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Appendix A

PSS Screening tools developed in SusProNet

Tukker and Tischer, 2006, cited in (Tischner, 2008).



Sowrce; Tukker and Tischner 2006

Aspect | score®

a) Economic or profit aspects

How profitable or valuable is the solution for the providers (these can be a consorbum of
companies), including cost of preduction, cost of capital and market value of the solution for
the pravider(s)? Is it cheaper to produce than the competing product?

How profitable or valuable is the solution far customers or consumers? Are there concrete,
tangible savings in time, material use, etc. for the customer? Does it provide ‘priceless’,
intangible added value such as esteem, experiences, etc., for which the customer is willing to
pay hghly (in comparison to a traditional product system)?

How difficult to implement and risky is the solution for the providers? Can a promised result be
measured and delivered with a high probability, or has the client a high and uncontrollable
influence on the costs? When is the return on investment expected?

How much does the solution contribute to the ability to sustain value creation in the future?
Does it give the consortium that puts the PSS an the market now and in the future a crucial
and dominant position in the value chain?

TOTAL

b) Environmental or planetary aspects

How good is the solution in terms of material efficiency (including inputs and outputs or
waste)?

How good is the solution in terms of energy efficiency (energy input and recovery of energy
without transportation)?

How good is the solution in terms of toxicity (including input-output of hazardous substances
and emissions without transport)?

How good is the solution in terms of transport efficiency (transportation of goods and people,
including transport distances, transportation means, volume and packaging)?

TOTAL

c) Social and people aspects

Does the P55 contribute to quality of wark in the production chain (environment, health,
safety; enriching the life of workers by providing learning opportunities, etc.)?

Does the PS5 contribute to the ‘enrichment’ of life of users (by providing learning
oppoertunities, enabling and promoting action rather than passiveness, etc.)?

Does the PSS contribute to intragenerational and intergenerational justice (equal wealth
and power distribution between societal groups, North=5outh, and not postponin g problems
to the next generation, etc.)?

How much does the solution contribute to the respect of cultural values and cultural diversity
(e.g. customised solutions, contributing to the social well-being of communities, regions, etc.
[cultural values])?

TOTAL

Results: main aspect”

a) Economic/ profit

b) Environmental/planet

c) Social/people

a4 1="hetter’, 0="aqual’, -1 = worsa’
b Scoreis between +4 and -4



Appendix B

Tools and Approaches for Eco-efficiency

Life Cycle Thinking Series, Unitec — Hothouse, Auckland, New Zealand:

Workshop 2 - Life Cycle Management: from product to business, 3™ July 2008;

Corresponding New Zealand magazine article (McLaren & Allan, 2008)

Workshop 3 - Life Cycle Tools & Approaches, 7" August 2008.

Corresponding New Zealand magazine article (Allan, 2008)
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Appendix C

Tools and Approaches for Eco-effectiveness

Cradle-to-Cradle (C2C) Principles in detail,

(Anastas & Zimmermann, 2003).



Cradle-to-Cradle Principles in detail

(Anastas & Zimmermann, 2003)
Principle 1: Inherent rather than circumstantial

“Designers should evaluate the inherent nature of the selected material and energy
inputs to ensure that they are as benign as possible as a first step toward a
sustainable product, process, or system” (Anastas & Zimmermann, 2003, p. 96A).
Here, it is important to consider the whole life cycle of a product, process or system,
including the extraction of raw materials. Otherwise one optimal part of the process
might be totally negated by another. In this step, an overall optimal choice of
materials, extraction and manufacturing processes provide positive development
that can be further optimized.

Principle 2: Prevention instead of treatment

Waste is described as a human concept that doesn’t exist in nature, which has
closed-loop systems of birth, decay and rebirth. Design of material use and how one
product or process can input into another means that there will be no waste as such.
It is therefore through design intent that waste can be prevented from ever coming
into existence, a preferred state to the clean-up treatment of waste afterwards.

Principle 3: Design for separation

Design for disassembly needs to be considered right at the beginning of the design
process, so that valuable materials can be recovered for remanufacture. This will
affect design decisions of how product components and materials are fastened
together, and the materials used. Ideally this will be through self-separation “using
intrinsic physical/chemical properties, such as solubility and volatility rather than
induced conditions, decrease waste and reduce processing times” (Anastas &
Zimmermann, 2003, p. 97A).

