 

problem situation. In complex problems such as those associated with sustainability gaining access 

to a rich understanding of the problem can lead us towards making the decisions necessary in order 

to move forward towards a new, more desirable, problem situation. 

The third tool that systems theory has to offer to design for sustainability is that of systems 

archetypes. "A systems Archetype is a structure which exhibits a distinct behaviour over time and 

has a very recurring nature across multiple disciplines of science"(Braun 2002)[14]. Three main 

components used to model a systems Archetype are the Balancing Loop and Reinforcing Loop 

which are combined in numerous ways defining the Systems Archetypes. Systems archetypes can 

help us both in modelling the systems and in identifying points in the systems quickly. Many useful 

systems archetypes associated with design for sustainability have been modelled by Ehrenfeld and 

Meadows. [15][16]

3.4.10 Take back programmes

The ideal sustainability strategy is to close input (resources) and output (wastes) streams so 

that nothing is wasted and everything is recycled. This strategy also means that nothing harmful will 
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exit to the environment via air, water, land, and so on. To accomplish this goal, coordination 

between multiple players (suppliers, manufacturers, sources, and sometimes retail locations and 

even customers) is usually required. However, developers and organizations can plan policy, such as 

take-back programs, and redesign processes and specifications for manufacturing and service in 

order to come near to this ideal. 

One common approach for creating a more closed-loop system is to implement a product 

take-back program. Product take-back programs ensure that customers can take products and 

packaging back to the stores where they were purchased and that manufacturers will take these 

products back from retailers in order to recycle and reclaim whatever material they can. While this 

sounds easy, it requires a lot of coordination. Some materials, like packaging, can go straight into 

recycling programs, where and when they exist. But most products are complex enough that they 

require disassembly, and in some cases, special handling in order to retrieve as much useful material 

as possible. In addition, many components can be reused (such as ink cartridges and disposable 

cameras), but usually only by the original manufacturer. These products often need to find their way 

all the way back to where they were created originally or at least to an authorized repair, service, or 

recycling centre. 

Take-back programs ultimately pressure manufacturers to rethink their end-of-life strategies 

and the outcome of their products. For example, when Germany began requiring retailers and 

manufacturers to take back all packaging and correspondingly started taxing garbage more steeply, 

customers became adept at stripping the packaging and extraneous materials, right there in the store, 

and carrying only the product and necessary accessories and instructions home with them in their 

own reusable bags. This action saved them money since it cut down on their trash at home, and the 

upstream pressure on disposing of this trash influenced retailers and ultimately manufacturers to 

redesign their packaging to minimize material use. The system wasn’t without its unintended 

consequences (in some forests, trash was dumped in the middle of the night), but overall the effect 

on packaging was extremely beneficial (and remains so to this day). In fact, the packaging redesign 

(and material savings) that was necessary under these conditions was duplicated in places even 

without the same taxes and laws. 

Product take-back systems require integrated collection points, training for disassembling 

and identifying parts and materials, mechanisms for up- or down-cycling materials, reuse of 

components, separation of technical and  biological nutrients, and safe disposal of anything left 

over. In many countries, take-back programs are mandatory for certain products. These nations are 

driving the innovation for making this process efficient and effective—and all of us, ultimately, will 

benefit.
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3.4.11 Planned obsolescence

Anything that developers can do to extend the life of a product or service reduces its 

resource and environmental impact simply because it doesn’t require a replacement as soon. Quality 

is one way to accomplish this. (However, this can be problematic for products that respond mostly 

to short-term trends or where customers are unconvinced that the extra expense is worth the higher 

price). Another approach is to make the product easily repairable so that most of the parts (and those 

with the highest impact) can continue to be used. This is difficult for products whose technology is 

evolving rapidly, but often even these products can be designed with modular assembles that allow 

some parts to be upgraded while others (such as cases) continue to be used. Anything that 

developers can do to extend the life of a product or service reduces its resource and environmental 

impact simply because it doesn’t require a replacement as soon.

The term planned obsolescence is the second most dangerous concept ever invented by 

marketers. (The first being retail therapy). The meaning behind this concept is engaged in the 

practice of artificially shortening product lifecycle in order to influence the buying patterns of 

consumers in favour of manufacturers. It encourages us to give up or throw away perfectly good 

things in favour of others simply because we’re led to believe that they’re no longer useful or 

fashionable.

