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Topic 2.1. Resources and Reserves

Essential Idea

Resource management and sustainable production carefully consider three key
Issues— consumption of raw materials, consumption of energy, and production of
waste—in relation to managing resources and reserves effectively and making
production more sustainable.

Essential Understanding

As non-renewable resources run out, designers need to develop innovative solutions to
meet basic human needs for energy, food and raw materials. The development of
renewable and sustainable resources is one of the major challenges of the 21st century
for designers.

- Renewable and non-renewable resources: Comparison of renewable and
non-renewable resources

- Reserves: The economic and political importance of material and land resources
and reserves. Considering set-up cost, efficiency of conversion, sustainable and
constant supply, social impact, environmental impact and decommissioning.

- Renewability

Renewable resources

Task 1: Define Renewable resource
- Resources that are naturally replenished within a human timescale

Task 2: List examples
- sunlight, plantation timber, wind, water, waves, and geothermal heat.
- Some resources such as wind, solar and tidal energies are perpetual - they are

deemed inexhaustible.
Other resources such as geothermal power, water and plantation timber require

careful management.

Notes / Activities
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Wind Power

Wind is caused by the uneven heating of the atmosphere by the sun, variations in the earth's
surface, and rotation of the earth. Mountains, bodies of water, and vegetation all influence wind
flow patterns.
Wind turbines convert the energy in wind to electricity by rotating propeller-like blades oround o
rotor. The rotor turns the drive shatt, which turns an electric generator,
Companles are required for turbine removal at the end of ifs life. The towers are usually salvaged
and recycled. Lifespon are around 20 to 25 years,
A D 'oge.

Always avallable

corverting It info electricity does not create greenhouse gases or

alr pollutants

Dlmdvonfoou

Very high Initial cost {bigger than fossil fuels)

Nat oll places have constant wind « problems with constont supply

Concerns I might kil wildiife such as birds

Generates nolse - 90 usuadlly placed in rural areas

Cost of transporting electricity from rural areas to where is needed

' Solar cells, also known as photovoltaic (PV) devices, directly convert the electromagnetic radiation
Into electricity in the form of DC voltage. These cells can be combined into panels, which in turn can
be connected info arrays. Solar electricity s used to feed varlous electric loads from small
caleulators to large power plants. When solar panels get outdated, the infrastructure needs to be
removed and replaced by more current technology. Metal parts components are scrapped and old
panels resold to less developed countries. Lifespan of 25 fo 30 years old.

Advantages
Always avallable even on cloudy days can generated
energy
No pollution created
Cost effective for water heating

Dloodvomoon
Nat sure how much energy can be generated due fo
sunlight and exposure
High Initial cost
Need o battery if you want fo sfore it otherwise energy hos
to get info the main power grid

moving water can be sent through a pipe called o penstock, Inside the pipe, the water causes
blades in a turbine to spin. The turbine's mechanical enargy is then transferred through o drive shaft
to the electric generator. In the genaratar, the rotational energy Is transformed into electricity. The
water flow can be made artificially through dams that release it into the pipes when electricity is
needec. The systems can be “run-of-river” withou! a reservolr, or can Include reservolr storage
capaclty. Is estimated a dam life Is 100 years and when decommissionad It will release greenhouse
und 11%).
Advantages
- Renewable
Fairly clean way of producing eleciricity
Highty efficient
Disodvantages
Atfects the environment - some organisms and fish
get kllled in the process
Water reservoirs occupy large areas of lond
= Depends on rainfall

} Water that moves quickly in a river possesses a large amount of usable kinetic energy. The fast

Notes / Activities




Tidal power or tidal energy Is the form of hydropower that converts the energy obtained from tides
Into useful forms of power, madinly electricity, Tides are caused by the interaction of the gravitational
forces and the movement of the sun, moon and earth, The ocean moves toward the moon on the
side facing the moon. This results in an up-and down moverment of water along the coast. The
seawater can be trapped with a dam in a bay at high fide. During low tide, It can be released from
the bay to the ocean. As It falls, It can turn the furbine of an electric generator.

Although not yet widely used, tidal energy has potential for future electricity generation. Tides are
more predictable than the wind and the sun. Advanioges

Lifespan Is 75 to 100 years old, - Renewabie

S ce Gater Doesn’t omit any gases
Pradictable on there Is alwoys tdes
More effective with low speeds
Dbluavomogn
Not gure how It offects wild morine life
Expenuive

s < Need to be bulld close fo land
< phynical prasence of g barrage may affect ofher
aclllissacciaing oo o
Biomass & Biofuel ‘ l

Biological materlal used as fuel, It can be something as simple as a Qarbage
wooden log or more complex like alcohol. Plants are o comman source *

i of blomaterials. Since they can be grown again, this energy source is otas
fully renewable. Another important source of biomass in the home is biomass
garbage, which Is approximately 60% blomass.

The easiest way fo use biomass as energy is fo burn It, When it is 6 ’
burmed, a part of the Infernal chemical energy convers to heat. Biomass ";:“ °m.°'

can also be burned In special plants called waste-to-energy plants,

These plants use the heat energy to create steam, which is then used o Advantages

either heat bulldings or create electricity, Life spon of least 30 years. < Renewable fuel

In addition, blomass can also be used to crecte methane gos, athanol, - Reduces woste

and biodiesel. Methane gas, the primary component of natural gas, D'm"'m

comes from rofting waste, and this gas can be harvested. Waee lorge cmount ol
Sugar cane and com are converted into ethanol, a fuel used fo power m B
vehicles. Leffover olls and fats are used to moke blodiesel, another fuel Fm,:: u:o N
used to power vehicles.

Geothermal Energy

| Is the thermal energy generated inside the Earth. Is used primarily for electricity production or
heating. There are a number of various physical processes that contribute to generation of GTE!
the decay of radicactive materials, volcanic activity, and even absorbed solar energy.

There are several avallable geothermal resources! the heat In shallow ground, hot water and rock
a few miles below the Earth's surface, and high-temperature magma deep In the Earth,

GTE power plants generally use the hot water or steam from the ground to spin a turbine of an
electric generator, which produces electricity in the process. Old petroleum wells are used for
geothermal energy. Lifespan of Geothermal plants are around 25 years,

Advantages
- Renewable
= One of the cleanes! form of energy avallable
= Lower maintenance costs
Disadvantages
= Large sef up cost
= Surface insfabiity
CO2 below the earth's surface that s released
= Disputes over land rights, considerably noise, odor

Notes / Activities




| Notes / Activities

4]
UIROE 08N PN ZI0TE DAGUREYD

NADYW O AG A IO IME O H

T LI R LB a) MTLET Gl =TT o) A ia o] T VA
\nopuey Juapnis

seo)

JesjonN

'O

|eod

1oedw Aiddns juejsuoo 1oedw UOISIBAU0D 1800 ABiauz

Buluoissiwwosaq [BJUBWIUOIIAUT  pue 8|qeuleIsns |e1oos Jo Aouaioy3 dnjes  a|gemausy

/WO SadINOSADIoUS-a|qeMaUBl MMM/ /O

Bujuoissiluuwosep pup jopdwll [pjuswuoIAuS ‘Lopdull
|DI20S ‘A|ddNs JUDISUOD PUD 8|gPUINISNS ‘UOISIBAUOD JO ADuBIoy)e ‘}S00 dn-}as JepIsuo)d
salbiaua a|gpmausl -uou JO SUOD pub soid 8y} Yoipasay € YSo|

fibiaua a[qpmauaI-uoN




Coal

A ceal-fired power station or coal power plant is a thermal

Coal

Store of chemical energy power station which burns coal to generate electricity,
Coal-fired power stations generate over a third of the world's