Principle 4: Maximize mass, energy, space, and time efficiency

Space and time are to be included in making manufacturing and processing systems
not just efficient, but also intense. Eco-efficient strategies should be used across the
complete lifecycle and at molecular, product and process levels.

Principle 5: Output-pulled versus input-pushed

Quoting Le Chatelier’s principle that when stress (temperature, pressure or
concentration gradient) “is applied to a system at equilibrium, the system readjusts
to relieve or offset the applied stress” (Anastas & Zimmermann, 2003, p. 98A). This
means that further inputs are necessary to achieve balance, increasing energy and
material expenditure. Yet balance can be achieved in reverse by
minimizing/removing outputs, and the process is ‘pulled’ rather than ‘pushed’.



Examples are given such as ‘just-in-time’ manufacturing to deliver only the required
amounts of products and materials to satisfy demand, instead of overproduction,
and that the end-user can also be the final purchaser. This can eliminate waste,
waiting and processing times, stocktaking and the input of resources.

Principle 6: Conserve complexity

When products are complex, it makes sense to reuse them to uphold their high
representative value of design, labour and materials. This value would otherwise be
lost as they become ‘down-cycled’ rather than recycled. Recycling of materials only,
can on the other hand, be upheld for relatively simple products, as the materials
themselves comprise the greatest value.

Principle 7: Durability rather than immortality

A ‘targeted lifetime’ of a product is desirable within the design criteria, as
immortality of a product is unnecessary and can cause future problems of waste
disposal and bioaccumulation. As product aesthetics are influenced by changing
consumer attitudes, behaviour, lifestyles and fashion, it makes no sense for a
product to last for eternity. But it should still be fit for purpose through durability
for the length of the targeted lifetime, and require minimal extra input of resources
and energy throughout its complete lifecycle.

Principle 8: Meet need, minimize excess

The overdesign of a product with unnecessary design features or capabilities, and
designing always for a worst-case scenario of use, results in an unnecessary
expenditure of materials and energy. Therefore product use and actual consumer
needs should be carefully considered, and flexibility should be integrated into a
design to meet local conditions.

Principle 9: Minimize material diversity

Disassembly and recycling will be aided by reducing the number of different
components and materials in a product. Different materials can comprise many
combinations of chemicals (e.g. additives, plasticizers, dyes in plastics) which all
require processes for their extraction at end of life. This can be affected positively
through “up-front designs that minimize the material diversity yet accomplish the
needed functions” (Anastas & Zimmermann, 2003, p. 99A), and achieved at
different levels:

Process level: creating polymer properties to have desired functions, making certain
additives superfluous in the manufacturing process

Product level: Reducing the number of plastics used, e.g. automobiles, as polymers
can be constructed with useful characteristics that can aid disassembly and
recycling

Molecular level: “self-assembly processes that replace multistep reactions”



Principle 10: Integrate local material and energy flows

Overall amounts of materials and energy can be reduced when use is made of local
supplies and existing facilities and frameworks.

Principle 11: Design for commercial “afterlife”

Designs that are modular can facilitate an end-of-life strategy, as certain
components can be reused, whilst others, such as aesthetic casings of mobile
phones, can be recycled. It is important to embed these issues and to integrate an
end-of-life into design decisions, so that “the value added to molecules, processes,
products, and systems could be recovered and reused at their highest value level as
functional components”(Anastas & Zimmermann, 2003, p. 100A).

Principle 12: Renewable rather than depleting

Applicable to all materials and sources of energy, renewable is the preferred option.
Allinputs and outputs have to be weighed up as to their environmental effects. The
authors further define: "Renewable resources, however, can be used in cycles in
which the damaging processes are not necessary or at least not required as often.
Biological materials are often cited as renewables. However, if a waste product from
a process can be recovered and used as an alternative feedstock or recyclable input
that retains its value, this would certainly be considered renewable from a
sustainability standpoint” (Anastas & Zimmermann, 2003, p. 100A).



Appendix D

Backcasting

(http://www.naturalstep.org/en/backcasting) accessed 06.02.11.



Backcasting

The concept of “backcasting” is central to a strategic approach for sustainable development. Itis a
way of planning in which a successful outcome is imagined in the future, followed by the question:
“what do we need to do today to reach that successful outcome?” This is more effective than relying
too much on forecasting, which tends to have the effect of presenting a more limited range of
options, hence stifling creativity, and more important, it projects the problems of today into the
future.