The phrase was coined in the late 1920s, but it was popularized by an industrial designer, 

Brooks Stevens, in the 1950s (Packard, 1960)[17] and found particular popularity in the automotive 

industry in convincing Americans to purchase new cars more often. It became a major driving force 

for American cars and car buyers, who became so fixated on trends and styling in cars that they 

upgraded frequently. Instead of inventing new features that would improve people’s lives, car 

designers were told to focus on dramatic, often outlandish, and sometimes even dangerous styling 

elements. Victor Papanek in "design for the real world" recognizes this styling approach as the main 

reason behind the downfall of the American automotive industry in the 1970s. This fashion based 

approach to design has its pros and cons. On the plus side fashion fosters creativity and innovation 

embedding an energetic joie de vivre in design, However when fashion becomes reason d'etre of 

both buyers and manufacturers in causes a decay of our society's values when not practised with 

restraint. The problem here was that car companies made unsuspecting people think they were all 

but unamerican if they drove a car that was more than four or five years old. Styling during this 

time was more about ornamentation than fashion or design. It fed on insecurities—and even created 

them - rather than satisfying people emotionally or meaningfully.
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Obsolescence takes different forms: technological, aesthetic, functional, and cultural. Any 

of these may be planned, but several of them (particularly technological and aesthetic) are often 

natural evolutions that organizations can’t ignore. Technological development is often necessary to 

improve products, whether in production, use, disposal, and so on. 

Sometimes of the feeling of obsolescence is only based on recently introduced versions with new 

features or performance. These products still work exactly the same as they did when we first 

bought them and almost always still satisfy our functional needs. If the new features were truly 

needed, then we might actually be experiencing functional obsolescence, however this usually not 

the case, it is our addiction of consumption that makes us think we need a fix through a new slightly 

improved product. The rate of obsolescence of a product can be seen as correlated to the rate of the 

developing of the technologies used by this product. Digital artefacts display an exponential rate of 

improvement, known as Moore's law (Moore 1965)[18], causing efficiency to double every 18 

months. This creates heaps of useless computers that are very difficult to recycle due to the 

difficulty of disassembling them to their materials. At the same time the creation of newer adaptors 

or connectors and the development of non-backwards compatible programs shortens the lifecycle of 

a machine whose functional obsolescence is much longer than its technological obsolescence. 

We can criticize companies for intentionally contributing to cultural obsolescence and us for 

being in a having state of mind for falling victims to it, but we can’t blame them for the rate of 

technological obsolescence, since this is an important part of innovation and continuous 

improvement. However we need to be critical or new advancements and consider whether a small 

improvement is worth changing a series of artifacts with newer ones.

One way that planned obsolescence can be used hand in hand with sustainability is through 

the creation of ephemeral products. Most contemporary products suffer from an internal 

contradiction since a discontinuity exists between the period of anticipated usefulness and the 

period of actual material existence. For example most handheld electronics can exist for centuries 

while their useful life spans for some years or even months. Walker (Walker, 2006) proposes the 

creation of temporary object as a malaise this problem situation. A very important cultural block 

existing both in consumers and designers is that in order to consider a product worthwhile an 

assumption that it will be long lasting and significant is made. The designer is led to believe that his 

product will be a permanent addition to the material world thus increasing it's unsustainability and 

that any other product is not worth his while. Ephemeral products are not considered worthy of the 

attentions of a professional designer. However these objects are a temporary convergence of 

requisite elements that allows the emergent of needed functions while at the same time 

incorporating their "mortality" these characteristics end up making them sustainable in contrast with 
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their immortal counterparts.

3.4.12 Design for Reuse

There are two types of reuse: deliberate reuse and unindented reused also referred to as non-

intentional design. Unindented or non-intentional reuse cant really be anticipated by designers and 

cant be easily anticipated. Deliberate reuse is concerned with reuse that is expected and intended. 

Most disposable products could be made sustainable if a solution that was based on re usability was 

adopted. For example medical equipment such as syringes or needles, handkerchiefs etc used to be 

reusable by washing or sterilizing. Nowadays they have been replaced by disposable products that 

are themselves waste and at the same time produce waste through their packaging. Some products 

cannot be reusable due to their nature, for example medical equipment such as IV bags or bandages 

need to be disposable for reasons of hygiene, since it would take more resources to sterilize them. 

Of course since disposable products are made their lifecycle should asses this, these products do not 

need to last longer than their are meant to. 

Another example is the creation of packaging that can be reused after the contents have been 

used. For example glass jars from different companies are used as glasses once the condiments 

inside have been consumed. This trend however is not followed as much as possible. There is no 

reason why packaging for mass consumables such as food, soap and cleaners need to create so 

much waste. Package design, in order to be sustainable,  needs to consider the use of components as 

well as recycling. For example eradicating unneeded packaging and going back to the sale of bulk 

for goods that don't require special care. One can argue that giving up flashy packaging denotes of a 

strategic advantage, but one should note that choice of a product simply due to its visual identity 

can be easily deemed as having, a state of mind that we identified as one of the reasons that create 

unsustainability. 