[ Erergy transterred as heat electricity but cause hundreds of thousands of early deaths

: | each year, mainly from air pollution

fec e st Advantages
Is abundant
Energy transferred as movement | < Cheoper than ol and gas
S I’ i - Does not depend on the weather

\z - Investment Is low
I S —

LEnO-rgy transferred as movement - Combustion of coal woridwide emits over 10 Gt of carbon
I dioxide each year, almost | of total emissions, so are the
single largest source of the greenhouse goses

Generator .
- Coal mining leads to land sliding, deforestation, chmatic
l Ensrgy ransterred as slectricsty 1‘ change
R In underground mining, miners life is under risk at most of the

time

Natural gas

A gas-fired power plant or gas-fired power station or natural gas power plant is a thermal power
station which burns natural gas to generate electricity. Natural gas power stations generate a 1/4
of world electricity

- Eosler to store

[— } - Not as pollutant as other fessil fuels

O t --—J.'. J - Cheoper than oil
|

——— Advantages

N L

— terey [y

T

- Plentyofreserves

|
Uivchica p O q 1 Disadvantages

outpt o gl
Highly combustible
- Source of violence and terrarism - as exploration

occurs in countries with the worst records of
n : dictatorship
l pe——

s
T

- Emits COZ contributing to greenhouse gosas

[——

0il

Power plants that burn oil fo produce electricity are called oil-fired plants. They are no
different in general principle and operation from their fossil-fueled cousins, the coal-fired
and natural gas-fired plants, and are even similar fo geothermal and nuclear power

plants in some respects.
Advantages

- Ollcon easlly be transported by a network of
pipefines
Used in almost all industries
High density energy - a small amount of oll can

= product o large amount of energy
Disodvantoges
o - Releases CO2 confributing o greenhouse emissions
| I Oil Refining Produces Highly Toxic Substances
- Producing electricity from crude ol Is expensive
L - u | : compared fo other fossil fuels such as coal or gas
i ..‘ J_. < - Finite resource

Con cause water pollution

Notes / Activities




Nuclear energy

The process used fo produce nuclear energy is called fission. Nuciear fission occcurs when the atom
of a nucleus is split, releasing very large amounts of energy.
In nuclear power plants, atoms are confinuously split, creating chain reactions that provide high
amounts of sustainable energy for a long period of time.
Nuclear energy, much like other power scurces, cerfainly doesn't come without its drawbacks.
Disposal of radioactive waste, high up-front construction costs, and public sofety are key factors
thot need to be evaluated
Advantoges
- Lowest fair of greenhouse gases when comparing
with other non renewable sources
i = High power output
o a - very inexpensive electricity once up and running
- Economic impact - due to employment it generates
(3] (4] Disadvantages
o - Disposing high toxic fuel
o - Pessibllity of nuclear accldents
- High set up cost and dismantiing at the end of its life

Ll

RESERVES

Resources are the stock or supply of materials RE S O UR C E S
that are available in o given confex!. We already
: saw renewable and non-renewable resources.
|dentified resources are those whose location,
grade, quality and quantity are known or
estimated from specific geclogic evidence.

gy ey

Reserves are the portion of an identified resource
that can be economically and legally recovered.
Reserves can be divided in 2 groups - proven
reserves and probable reserves,

A proven reserve are those rasources that can be
economically and technically extracted.
Reserves exist but It might not be viable at this
moment such as gold in seawater are considered [ B e
probable reserves A el g« e ~

Renews itself at a rate that is faster, or
equal to the rate of consumption.
Resources that are dependent of
regrowth can sometimes be depleted
beyond the point of renewability - such
as deforestation leading fo
desertification or species harvested to
extinction.

Pollution can also make a renewable
resource such as water unusableina
particular area.

Notes / Activities




Notes / Activities

The extraction of oil has been ot the centre of may issues
removing around resource security and infernational freaties.
Students need to understand the issues/impact surrounding
resources security for Nations/Governments and infernational
freaties.

Governments need to balance the economic benefits

kY % 2 . - Ol campanies are oft bBrought Into country to
and political impact (including social aspectsof resource | -t s then develos
extraction, The lnvasion of Kuwait in 1990 is one such example. fraq was them, Th companies pay the government 3§
SCCUSINg the Kuwait povernment of nta = froem the border into Ir 2 4] st amount wihech can 4""4![‘\ v can

stealing Iragi oil It is also swraduce local employment an

10 procure Kuwaiti oll that were

OpPOrtunities

eserves. A third reason was that K earth minerals w

tha price of global oll which affect the Irag pd/needed an it
ssups. For the count
- Often, multinational companies licensed to extract receive a financial wi
resources hove limited consideration for the local o ”'J';"m
population. .1:‘ naging ‘ B

Define non-renewable rescurces

List the different types of renewable resourcas and non-renewable resources,

3. Explain why some resources such as geothermal power, plantation timber ond water
require careful management, while othars such as wind, sofar and tidal are thought to
be unlimited.

N -

&=

Why might a government, which already produces its electricity from burning fossil
fuels considers commissioning o nuclear power plant

Qutiine what i meant by the term resarves

Compare and contrast resource and reserves,

Define with examples renawobility

Qutiine the reductance of some people 10 odop! bioluel as an alternative.

Lo B - I

2017
5. What describes the quantity of material that is ready and available for production?
Reserve | Resource
I No N
£ No
2016
10. The consumption of which renewable energy source results in carbon emissions?
A. Wind
B. Solar
C. Nuclear
D, Biomass




Notes / Activities

2018
1(d) (i) Define the term renewable resource. [1]

2017
1(b) (i) Outline the difference between a renewable and non-renewable source of energy. [2]

2017 Fygeen 2 Peweewal dete

cnzay T T W tocning. sehergesie SHars e ety Wb vl 1
1(c} (i) A consumer whao already has solar % i czevne -
panels on their roof is considering whether to -—'-c'—""l"_g:;::'“" paress | 'ﬁ;”.,m* — —==

purchase the Powarwall. The solar panels Tt etutry retwiat , 1884000 —

generale 2,760 KWh per year. The cost of the  BEECE
solar panels was US$4,000 s e privesdet

s ol oraNstENAn

.-

" o U0 sarrwety to vatone g onrg a DGAC
Calculate the time it would la.ke for the "n?-u— e —
Powerwall 1o pay for itself using energy Lo AT gy e o e
generated from the solar panels, (2] e ] :";:'m‘..,,...". o
| imuaes e R i Ui Pt ks

P i

h ) — ATy SCE—,

.iwm

2a) OuUmo why Biomass is considered a renewable resource. [2 Marks)
2b) Outline why biomass might not be considered as environmentally
friendly as solar power, [2 Marks]




Notes / Activities

Explain why, in order to be considered a renewable resource, the timber plantation would require careful
management. [3 Marks]

Outline one positive and one negative impact that the development of smartphones may have for the
country where these minerals can be found. (4 marks)

resources

Discuss the political and economic importance of a country such as Lesotho generating electricity through
local solar and local wind power rather than buying in energy from another country
[6 Marks]

- -




6. The image shows the Bellefonte nuclear power plant located in Hollywood, Alabama

7.The image shows PV cells on the roof of 2 home in Germany. Although considerably cheaper today than 10
years ago, the German government still provides homeowners with interest free loans to assist with the
set-up costs of installing the PV cells.