Vision of
what I want

== Future

Present 1. Begin with the end in mind

3. Move step by step towards the vision

In the context of sustainability, we can imagine an infinite number of scenarios for a sustainable
society — and ‘backcasting from scenarios’ can be thought of as a jigsaw puzzle, in which we have a
shared picture of where we want to go, and we put the pieces together to get there. However,
getting large groups of people to agree on a desired future scenario is often all but impossible.
Further, scenarios that are too specific may limit innovation, and distract our minds from the
innovative, creative solutions necessary for sustainable development.

So strategic sustainable development relies on ‘backcasting from sustainability principles’ — which
are based in science, and represent something we can all agree on: if these principles are violated,
our global society is un-sustainable. To achieve a sustainable society, we know we have to not violate
those principles — we don’t know exactly what that society will look like, but we can define success on
a principle level. In that way, backcasting from principles is more like chess — we don’t know exactly
what success will look like, but we know the principles of checkmate — and we go about playing the
game in a strategic ways, always keeping that vision of future success in mind.

Natural systems are complex and non-linear, and while we understand more and more about how
they behave on the principle level, we still cannot predict the weather. Social systems are far more
complex. Still, we try to force these systems into models so we can ‘understand’ them and ‘predict’
how they will behave. To do this, we are forced to make assumptions that often make the models
reductionist, simplistic, and absurd. For example, in economic systems the assumptions that all
people are ‘rational actors’ and that there is ‘perfect information’. In large part, this is due to a
tradition of compartmentalized disciplines in academia, where the social scientists have pushed a
quantitative, value-neutral approach to studying these systems in the misguided pursuit of
establishing concrete laws similar to the laws of nature.

Even if we could predict the future, why would we want to? We have the power to create a better
future. The complexity of social systems within the biosphere demands a whole-system perspective
and employing backcasting from sustainability principles. In this way, we can acknowledge the value-
laden reality of social systems. We can all take a transdisciplinary approach to learning to better
understand the basic constraints we must operate in. And together, we can implement the dramatic
change in societal design necessary to create a sustainable society.


http://www.naturalstep.org/en/the-system-conditions

Appendix E

Draft Survey Questionnaire for NZ Final Year ID and Engineering Students

(Haemmerle, 2011)



6th Draft Survey — Sustainable Product Design (SPD), as
understood and perceived by Final Year Industrial Designers /

Mechanical and Mechatronics Engineers

We are asking for your help in learning more about the level of your
awareness/understanding/knowledge of Sustainable Development and Sustainable Product
Design (SPD) in New Zealand. This is important as you will be contributing as future
professionals in addressing these issues. The results of this survey will help us to improve the
existing courses and develop new teaching programmes related to these areas. Please
respond to the following items as honestly and carefully as possible (there are no right or
wrong answers as we are just seeking your opinions). All answers will be kept anonymous,

please read the information sheet fully before completing this survey questionnaire.
The survey has 3 parts:
1. Awareness/Understanding/Knowledge: to find out what you understand by the

terms Sustainable Development and Sustainable Product Design (SPD), and

contributing factors.

2. Study courses: to find out where and how you gained your understanding and

knowledge.

3. Your ratings of the importance: to find out your knowledge and ratings

o of the wider term of Sustainable Development (concepts)

o of SPD (tools/technologies/approaches)

Please put a cross in the appropriate box. X

Gender: Female Male

University/INStitution...........o i

Degree(s) enrolled iN..........o.oii e

Area: Industrial Design Mechanical Eng. Mechatronics Eng.




1. Awareness / Understanding / Knowledge

Sustainable Development Definition:

Not

heard of

Sustainable Development Concepts

Components of sustainable development..

Approaches to sustainable development....

Precautionary principle..........................

Factor 4, Factor 10, Factor 20.................

Population growth..............cooin.

Inter- and intra-generational equity...........

Stakeholders’ participation.....................

Connection between poverty, population,

consumption and environment degradatio

Earth’s carrying capacity........................

Social responsibility................coooiin.

Fair Trade.....cooooeiiiiiii i

Responsible Care............cccocviiiiiiinnen.

Triple Bottom Line.................oooiinil.

Triple TopLine........ccoooviiiiiiiiiiin,

Il Environmental Issues

Climate change............cocooiiiiiiiiiiinn,

(COP 15), Copenhagen, Denmark...........

Global warming..........cccocvviiiiiiiiiinenn,

Biodiversity.........cocooiiiii

Ecosystems.........cooiiiiiiiii

[ =Telo] (oo |

Acidrain.. ..o

Air pollution. ...