3.4.13 Design for Disassembly

Design for disassembly is strategic design decision that deals with the design of products 

while taking the disassembly process into account. The main reason to engage to such an approach 

towards design is in order to avoid creating monstrous hybrids and at the same time making the 

recycling process easier. The harder a product can be disassembled to recyclable components the 

higher the possibility of it ending up in a landfill. The best scenario for this strategic approach 

would be to let the user which parts are biodegradable and which are recyclable and instruct him on 
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how to, easily, disassemble the  product and use the biodegradable part him self (by composting 

them for example. At the same time a service that takes back and recycles the recyclable parts has to 

be created.

Designing for disassembly can also aid us better understand and design for assembly. 

Improvements made are often the same and when the user has assembled the product himself he 

will be able to disassemble it as well. At the same time sending goods in a way that need assembly 

helps decrease the CO2 impacts due to transportation. A percentage of "air" is almost always 

transported wit goods. By effectively using as much available space as possible impacts lessen 

At the same time when a product is designed with the simplicity that design for disassembly 

requires it is almost automatically easier to repair. Repair is nowadays frowned upon mainly due to 

the fact that most times it is less costly to buy a new product instead of trying to repair it. The two 

reasons for this are that the repair process is too hard and requires special tools or knowledge, or the 

spare parts cost more than a new product would cost. Design guidelines associated with this strategy 

include:

• Use of Pure-Material parts

• Minimize amount of parts used

• Use of standardized fasteners

• Minimize the use of fasteners when possible

• Label recyclable and biodegradable parts

• Use standardized components

• Make places important to disassembly accessible

• Indicate assembly/disassembly sequence

• Indicate separation points

• Minimize the use of paint

3.5 Conclusions and further research

Sustainability is an emerging field of research that is very important because if it is not 

incorporated in society soon we will be forced to deal with the dire consequences of our actions. 

Today it seems to have become a buzzword and only time will tell if it is a fad or a science on it's 

own accord. In our opinion the emergence of sustainability is a rational action of society as an 

autopeietic organization that has come to an understanding\ that if we continue on this path we have 

at most two or three centuries of survival. This emmergence didn't occur earlier in human history 
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for a variety of reasons such as: inetria, not having understood the problem of limits (prior to the 

1960s), and the growth in the scale of human development triggered by the industrial revolution..

Sustainability when associated with design can weild optimal results sicne many 

environmetal impacts stem from bad design. Design, being second in impacts following the energy 

sector needs to become sustainable. Howelver, like any emerging science, there are many different 

and sometimes conflicing approcahes, especially a science that is associated with such an abstract 

notion. It is hopeful that we have overcome the ridicule stage (According to John Stuart Mill 

“Every great movement must experience three stages: ridicule, discussion, adoption"(McLennan, 

2004)[19] and we are discussing and forming sustainability hoping that it will be widely adopted 

and will eventually transform society. In this fashion people from all disciples and backrounds need 

to debate and form sustainability. This dissertation was created in this spirit, hoping to translate to 

design new interesting knowledge from other sciences in order to trigger discussion by designers 

who will adopt and transform these frameworks embeding them in the design process.

We saw the difference between a radical shift and a technological fix approaches, the eco 

efficient and eco-effective antithesis and so on.It is our belief that, due to the absence of a objective 

truth, all of these approaches are right in the right cicumstances. In this fashion one who wants to 

design for sustainability must first synthesize a personal definition of sustainabiliity and use the 

tools that better suit his/her approach. One shouldnt simply follow the steps of a framework 

algorithmically in order "to add a pinch of sustainability" to a design process, one must first define 

sustainability and then design for sustainability.

As far as further research there are many directions that need to be examined. Firstly, as we 

said in the inroduction, we need to use all the frameworks in the same design brief and conduct an 

heuristic evaluation. This will aproch the evaluation process from a different angle and will 

compliment the theoretical  process suggested in the third chapte. This however is massive project 

to be undertaken since it suggests running seven (or more if we choose to use a combination of 

frameworks) design projects and at the same time evaluating them continuously. An other 

interesting direction is finding out how design for sustainability can be incorperated in the first 

stages of the design process especially in the conceptual stage. Finally a promising field of study is 

how should design for sustainability be taught in schools.
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