Consider the economic and political importance for the German government in encouraging people to move
away from a reliance on fossil fuels for generating power
6 Marks]

Notes / Activities
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Topic 2.2. Waste Mitigation Strategies
|

Essential Idea

Notes / Activities

Waste mitigation strategies can reduce or eliminate the volume of material disposed
to landfill.

Essential Understanding

The abundance of resources and raw materials in the industrial age led to the
development of a throwaway society, and as resources run out, the many facets of
sustainability become a more important focus for designers. The result of the
throwaway society is large amounts of materials found in landfill, which can be
considered as a new source o mine resources from.

Principles and concepts

Re-use
Recycle
. Repair
Recondition
Re-engineer
« Pollution/waste
Methodologies for waste reduction and designing out waste
. Dematerialization
. Product recovery strategies at end of life/disposal
. Circular economy—the use of waste as a resource within a closed loop system

Circular economy

Linear economy = make, use, dispose

Circular economy = keep resources in
use for as long as possible.

Extract the maximum value from them
whilst in use. Then recover and
regenerate products and materials at
the end of each service life,




Circular economy

Designers must ask themselves the question

How can this product be made to be made again?
There are some ideas of reasoning with this dilemma

Cradle to cradie design thinking ( see more sub topic 2.6)

- Design for disassembly (see more sub topic 4.5)

Design inspired by nature - biomimicry
Innovative design techniques might include the use of smart memory screws,
adhesives and circuit boards that can be dissolved, the use of clips rather than
adhesives, and biological materials that can be safely returned to the biosphere
with no toxic dyes or other materials.

- How will the materials or components be recovers ond made use again?
One way is to develop differenf business models where users buy performance
through leasing rather than purchasing. This offers interesting job opportunities in
creating reverse supply chains as well as engaging design opporfunities and
challenges.

Waste mitigation strategies

Re-use Recycling

This is reusing ¢ product in the Recycling refers to using the matericls recovered
same context or in a different from the waoste stream for use In the form of raw
context. materials in the manufacture of new preducts.
Reusing Is utilising an object It decreases the consumption of unsullied raw

more than one time. resources, frims down energy usage, lowering air
An example of reusing is using and woter pollution by dropping the need for *usual®
glass botties to drink water waste discarding, and lastly lowering greenhouse
from over again. gas emissions. A good example is recycied paper.

Thus not Include reclaiming materials for use as fuel
for enerqy processing.

R REPAIR MANIFESTO

Repair

Is the reconstruction or renewal of any part of

an existing structure or device. IF YOU CAN'T FIX IT, VOU DON'T OWwn IT,
Repairs moy be functional or cosmetic. REPAIR 1§ BETTER THAN RECYCLING \(
Examples include: mending clothes, replacing o oot bt s oyl e

faulty components in appliances, efc. REPAIA SAVES YOU monay

The cost of repair has bacome such that b e bty o e oo

replacement is cheaper. Many items fodays are AEPAIA TEACHES ENCINEERING

b bt vy 10 Ml S S e VL Ut 1y TR st

produced with planned obsolescence - it is
axpectad they will have a limited useful life.

t rwnd rmestes Lreviaely we wil e e
>t *a1 vew b uady b

- REPAIR IS WAR ON s
SCONNECTS | FNTROpY | REPAIR I3

10 DEVIGES THAT CAN 3¢ OPINED () CHOOSE | 1o rewseaar
10 o4t ocumpuTaron fon === | FASTENERS

— EIERVEHNG v e

Notes / Activities
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Waste mitigation strategies

Reconditioning Re-engineer

Reconditioning is rebuilding c product so Maodification of an existing product, sometimes
that it is in an “as new” condition, by through reverse engineering.

repoiring if, cleaning it, or repiacing parts. To optimize product’s performance by adding

Reconditioning products generally come
with o renewed warranty

Examples include; reconditioned car
engines, retreaded tyres, upgroding
computers with replacement modules changed and lighter materials used

new functionalities and taking advantage of
emerging technologies
Exomples are F1 cars were aerodynomics is

Waste Stream

Task: Define Waste Stream

Can take place during any stage of the manufacturing process - extraction of raw
material, manufacture, transportation, packaging, and use.

A waste stream is the complete flow of waste from domestic or industrial areas through
to final disposal.

The intervention of recycling may act to lessen the content of o waste stream as it moves
down the line.

Waste Stream

Task:
Discuss the potential waste stream of a plastic bottie

Notes / Activities




Notes / Activities

Waste mitigation strategies

Pollution/waste
Most production processes result in the
creation of poilution and or waste during
the various stages of manufacture from
raw material extraction to transport,
processing, manufacture and packaging.
Pollution and waste come in many forms
such as excess heat, exhaust gases,
chemical discharges, product rejects and
left over packaging.

Methodologies for waste reduction and designing out waste

In order fo move foward sustainable manufacturing designers are increasingly focusing
on reducing waste that otherwise find its way to landfills or as environmentally pollution.
See below the waste management hierarchy, moving from the least favoured option
waste disposal all the way to prevention.

most :
favoured prevention

option

minimisation
recycling

east energy recovery
favoured

option disposal

Methodologies for waste reduction and designing out waste

Discuss the role of design for making these methodologies possible - give examples
Waste reduction hierarchy

Most tavoured opton

Lewering the
REDUCE [Eaeurd
watts peoduced
L Unng
matenaly
repe stedty
L. Uneng msteriash
w0 make
—~—w producty
L> Necovering
ey trom
waite
Late dhpoast
LANDFILL R
% lanagti

Loan tapoursd cpt

| -

-

LLE




I | rvotes / Activities

Methodologies for waste reduction & designing out waste

Define Dematerialization
& find some more examples

Dematerialisation literally means the

use of less materials.

Dematerialisation is defined by UNEP

as “the reduction of total material and

energy throughput of any product and 19% I ok i

service, and thus the limitation of its

environmental impact, This includes ™
reduction of raw materials at the

production stage, of energy and

material inputs at the use stage, and

of waste at the disposal stage.”

Dematerialization Strategies

e Design and manufacture of a smaller
product e.g. miniaturization

e Design and manufacture of lighter
products e.g. using alternative
construction

¢ Replacement of material goods by
non-material substitutes (for instance
a letter on paper replaced by an
email)

e Reduction in the use of material
systems or of systems requiring large

)

\/\

.—r~ ==
RTeTre ..‘-sh
"y

infrastructures (for instance using Task: Identify more examples of these
telecommunications instead of using strategies
a car to go to work)

Product recovery strategies at end of life/ disposal

The processes of separating the component parts of a product to Toassrssn il combug ses
recover the parts and materials. o
Traditionally disposal of products such os cars ond refrigerators
have been the responsibility of governments. These unwanted items
have been buried in landfill or incinerated. This generoted problems
such as
Release of pollutants into the soll and groundwater systems
- Generation of odours, flommable and toxic gases.
Now the responsibility for recyeling Is being directed towards the
manufacturers of the goods. Producers have to collect 'toke-back'
their products at the end of life (EOL), The aims of this legisiation are
Reduce amount of hazardous wastes sent to landfills
Increase availability of scrap, reducing the demand for virgin
new material
Encourage design changes that reduce waste and improve
recyclability

- C




Product recovery strategies at end of life- ELV

95% of o car can be recoverad, reused or

recycled, Parts are separoted to recover

parts and materials

How it works

1 - the car is drained of all fluids

2 - Airbags and belf tensioners are
ecctivated ond the battery is neutralised OER AT T Seape O
- All parts are removed - some parts such as

d

3

doors can sold to garages to be reused

4 - The body of the cord is compacted info o

cube In 2000, EU introduce the ELV (End of life Vehicie)
5- The cube ie shredded inte small pieces and directive. Car manufocturers are required to
then sorted to separate metals from plastics re-use or recover 85% of the weight ot the car. In
6 - Pieces can be reused as raw material 2015, it hes risen to 95%,

Product recovery strategies at end of life -WEEE E

In 2005, the EU issue a directive for requiring manufacturers of
electrical and electronic equipment had to establish collection
systems.