Water pollution.............c.oooooiiiiiiiinns

Depletion of natural resources.................

Ozone depletion..........coooeiiiiiiinnn

Deforestation..........ccoooviiiiiiiiiin,

Desertification............cooiviiiiiii il

Photochemical smog................c.ooiiii]

Salinity......oooii

SolidWaste.......ccoovviiiiiiiii

Waste Management....................cooeeild

Heard of

but can’t explain

Have some

knowledge

Know

alot




Sustainable Product Design (SPD) Definition:

11 Environmental Product Policy (EPP) - Legislation, Policy and Standards
Not Heard of Have some Know
heard of but can’'t explain  knowledge alot
International:
Montreal Protocol on CFCs..........ccccceee....

Intergovernmental Panel on

Climate Change (IPCC).............ccccenenene.
The Earth Summit, Rio de Janeiro...........
Agenda 2l........cooiiiiiiiiii
Rio Declaration............c.cooviiiiiiiiinnnens.

Statement of Forest Principles................

UN Framework Convention on

Climate Change.........c.ccovoiiiiiiinnennn.

Convention on Biological Diversity...........

Kyoto ProtocCol..........ccvveeiiiiiiiiiiiiieeeeee

v Environmental Management Systems (EMS) / Standards
a) International:

ISO 14000 /1SO 14001......ccoeenininannnn.
EUEMAS.. ...,
The Florence Convention.......................

Global Reporting Initiative......................

Green Financial Indexes................o........

Forestry Stewardship Council (FSC).........
b) New Zealand:

GreenStar NZ.......ooooiiiiiii .
Environmental Choice NZ......................
CarboNZero.......ccovveviiiiiiiiiii e

Sustainable Business Network................

DINZ Sustainable Design Awards............
DINZ Sustainable Policies......................
IPENZ Sustainable Policies....................
Other (please specify)




Not

heard of

\% Tools/Technologies/Approaches

Systems Thinking.............cooiviiiiiiinn,

Eco-efficiency......ccooeviiiiiiiiiinn,

Industrial Ecology..........ccccoovviiiiiiinnnn.

Clean-up technology............cocociiiiiinnn.

Fuelcells......ooooiiiiii e,

Tradeable permits.............cooiiiiiiin

Design for the environment (DfE).............

Life cycle management (LCA etc.)............

Fast Five.....ooov oo

Ecological foot-printing..............ccooceene.

Materials reduction................coiiiiiilL

Waste minimisation................cooviiiinl

Waste management..................cone

Reduce / reuse /recycle........................

Eco-effectiveness.........coovveiiiiiiiiinenn..

Cradle-to-cradle..........cc.cooviiiiiiiiiinnnns

Clean technology..........cocooviiiiiiiiiinn..

Cleanmaterials............coooviiiiiiiin.

Product stewardship..................c.ools

Environmental supply chains..................

Renewable energy technologies..............

Raw material manufacturing processes.....

Product manufacturing processes............

Chemical content of end products...........

MET MatriX......ooviiiiiii e,

Eco-Indicator 99.........coiiiiiii

Ecodesign Web...........cooi,

Design Abacus...........ccccioiiiiiiiiiit,

Six Rules of Thumb.............cooiiiiinal.

Eco-labelling............cccoo

Product Service Systems (PSS)..............

Dematerialisation...........cocoovvviiiiiiinn.. ..

The Natural Step.......c.coovviiiiiiiiin,

Other (please specify)

Heard of

but can’t explain

Have some

knowledge

Know

alot




Conceptual

Foresighting...........ccoooiiii .

Scenario setting.......c.coovviiiiiiiiiii

Scripting.....ovoeii

Backcasting/Intentional Design...............,

User Centred Design.............coceeveininnnnd

Universal/Inclusive Design.....................

Information/Inspiration website................

Real People website.............................

Ethnography (user profile)......................

Flowmaker/Cards........ccooveevviniiiinnin.

IDEO/Cards......ovoeiiiiiiie i

Mood/visual boards..........c.cocoeviiiiiin.t.

Other (please specifiy)

VI Design Discussions / other

Changing the Change Conference...........

Designer's Accord.........cocooviiiiieiinnnnnnn.

Engineers Without Borders....................|

Sustainable materials libraries

(Material Connexion etc.)..............c..eee..