Waste electrical and electronic equipment, 1otal collected. 2008 and 2016
%3 por hatitan(

Explain how The 'WEEE
Directive’ (The Directive =
on waste electricaland
electronic equipment) e

is reducing waste at

the disposal stage. j'
Discuss the impact The I 4
"WEEE Directive’ would
have had at the design
stage

"

T

>

Ly b

Lindea Kingaoe

s F
4 et ua coCu 4w _wawrien bt
eurostatim

0

The Story of Electronics

E-waste problem
Recycling of valuable elements contained
TH E STO RY 0 F In e-waste such as copper and gold hos
become a source of income in developing
or emerging countries.
However, primitive recycling techniques
such as burning cables for retaining the
inherent copper expose workers to a
range of hazardous substances. E-waste
is connected to health risks such
direct contact with harmful materials
such as lead
Inhalation of toxic fumes
| s | accumulation of chemicals in soil,
water and food
Risk of injury for no protective
clothing worn

| ”




Product recovery strategies at end of life/ disposal

The processes of separating the component parts of a product fo recover the parts and
maferials.

Use and recovery of standard parts at the end of product life.
Recovery of raw materials,
« Ensure recycling and dismantling is done safely and with trained personnel.
Take back legislation
Trade in
Recycling bins/locations.
Employ a circular economy,

Guiding Questions.

Explain how natural resources can be conserved if ‘Reuse’ is adopted worldwide

Expiain, with reference to obsolescence, why products are not repaired os @ matter of course these days
Qutline the difference between: recycle, reuss, recondition, repair and re-engineer

List some of the waste / pollution that might be produced during the various stages of a product’s iife cycle

H W N —

(additional research is required)
5. Explain why woste maonagement practices are not uniform among countries {developed and developing
nations)
6 Exploin the principle of the waste management hierarchy.
7. Qutline how waste can be reduced and designed out of products
8 Outline how dematerialization can improve praduct efficiency by saving, reusing or recycling materials and
components
9. List the Impocts of dematerialization on eoch stage of the product life cycle including: material extraction;
eco-design; cleaner production; environmentally conscious consumption patterns; recycling of waste
10.  Qutline the potential results of successul dematerialization
1 List with, examples, the different methods for reducing waste
12.  Compare and contrast historical methods for disposal of end-of-life products and recavery strategies
13.  Exploin the benefits of the closed-loop economy and what it has 1o do with design
14, Explain what Is meant by ‘waoste Qs a resource’

Exam style questions

2018

6. Alfredoc Moser invented a lamp, see Figure 2, to provide lighting to homes
without access to electricity, using nothing more than o plastic bottie, woter
and bleach. Figure 2: The Moser lamp. What waste mitigation strategy
describes the use of the bottie in this invention?

A. Recondition

B. Recycle

C. Repair

D. Reuse

7. Which of the following has the hierarchy of waste in the right order {from most to least
desirable)?

A. Landfill, incineration, resource recovery, recycling, reuse, source reduction

B. Source reduction, reuse, recycling, resource recovery, incineration, landfill

C. Landfill, resource recovery, recycling, reuse, source reduction, incineration

D. Source reduction, resource recovery, recycling, reuse, incineration, landfill

Notes / Activities
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Exam style questions

2017

6. What is ¢ definition of re-use?

A. Changing waste material into a new product

B. Application of a product in the some or different context
C. The reconstruction or renewal of any part of a product
D. The return of a product to working order

26. Many countries have Introduced legislation fo take back electronic products at their end-of-life.
Why do governments enforce such legisiation?

|. To reduce the amount of waste going fo landfill

I, To encourage the recovery of non-renewable resources

lIl. To create a market for used electronics

A land Il only

B. land lll only

C. lland Il only

.1 hand

|

Exam style questions

2017

7. Unilever recently redesigned the packaging of their deodorants, see Figure 4 below,
reducing both the amount of packaging material and the amount of gas used.

Figure 4: Compressed gas packaging

What is the environmental impact of this particular dematerialisation strategy?
|. Reduced waste

v
Il. Reduced material usage S N
IIl. Reduction in energy consumed § %
A.land Il only § 2 § -
B.land Il only %M.- § / §
C.lland lll only § : \\m\
D. |, ltand il

&= 8

7

5

Exam style questions

2016
5. Figure 3 shows a symbol widely used on plastic products made of polyethylene
terephthalate (PETE).

Which waste mitigation strategy does the symbol shown in Figure 3 promote?

A. Repair

Figure 3: A symbol used on plastic products made of
B. Reuse polyethylene terephthalate (PETE)
C. Recycling

r
('

PETE

D. Reconditioning

Notes / Activities




Exam style questions

Specimen paper

9. What would not necessarily be reduced by a manufacturer adopting a
dematerialization strategy?

A. Depletion of natural resources

B. Waste to landfill

C. Energy consumption

D. Product efficiency

Exam style questions

2019
1 (a) Describe the difference between recycling and reusing. [2]

2018

4. Designers ofton strive to design products that anable the principles of the ciroutar sconomy to be
mel. However, products are designed sa that thay cannot be easily disassembled

Explain why some products are designed so they cannot be easily disassembled. (3]

2016

1{e) (i) Outiine one implication of dematerialization for the design of the Tetra Pak carton.
(2]

1{e) (i) Outline one effect on the environment of the production of cardboard cartons. (2]

Notes / Activities

23




Topic 2.3. Energy Utilization, Storage
and distribution

X Notes / Activities
Essential Idea

There are several factors to be considered with respect to energy and design.

Essential Understanding

Efficient energy use is an important consideration for designers in today’s society. Energy conservation and
efficient energy use are pivotal in our impact on the environment. A designer’s goal Is to reduce the amount
of energy required to provide products or services using newer technologies or creative iImplementation of
systems to reduce usage. For example, driving less is an example of energy conservation, while driving the
same emount but with a higher mileage cor Is energy efficient.

As we develop new electronic products, electrical energy power sources remain an ever-impartant issue.

The ability to concentrate electrical energy into ever-decreasing volume and weight is the challenge for
designers of electronic products

Principles and concepts

. Embodied energy

. Distributing energy: national and international grid systems

. Local combined heat and power (CHP)

. Systems for individual energy generation

. Quantification and mitigation of carbon emissions

. Batteries, capacitors and capacities considering relative cost, efficiency,
environmental impact and reliability

Guidance

. Total energy consumed in production (cradle to [factory] gate) and throughout the
lifecycle of a product (cradle to grave)

. Batteries are limited to hydrogen fuel cells, lithium, NiCad, lead acid, and LiPo
baotteries

Embodied Energy

Embodied Energy vs. Carbon Footprint

What is embodied energy?
Walch the video

Embodied Energy = Sum of
END.OF-LIFE f all energy noeded to

“;’;“,’“"“ ‘ produce any product, as if

) 2% that energy was

e UsE & incorporated or "embodied”
EXTRACTION o~ MANTENANCE inta the product itself,

61%

EMBODIED
CARRON
73% .
[ 10%
MANUFALTLS NG

TRAMEPONTATION Carbon Footpeint » Sum

2% of all greenhouse gases
emitted by the full life
cycle of a product,
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Embodied Energy

if we look at a building over its entire design
life imoge) we can see the embodied energy
is broken down into the following
components:

Materials - energy used to extract the
raw materials and process them into
useable stock forms

- Transpor! - energy usad to transport! the
building moterials from the factory to
the building site

- Assembly - energy used fo construct
and create the building

- Recurring - energy used to maintain
and replace certain bullding elements
over ifs lifespan
Demoalition and recycling - energy used
to demolish and recycle the building
ond feed the resultant moterials back
into the building industry.

Energy ‘.' S—
‘e ! .' E
:::I:::f(ﬂyi c'?:"" - Ao mrmtrus tien Embodied
Trevgy iP% X %
focus on Just /7 \,  Carbon:35
Miotthe S —
total CO, I LC A \
wenrgd Carbon Emissions of weses
A atn Tessors IN
N a Typical Building .
a7 ety
.
Operational | My Vecrtence.

QM"-/“

s
Carbon: 65 %
B m

Fmtoded Sosgy I & wabatde concept tar camudating the
L I et 1Rt Il R et Rl el

Embodied Energy of common materials

Aluminium - Sheet
Copper - Cable
Plastics - Polystyreno

Glays -« Clooar Float
Paint

Steel - Reinforcemant
Ceramics - Porcelain
Timber - Particieboard
Timber - Oregon

Clay Products - Bricks
Timber - Hardwood

Pfastor - Gypsum
Fibreglass Insulation
Concrete - 20MPa
o =2 we “°o a8
Embodied energy (GJ t')
Embodied Energy

Task:

Compare the impact of reuse and recycling in terms of embodied energy

Notes / Activities
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Embodied Energy

Task : Identify strategies to reduce embodied energy?

Danislis Tereley Tonghky podeas!t on

the circulor econoey of canatruction
materiols The fecsiility of designing for
daconstruction, rause of existing buiklings
and down cycing of construction
materials How to impeove the efficiency of
matenal use in struciunol desgn.

Dankele Is a Professor of Architectural
Englneering of the Unwversity of Sheffield
UK,

Distributing energy: national & international grid systems

Define Electrical Grid

LECTmCAl. GRID10

BT e

HW THE GRID WORKS -y

. o - BTN e it
WAOH? 1f TO prawer v IIERY MUt TSNS waLlh | vnnn- g O 208 11
Eaand Dy CMTREe % Fararmasar A Satroedon e

PTTE AR Bew U0 e 200N 18 pher e <
A L) L
R s T
‘l’-w—:'- °u-nu-n o
p— L ot-v: Q swirm 1
S el wmars |

olmnn“ J,;]

E : -l-.- \ g :
i | ? O
ptaleahg— toct 1

Erarmpie ba snow e datrBtion of shechical eeerily

Distributing energy: national & international grid systems

A Smart Grid, however, uses Information
technology to provide a real-time picture of
energy production and consumption, Smart
arids make use of sensors and soffware to
manoage electricity distribution and
consumption, A home dishwasher, for
axample, could be set to operate in the
evening when power costs are lower, thus
sSaVINgG Money,

The generation of electrical energy results in
large omounts of excess heot that is typically
lost to the atmosphere during production.
The efficiency of electricity is only 37%, These
heat losses increase with more loses during
the transmission and distribution of electrical
energy to customer.

}
++
}
b

-—
adu
-— -
i
i
pr S
P+
b
hd
+

A

:—;mm. gan-— 7
"_ — —

M g pree

I L= s ;'!;: —_—

e e P Ewre e

-
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Local combined heat and power (CHP) Notes / Activities

T et b

In an attempt to recover the energy lost
during electrical generation in waste
heat, local combined heat and power
(CHP) systems also known as
cogeneration are becoming more
popular.

These systems collect the heat waste
from electricity production and pass it
through a heat exchanger where it can
be used fo heat air or water heating
system. Using CHP can bring
efficiencies up to 75%.

o

Local combined heat and power (CHP)

What can be the benefits of CHP?

- Reduced fuel costs & ~ ) e
- Less C0O2 emissions ENERGY
- Reduced energy costs to the \

consumers a B I

CHP is great to be used in large
buildings and industrial sites which
operate their own electrical
generators — making this system
able to produce hot water and air
conditioning.

USEFUL
ENERGY

Systems for individual energy generation [microgeneration]
Microgeneration refers to small scale systems Sk Tevwae

Fanets
that generate electricity and/or heat for p St
domestic use. Gna
This happens has sometimes there is " Nt -,
unreliable grid power or the distance to the —_r— e 050 |
electrical grid is long therefore to expensive for B et - aaor N
an individual or community to take on. Or it can | "4 1200
also be motivated by environmental conscious ::,,_L,__:_.,. - -ugg -

approaches that aspire to zero or low carbon
footprint and cost reduction.

Off the grid systems require a battery backup
to store energy for use when energy
generation is not available.

Ermrgy gremtaban o intnow phawt  <xwel wow o Latee e Seesad
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Systems for individual energy generation [microgeneration] Notes / Activities

Recently, individual energy generation has started to play an
increasing role in smart grids (see above). Homeowners install solar
panels or wind turbines on their property and sell any excess energy
back into the grid. In this way, it is possible to recoup the cost of the
system through the saie of excess energy.

Benefits Considerations
s supplement o grid-power system u  high inifial cost
= lower environmental impact (see below) ® Ay require owner
s Typically use renewobile energy such as solar or wind o carry out
s con be scaled to meet the neads of a single user maintenance

» possible to Bve “off-grid® (ne connection to power distribution

infrastructure)

Quantification and mitigation of carbon emissions

Almost every process involved in the life Carbon footprint of what you eat
oy pre) Fom (e pRcuCion. oroceesing and Panepociation

cycle of a product generotes CO2. As hroecr e 2o

climate change hos INnCreased, focus has & K o e e g omte s vt
shifted towards minimizing carbon
g o D =2 ¢ o - .,

emissions. Central to this is accounting for Usin M T et Peed e P T ey Pou et
° i 2 ) Al 3] "

the sources of carbon- quantification. This

is often referred to a product's carbon

footprint. G
e
As designers, we have a morol and o ’ :

environmental responsibility to designina

manner which mitigates or eliminates the = A ,

environmental impact of our design. ,‘-,,:,,, ,‘_',:,, oraee :;'? hee Epn Croen ,,,,"-, r,:_ ,';,l ;
J 2 ? ’ ’ "ns» ” 3

Quantifying the carbon footprint of our P . -~

designs is an important step towards

Quantification and mitigation of carbon emissions

Task: Identify the secfors responsible for more greenhouse gas emissions?