2. Study Courses

Have you had any environmental education

in your university courses so far? Yes No

Which courses in your curriculum gave you this sustainable development and SPD

knowledge? (please give university or institution, paper name and number)

Would you have attended courses in the following, had they been offered?

Sustainable Development — basic issues from Year 1 upwards Yes No
Sustainable Product Design - knowledge “ “ “ Yes No
Sustainable Entrepreneurship - final year project, business plan Yes No
Interdisciplinary SPD and SD Graduation track, final year project Yes No
SPD and Sustainable Development accreditation in qualification Yes No

If you have answered no to any of these questions, please give reasons below:



3. How would you rate the importance of Sustainable Development?

Not at all
important
For you personally........................
For you as a professional..............
State which profession.....................oel
For society world-wide.................
For future generations...................

Not Very

important important important

How would you rate the importance of SPD?

Not at all
important
For you personally........................
For you as a professional...............
State which profession.............................
For society world-wide.................
For future generations...................

Not Very
important important important

In your opinion, what are the 5 most important SPD or SD issues and why?

SPD / SD Issue Rank in order of importance Why

1 =most important

Thank you for your time and assistance



Appendix F

Final Survey Questionnaire for NZ Final Year ID and Engineering Students

(Haemmerle, 2011)



Survey Questionnaire for Students
Industrial Design and Engineering Perspectives
in New Zealand Tertiary Education for Sustainable Product Design

Concepts understood and perceived by Final Year Students
Industrial Design / Mechanical and Mechatronics Engineering

We are asking for your help in learning more about the level of your
awareness/understanding/knowledge of Sustainable Development and Sustainable Product
Design (SPD) in New Zealand. This is important as you will be contributing as future
professionals in addressing these issues. The results of this survey will help us to improve the
existing courses and develop new teaching programmes related to these areas. Please
respond to the following items as honestly and carefully as possible (there are no right or
wrong answers as we are just seeking your opinions). All answers will be kept anonymous,
please read the information sheet fully and sign the consent form before completing this
survey questionnaire.

The survey has 3 parts:

1. Awareness/Understanding/Knowledge: to find out what you understand by the
terms Sustainable Development and Sustainable Design (the latter contains
sustainable Product Design - SPD), and contributing factors.

2. Study courses or papers: to find out where and how you gained your knowledge.

3. Your ratings of the importance: to find out your ratings of the wider term of
Sustainable Development, and any sources that especially inspire and motivate you
towards SD and SPD

Please put a cross in the appropriate box.

Gender: Female . Male D
University/INstitution. ...
Degree(s) enrolled iN............coeoiiuiiiiiii e

Major: Industrial Design D Product Design l:l
Mechanical Eng. D Mechatronics Eng. D
ORher.

Sustainable Development Definition: “Sustainable development seeks to meet the needs and aspirations of
the present without compromising the ability to meet those of the future” Gro Harlem Brundtland in ‘Our

Common Future’, 1987



1. Awareness / Understanding / Knowledge

I Sustainable Development Concepts

Components of SD.......c.ooeeveiiiinienininns
Approaches to SD............ccoiii,
Precautionary principle....................oo
Factor 4, Factor 10, Factor 20.................

Population growth.......................c e
Inter- and intra-generational equity...........

Stakeholders’ participation.....................
Connection between poverty, population,

consumption & environment degradation...
Earth's carrying capacity........................
Social responsibility............occoeeeiieininn.
FairTrade.........coooeeevivee e e

Responsible Care.................ooooeoiiin

] Environmental Issues

Climate change................. e
Global warming...........ocoooiiiiiiiinn e
Biodiversity..............oo
ACIA rain... .o
Air pollution..........coooiiiiiii
Water pollution (eutrophication etc.).........
Depletion of natural resources................
Ozone depletion.........cccooovveieiiiiiiin .
Deforestation..................o
Desertification................ccocoeiiicn,
Photochemical smog..........coccovveviiiinnnne
Salinity.......cooooi
Waste Management (solid + liquid waste)..

/] Environmental Product Policy (EPP) - Legislation, Policy and Standards

Montreal Protocol on CFCs
(Chiorofluorocarbons)..........ccoeceevvvevrneen.