Greenhouse gas emissions by IPCC source sector, EU-28, 2017

Transpont (incisdeg
imermationa’ awabon)
48% Fuak -fugve emessons
19%

usmal processes

Househokls, commesce, ) prOduct e
Instikdions, and others 4%
146 %
Agncuture
98 %
Manufactunng indusines and
o o . Wae management
- \\_ inairect COZ and otter
Erengy industes ao%
283%
Sowce EEA mpibashed by Euostat (onkng data codo env_ar_gge} eurostatim
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Batteries

Batteries allow devices and machines to be portable. The
batteries in mobile phones allow them to be portable
and be used for long periods of time without being
recharged.
Batteries convert chemical energy into electrical energy.
Batteries contain heavy metals, which when disposed of
improperly can cause pollution, soil, air, and water
contamination, as well as health problems.
Designers should consider several things when selecting
a powersource;

« Power demands for the design

« Physical size of the battery

« standard battery sizes

‘The futtire of

- rechcrgeobiiify n—l\rgy storage
« environmental impact of disposal of the baftery. szl

Battaries and Supercapacitors video

Batteries Recycling battenes is good as It kaaps tham out of landfill, where heavy metals may leak mto the ground

whan the battery casing corrodes, causing soll and walar pollution. i batteries are incineratad with
household wasie, the heayy metals in them may couse air polution Heore are mumn ballones used

Contiatrn Curttuns Comuns Contans
Manganeas Docdo Maortaric Oxne Laae Suiphain Nckgl Qude Hydruide
L Cadmium

Litham

oopat

L an
housahold  hazardous

witase fecyang
The UPg s khosn kx  corfres
needed o separate
e hydrogen

volashe machon Iy

Rechargeable Batteries

Rechargeable batteries have a chemical reaction that is
reversible with a rechargeable battery: when electrical Q
energy from an external source (e.g., a charger) is applied ~ -
to the battery’s secondary cell, the negative-to-positive m 0
electron flow that occurs during discharge gets reversed.

As this happens, the cell's charge gets restored.
Rechargeable batteries will not last forever. They do
eventually die, though it typically takes several hundred
charges before this actually happens.

The benefit to using rechargeable batteries is that it cuts
down on the amount of regular batteries that you use.
This, in turn, reduces the amount of environmentally
harmful regular batteries that get thrown away. However
they need to be properly disposed off as they still contain
toxic substances.

M) T1VI0HVHO3Y

Notes / Activities
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ELL STACK: v

Flow Battery technology

CELL
STACK

In this technolegy, 2 different electrolyte materials
are stored and are pumped either side of a vessel
with a central membrane.

Increasing the capacity is a simple as adding
additional storage tanks. Vanadium redox and
zinc-bromine are 2 of the more familiar types of flow
batteries. Spent electrolyte can be later recharged.

-

T —

T
Bm

L L T
angnge
1 LJ L

"Il]
Nllm

Comnmercial flow battenes, such as this zinc-broemine system,

Flectrmiatic copaciion I heewalythe apacun Negwvapac iver

Capacitors .
Capacitors store energy temporarily A
as an electrostatic charge between 2

plates that are separated by anon
conductive material such as glass,

HALAMCE OF PLANT 1BOF ACTIVE NATERIALS

The main advantage is of rapid v | Ly SRy (. TS
charging and discharging and f ' [ e
typically used to smooth voltage i .

supplies. -

Newer capacitors - also known as super or ulfra ) Sy

1t 1 socond

capacitors offer the potential of storing much higher z
levels of energy. LIC (Lithium-ion capacitors) offer energy % 1
[

densities similar to rechargeable batteries but with faster
charge/recharge rates. Applications are regenerative

LA}

10 %arurn -
|

01 03 sacured |

braking systems in hybrid vehicles, as protection for e N e “:”
CMOs logic chips, in UPS systems and solar power arrays Sisae e
and to smooth power generated by wind turbines.

Exam style questions

2019

8. Which of the following battery fypes is the most efficient?
A. Lithium

B. Lead acid

C. Hydrogen fuei cell

D. NiCad

9. As an energy generation process, CHP (Combined Heat and Power) is fuel neutral. What does
this mean?

A. It can clean fuels

B. It can neutralise fuels

C. It can be applied fo renewable and fossil fuels

D. It can take subsidies from fossil fuels

2018

9. What best describes a combined heat and power approach?

A A national energy distribution system

B. A macro energy policy

C. A sustainable energy strategy

D. An efficient way of generating electrical and thermal energy from a single source

2016

6. What best describes the embedied energy within a product?

A.The energy consumed throughout the entire product life

B. The energy within a product’s batteries

C. The energy required to recycle a product

D. The reduction in the amount of wasted energy achieved through ciean production

Notes / Activities
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2017
1b (ii) Poor battery management/storage reduces battery life. Outline why the efficiency

of the lithium ion baftery will not remain at 92%. [2]

3. State which waste mitigation strategy would be maost effective at reducing a preduct's
embodied energy. [1 Mark]

4. The image illustrates the basic layout of the e
electricity grid "‘{r;,‘::, aﬁp
a) Outline the reason why power stations are usually W ; m
located far from residential areas [2 Marks) L o o
b) Identify two areas where energy is ‘lost’ “T‘»

T alan

c) Qutline why national electricity grids were created
[2 Marks]

5. The image shows a schematic drawing of a local CHP unit (Combined Heat and
Power). Outline the benefits of local CHP. [2 marks]

? 7_d_q

6. The image shows a wind turbine for individual household energy generation

a) ldentify one limitation to relying on a wind turbine for individual household energy

generation. [2 mark]
b) Identify a reason the local community might object to a neighbour installing a wind
turbine to generate energy. [2 Mark]

7. Compare the benefits of individual energy generation for a house in this type of
location rather than connecting to the national electricity grid.
[3 Marks]

Notes / Activities
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Topic 2.4. Clean Technology

Essential Idea

Clean technology seeks to reduce waste/poliution from production processes through rodical of incremental
development of a production system,

Essential Understanding

Cleon technolegy is found in a broad range of industries, including water, energy, manufactuning, advanced
materiols ond transportation. As our earth's resources are slowly depleted, demand for energy worldwide should
be on every designer’s mind when generating products, systems and services. The converge of environmental,
technological, economic and social factors will produce more energy efficient technelogies thot will be less reliant
on obsolete, polluting technolegies.

Aim
The legislation for reducing pollution often focuses on the output and, therefore, end- of-pipe technologles. By
implementing Ideas from the circular economy, pollution is negated and waste efiminated.

Concepts and principles

Drivers for cleaning up manufacturing promoting positives impacts, ensuring neufral impact or
minimising negative impacts through conserving natural resources, reducing pollution and use
of energy, reducing wastage of energy and resources.
International legislation and targets for reducing pollution and waste
End of pipe technologies

- Incremental and radical solutions — advantages and disadvantages

- System level solutions

Guidance

- The role of legislation to provide impetus for manufacturers to clean up manufacturing
processes
Advantages and disadvantages of incremental and radical solutions
How manufacturers react to legislation

- How legislation can be monitoring and policing

Clean Technology

Clean technology is a broad term that describes products and processes that reduce waste
and use s little non-renewable materials and energy as possible. This can encompass o
range of technologies and strategies, all with the goal of minimizing environmental impact.

What can | do as o designer?

Ciean technology is focused on sustainable production. Concepts and strategies such as
cradle-to-cradle, circular economy, life cycle analysis (LCA), lightweighting, use of recycled
materials, etc, play a role in clean technology to meet the goal of sustainable, non-polluting
production.

As the world's non-resources continue to be consumed, and the associated environmental,
econcmic, and social pressures grow, designers can play an important role in designing for a
sustainable future,

Notes / Activities
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Drivers for cleaning up manufacturing

Manufacturers may choose to implement clean technology for a variety of reasens,

m promofing positive impacts of the company’s products or services.

m  ensuring neutral impact or minimizing neaative impacts through conserving natural resources:
m reducing pollution and use of energy

m reducing wostoge of energy and resources: installing

Drivers for cleaning up manufacturing can be divided into 3 groups:

Social drivers Political drivers

- Communities create pressure as they - Legisiation for clean air - Governments offer
don’t want harmful industries and water fargets sef incentives such as tax relief
- Pressure groups and organizotions conditions on acceptable or subsides

Economic drivers

such os greenpeace help levels of pollution as wellas | - Manufacturers want to
communities understand the risks fimelines for complionce avoid penalties from toxes,
This can sormetimes force legislation to ete
be developed ond enacted
. -
The role of legislation

Outline how legislation can act as a driver for a company to clean up manufacturing

The role and scale of legislation are dependent upon the type of
manufacturing and the varied perspectives in different countries. The use of
international targets for reducing pollution and waste are difficult to gef all
nations fo agree on - as many nations are at different stages of economic

and social development, attitudes to the the environment, or placing more “(
value on economic gain than the environment.

Manufacturers react to the legislation by cleaning up there act or ignoring it

(this happens in some counfries as legisiation not be forced). Manufacturers
don't want to pay to clean up production as this cuts into profits.

However many countries have introduced stricter legislation this has proven

to increase the lead in exploring new clean technologies - with more efficient
processes, reduced pollution but also cost effective competitiveness.

The role of legislation

A Model for ‘Weak' (Porter) and ‘Strong’ (MIT)
Forms of the Regulation-induced Hypothesis

TECHNOLOGICAL
STIMULUS RESPONDER RESPONSE
. ————————
I [Regu(ahon | Pollution control —d * Polution control | Existing
T R e — industry | devices Process of
E \ L 4o Inputs Proguct
g A s /4 ¢ PrOCRSS Change | Regulation
T K Regulated fimn ¥« . Proguct
- T\ | refermulation
o 4 N —
N e
G P TCPTI T | Ni | | New
Other producers | !p:)wdm:gisces | Product or
0F PrOVIGBIS | or processes | Process
! —  A———————— Regutstion

Notes / Activities
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International targets

The Earth Summit- Rio 1992

The UN sought to help Govermments
rethink  sconomic  Gavelopment and Ina
ways 1o halt the destruction of

poliution of the planel.

The surmmd bas produced resulls, makng
eoo-afficlency & guiding principle  for
Busingss and povermmants sike

Alamativs sources of anergy am beng
sought to repkace the usa af fossi fuels

“Hew refance o0 pobiic  mnaportation
systermns i ocder M feduce vehicle
winssiong, conpestion i cbes and hHealth

The Kyoto Protocol 1907

The United Nations Framowork
Convention on Climate Change

An imermatonal Weaty that sels bindng
abhgabanl on industrialined countries 1o

insi of greenh ganes.
The traity wim agreed in 1997 and came
Ino force n 2005

Doveloped countnes have agmed 10
legally bmding bmstations/reductions  in
thewr emissions of greenhause gases
-Developing counines do not have binding
targets but are allll cormnitied 1o reduce
hime emissions

SACSONS 1N 10 reduoe AMIESIONS iINclude

The Copenhagen Accord 2009

AL pant of the 2000 Coponhagen
Wlnmdm
produced the Copernnagen Accord.

The Accord states that giobal warming
should be limited to below 2.0°C (18"
F) Thin may be sirergihened in 2015 with
# target 0 limit warming %o below 1 5°C

The Accord does not spocily what e
basaline is for thase Wwmparatura Sagets
(egrelatve o pre-ndusiral or 1950
lemmperatutes |

Accordel to the UNFCCC, tese targets
are relative 10 pre-indusing temparatures.

Notes / Activities

probiams caused by poluled alr and smog;
-Orealsr awareness of 3nd CONCEM wer  support for renewabia energy, Wmoroving

the growing scarcty of witor onorgy eofficiency. wnd fequcing
deforustation,
International targets
Paris Agreement 2016
15 & agroemant within tha Unitad N F G on Climata Change

(UNFCCC), deaing with greanh Q8% mitig

finance, sigudlnzow AaolFobvmrrZOZO al UNFCCC mambemfunmnzdbte
agreement, 189 have become party ta i, and the anly significant emitiers which are not
parties are van and Turkey.

The Pans Agreemant's long-1erm lamperatuna ot is 1o kaep T incraase in global
Avernge lemperature 1 wel below 2 *C above pre-industna levels; and to pursue
oorts to bnit the increass 10 1.5 "C, recognizing st s would substansaily reducs
the risks and impacts of cimale change

It &0 aims 10 increase the abilty of parties 10 adapt 10 e advarse mpacts of cimate
chanoa and make Tinanoce flows conmnl with aoonwmymlow greenhouse
gas and dimate-resil

Under the Parts Agreement, aach country must detamming, plan, and ragutarty eparnt an
v contribution that & undetakes 10 MBgsie gobal warming, No mechaniam foross 8
courtiry to set a specific emissions target by a specific date, but each target should go
beyand previously set targets.

I June 2017, US. annoutced i1 intsation o withdraw Bom the sgreement. Under the
agreement, the aariest affective date of withdrawal for she LS. is Navembar 2020

International targets

Reduction of sulphur in air emissions in Europe and Asia - reduction of air pollution could avoid as much
as 0.5°C of worming and prevent 2.4 milllon premature deaths from air pollution

- Strategic Approach fo Intarnational Chemicals Management: A voluntary, non-binding approach - its
global approach covers all agricultural and industrial chemicals throughout their life cycle

- Eliminating lead In fuels and paint through parinerships - Now that lead in cutomobile fuels has been
almost completety phased out, decorative paint is one of the largest sources of exposure to leod. They
are used in homes and schools, on furniture and toys, exposing children to this dangerous neuro-toxic
poliutant. As of Aprll 2017, regulation on lead paint Is In place in 65 countries. The Lead Paint Aliance is
working fowards the goal of having reguiation in place in all countries by 2020.

- Climate and Clean Air Coalition; A voluntary partnership model - This is defivered through 11 initiatives
targeting transformational change in household energy, cooling, bricks production, oll and gas
production, agriculture, fransport, solid waste, and national/local planning.

- Hedling the ozene layer - The czone treaties have ensured that to date more than 99 per cent of the
historic baseline levels of consumption and production of harmful ozone-depleting substances have
been phased out. As a result, the ozone layer is healing; it is expected to be restored by the middle of the
century. Health impects: Up to two milllion cases of skin cancer may be prevented each year by 2030.
Ecosystem Impacts: Averting dongerous climate change and reducing the exposure of wildiife and
ptants to ultraviclet ight will also have enormous benefits for ecosystem functioning.