Not
heard of

Heard of
but can't explain

Have some

knowledge

Know
a lot




Intergovernmental Panel on

Climate Change (IPCC)................co..o.e.
UN Conference on Env. & Development
UNCED (The Earth Summit, Rio)............
Rio Declaration............c.cooeveniiiiiinnes
Agenda 21.....o.iiiiii
UN Framework Convention on

Climate Change (UNFCCC or FCCC).......
Kyoto Protocol..................ccoo
UN Climate Change Conference
(Conference of the Parties - COP 15)
Copenhagen, Denmark.........................

Not
heard of

Heard of
but can’'t explain

Have some

knowledge

Know
alot

v Environmental Management Systems (EMS) / Standards

ISO 14000 /1SO 14001 ........ccvvvieee e
EU EMAS (EU Eco-Managemt & Audit Scheme)..
The Florence Convention.......................
Global Reporting Initiative......................
Green Financial Indexes........................
Eco-labelling.......................L
Other (please specify)

Give your own understanding of Sustainable Design (which contains Sustainable

Product Design - SPD)

v Tools/Technologies/Approaches
Environmental Systems Thinking.............
Eco-efficiency vs eco-effectiveness..........
Industrial Ecology............ccoviiiiinienennn.
Waste minimisation/management............
Clean-up technology..........cccoovvviveiininnnn
Fuelcells............cooveviiiiii i
Tradeable permits.............. s
Design for the environment (DfE)............

Life cycle management (LCA efc.)............




Not Heard of Have some Know
heard of but can’t explain  knowledge alot

METMatrix.........coooiiiiii e

Eco-Indicator 99..........cocvvevievieeiiieeenn,

Ecodesign Web..........ccoovvvivniiniiiien,

Design Abacus................oooiiiiiiiinnn

Cradle-to-cradle...........................co.ee

BIOMIMICIY ..evvevi et e e

Clean technology/materials....................

Renewable energy technologies..............

Product stewardship............................

Environmental supply chains..................

Product-Service Systems (PSS)..............

Dematerialisation, light materials.............

Enabling design solutions............. e

Context well-being............ccoo e

Sustainable materials libraries................

(Material Connexion etc.)

Other (please SPeCIfY). ... .o e
2. Study Courses or Papers

Have you had any environmental education in your courses/papers? Yes/No |:I:|
Which courses/papers in your curriculum gave you this SD and SPD knowledge?

(please give university or institution, course/paper name and number)

3. How would you rate the importance of Sustainable Development for..?

Not at all Not Very
important important Important important

You personally............cccocviiniunsnnnn.

You as a future professional...................

Your country

The society world-wide..........................

Future generations...............

Describe any sources that especially inspire and motivate you towards SD and SPD

(study courses/papers, academic staff and/or ather influences such as personal values, family, culture, religion etc)

Thank you for your time and assistance! .... e



Appendix G

Massey University — Human Ethics Committee — Low Risk Notification

Notification letter dated 26.04.10.
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Appendix H

Extended Table of NZ and International Surveys with T-Values

(Haemmerle, 2011)

In the t-test table, using infinity and o0.01 probability, the value of 2.58 was given.
Therefore all t-values greater than 2.58 were deemed significantly different, and
highlighted in colour in the extended table found in Appendix H. These highlighted
values were then brought together in a summary table (Table 21), showing all values

that were significantly different between the NZ and international studies.

If the NZ mean was greater than the international mean, it gave a positive t-value, i.e.
the NZ mean (level of topical knowledge) was better than the international mean. If
the NZ mean was less than the international mean, it gave a negative t-value, i.e. the
NZ mean (level of topical knowledge) was worse than the international mean.
Therefore the positive or negative values were only indicative of the relationship
between each of the two survey data, with the actual value indicating the level of
knowledge using the rating system by Azapagic et al (Azapagic, Perdan, & Shallcross,

2005) of least to most knowledge, 1 =‘Not heard of’ to 4 =‘Know a lot'.

Of particular interest to educators in New Zealand is to know where New Zealand
students have, statistically speaking, significantly less awareness and knowledge of
particular topics. These were all minus values indicated by additional shading. They are
referred to again within individual tables for significantly different data, also with
additional shading (positive values are shown in blue in the tables). However, these
comparative values should not detract from the equally low values of the majority of
additional topics of this New Zealand survey, which have not been compared to other

surveys.



Topic NZ International NZ International | t-value
Mean Mean Variance Variance

Sustainable Development Concepts
Components of SD 2.2 2.0 0.87 0.85 3.38
Approaches to SD 2.2 2 0.89 0.89 2.58
Precautionary principle 1.4 1.8 0.46 0.94 -7-64
Factors 4, 10, 20 1.1 0.20
Population growth 2.8 2.8 0.56 0.76 0.20
Inter- and intra-generational equity 1.6 1.7 0.59 0.97 -0.99
Stakeholders’ participation 2.1 1.6 0.75 0.88 7.10
Connection between poverty,
population, consumption & 2.6 2.6 0.60 0.87 0.75
environment degradation
Earth's carrying capacity 2.4 2.2 0.69 0.86 3.80
Social responsibility 2.9 2.5 0.55 0.79 6.75
Fair Trade 2.8 0.51
Responsible Care 2.3 2.2 0.90 0.92 0.70
Environmental Issues
Climate change 3.2 3.0 0.26 0.45 4.70
Global warming 3.2 3.2 0.25 0.48 0.86
Biodiversity 2.7 2.2 0.62 0.84 8.24
Acid rain 2.9 3.0 0.39 0.45 -1.87
Air pollution 3.1 3.2 0.24 0.32 -3.45
Water pollution (eutrophication 2.9 3.2 0.33 0.42 -6.35
Dep]etion of natural resources 3.1 3.0 0.30 0.58 2.48
Ozone depletion 2.9 3.2 0.25 0.48 -6.87
Deforestation 3.0 3.0 0.32 0.51 -0.26
Desertification 2.5 2.5 0.69 0.81 -0.22
Photochemical smog 2.0 2.1 0.71 0.83 -1.69
Salinity 2.3 2.0 0.76 0.81 4.04
Waste management (solid + liquid) 2.8 2.7 0.46 0.69 1.99
EPP and Legislation
Montreal Protocol on CFCs 1.6 1.6 0.58 0.66 0.58
Intergovernmental Panel on Climate
Change (IPCC) 1.6 1.5 0.55 0.56 2.42
UN Conference on Environment &
Development UNCED (The Earth 1.7 0.48
Summit, Rio)
Rio Declaration 1.3 1.6 0.26 0.63 -8.17
Agenda 21 1.2 0.22




Topic NZ International NZ International | t-value
Mean Mean Variance Variance

UN Framework Convention on
Climate Change (UNFCCC or FCCC) 1.6 0.56
Kyoto Protocol 2.4 1.7 0.72 0.75 10.20
UN Climate Change Conference
(Conference of the Parties COP 15) 21 0.81
Copenhagen, Denmark
Standards and EMS
I1SO 14000 /1SO 14001 1.3 1.6 0.39 0.79 -5.75
EU EMAS 1.1 1.2 0.10 0.28 -4.33
The Florence Convention 1.1 1.2 0.10 0.30 -3.59
Global Reporting Initiative 1.2 0.19
Green Financial Indexes 1.2 0.17
Eco-labelling 1.6 1.8 0.63 0.75 -2.96
Tool, Technologies and Approaches
Environmental Systems Thinking 1.8 0.71
Eco-efficiency v eco-effectiveness 1.8 0.66
Industrial Ecology 1.7 1.9 0.61 0.65 -4.01
Waste minimization/management 2.5 2.5 0.46 0.75 0.05
Clean-up technology 2.0 2.0 0.53 0.77 0.50
Fuel cells 2.4 2.3 0.59 0.87 1.94
Tradable permits 1.7 1.7 0.67 0.89 0.49
Design for the environment (DfE) 2.1 2.4 0.75 0.76 -0.72
Life cycle management (LCA etc.) 2.3 2.1 0.78 0.79 3.55
MET Matrix 1.1 0.12
Eco-Indicator 99 1.1 0.05
Ecodesign Web 1.2 0.20
Design Abacus 1.2 0.25
Cradle-to-cradle 1.7 1.02
Biomimicry 2.0 1.08
Clean technology/materials 2.3 2.2 0.70 0.72 2.12
Renewable energy technologies 2.8 2.7 0.60 0.90 1.55
Product stewardship 1.5 2.6 0.56 0.76 -18.79
Environmental supply chains 1.7 0.58
Product-Service Systems (PSS) 1.5 0.58
Dematerialization, light materials 1.7 0.68
Enabling design solutions 1.7 0.68
Context well-being 1.5 0.53
Sustainable materials libraries 1.7 0.67




Appendix |

Synthesis of Expert Views (integrated in the Conceptual Educational Framework)

(Haemmerle, 2011)



Synthesis of Expert Views EFFECTIVE/ HUMANWARE
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