Info Soken from
g Swedoss wed o itsrsamngndeZ0 500 118222 1 B00VUINEA wowsrdapeinlon long®20varace Web sdsegaoncos 1 SisARowil =y
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International targets

Air poluton Reguaticn Ureted Sates £ Agency regut ‘st betwen N
2004 and 2074 &z St wr polbton pesentivd benefits of batweent 5157 balien '
v ST77 ot (207149 grvoeth. Couto of amplermertation were estanated 10 1Y
S hetwenn 537 Silion and $44 Sdbon. This i » chewr mlication et henefts -y
Outweighed coots by @ S0 of af feast 410 1 (Workd Bank and lestitute Sor Haslth
Mairics snd §valuation 2016)

Av pothition The heatth wellme benelnx of moucing av pofuten in China In the period 2015
twhactnn 10 2008 werw setenated ot 51295 bflon (2019 prices). (e of ol 2010)

Spng emasant A review of Do fealth mpacts of SpENg emussons found that on ame (JU20)
englernerntation of & gobal low sulphur feef cap for ahipptng woudld prevent some
200,000 prematire deaths due 10 & reduction I 19aic fumes, Maindy in cosstal
communites i the dewsloping word (Seas of Mak 2076

L€
R

lk‘

environment
assembly

Fresthwater Acteas to chean Access 10 improved dirkng waler can ol sebuwtantial wellam gaine to many o Woup e bitatsamt
Ginking water and | Sewelepng tounirime. The Werkdd Health Organtation (2012) sxtimates e XTSI TN
carstation | banehts of awsided y bom I pocess deinking waner V) Aed 100N

10 ba 53 ballion per yeat (2015 prices) for sut> Sahanan Afnca, Asts (Tast, Scul,
South-East and West) Latin Amenca and e Cantean The Denefits of water
poluton control smourted 10 7 A Bilkon (2015 gricen). This includes sverted
mortakty fom unsale denking sater, acsemalty sffects from agricuitns, and

NGy

| | ey costs
i gt = Uganda, the benefms of strengening tha gove nance of chevmcats
and waste o for the wcior e tn be 1 90 bhilken over
of cammucaly the perivad 2011 10 2025 Crop yiold Qainn soe astimaied ut 20 per cemt I he
srmar Pos 2000

Redecton of glode | I glotial mercory emeesons coukd be reduced by ) per cent % 8 per cent

marcury emissions | beloee JU20 Se resahing preverrios of seter and fiah contamination, end
PO D SIOGNENt momen Bt Chiven, coukd resp globel eoonome: benwfes
of hetwewn $2.2 bilkan and $2.7 balon i 2030 (Sunctesth ot o 20100)

End of pipe technologies

End of pipe technologies represent the traditional approach
to pollution reduction and involve in addition of technology at
the end of the process to remove the pollutants from the
waste stream.

Materials removed from the waste stream are typically sent to
landfill site although some are recycled.

Many approaches can be taken - mechanical, biclogical and
chemical - however the best approach is to minimise the
waste stream and pollutants before they are generated.
Reduce emissions and waste soves on resourced in terms of
raw materials and energy requirements. Cleaner production
technologies also reduces the need for managing pollutants,
It's more economic viable to prevent any potential
environmental damaoge and deal with these issues at the
source rather than try to mitigate its effects after production,

Trash Trops

Carbon Copture

Incremental and radical solutions

Anincremental solution for dealing with waste is a gradual improvement of technologies or approaches to
manufacturing over time. While a radical solution is new and often untried approach.

Incremental sclufions Radical solutions

Advantoges s Able to explolt existing technologies; no s Opportunity fo innovate with associated
for need to deveiop naw scluticns benefite (patants, first to market, fewer
manwufacturers = Minimal chonges fo manufactunng competitors)
prcessas and fechnalogies. »  High potential for market growth
®  Respond lo some aspects of legisiation ®  Innowative appronches can develop new
quickey and efficiently technologies
s Lowrsk

s Improvement to compatitiveness

Dsadvorioges | 5 smoll changes need fo be made frequently = Research and development (RED) can be
ot n order to comply with new or eveiving costly and fengthy

manufacturers regulations, s Highievel of isk
s Low potentiol for market growth as the
marketplace is crowded with competitors
affering similar soiutions

W
Iersiun iy

Notes / Activities
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System level solutions Notes / Activities

System level solutions embraces the idea of a solution to the problem of peollution and waste as
a whole and is concerned with the interrelationship rather than individual elements. It helps
policy makers and energy planners understand the impacts of existing and proposed
legislation, policy, and plans on renewable energy development and deployment at the local,
sfate, regional and national levels,

Fovourable tax concessions may be offered to those industries that integrate pollution controls
into the process , reducing waste as oppesed to end-of-pipe technologies that deal with
pollutants at the end of a process.

System level solutions, like cradle-to-cradle design and circular economy solutions, are complex
and require participation from a range of stakeholders, some of who may have opposing
Interests,

Guiding questions

State the overall aim of Clean Technologies
1. Explain why international - rather than national - legislation and targets for

reducing pollution and waste are necessary
2. Explain why it is sometimes hard to get some countries to agree to lower their

emissions
3. OQutline the consequences to the environment of end-of-pipe technologies
4. OQutline the differences between end-of-pipe and clean technologies

Exam style questions

2018

10. Which of the following is an advantage of radical solutions to clean energy development?
A. Benefits from patenting new solutions

B. Quick response to legislation

C. Low levels of uncertainty

D. Limited investment required

2017

9. What is an advantage of incremental design?

A. No need to invest in large operational changes

B. Benefits from patenting new solutions

C. Provides competitive advantage by being first to market
D. Provides a response to a significant change in legisiation

2016

7. Although new environmental legislation can be highly disruptive, it can sometimes lead to benefits
for manufacturers.

What are the potential benefits of environmental legislation for a manufacturer?

|. Reduced energy costs

Il. Reduced material costs

Ill. Reduced waste

A. | only
B.land Il
C.lland Il
D. 1, Ihand Il

2018

11. What is both a driver ond ¢ barrier to clean technology adoption by manufacturers?
A. Market expectations

B. Legislation

C.Cost 36
D. Resaarch ond development




2019
3. Explain why end-of-pipe technologies may not be the most effective strategy to reduce pollution. (3)

5. The images show an incandescent light bulb on the left and a LED
bulb on the right. LED light bulbs typically use 75% less energy than
traditional incandescents, \

Outline why a company changing the lightbulbs it uses from [
Incandescent to LEDs would be considered an incremental solution E

(2 Marks) g

6. The iImage shows a diesel car with diesel fumes being emitted from the exhaust contributing to pollution
and greenhouse emissions

Outline why a car powered by hydrogen batteries would be considered a clean technology alternative
[2 Marks]

7. The image shows an Earthship home. Earthship homes generate their own resources such as fresh water,
electricity and heating, by using nature. Living in an Earthship also involves growing your own food
Explain how this might be considered an example of a radical sclution. [3 Marks]

8. The image shows the industrial chimneys from a factory emitting pollution into the air.
a. Outline why a filtration system added onto the chimneys would be considered an example of an
end-of-pipe technology. [2 Marks)
b.  Outline the limitations of implementing end-of-pipe technology as a method of reducing pollution
12 Marksl

Notes / Activities
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Notes / Activities

Topic 2.5. Green Design
12.5: Green Design

Essential |dea
Green design Integrates environmental considerations into the design of a product without compromising

its integrity.

Essentiol Understanding -

The starting point for many green products is to improve an existing product by redesigning aspects of it
to address environmental objectives. The iterative development of these products can be incremental or
radical depending on how effectively new technologies can address the environmental objectives. When
newer fechnologies are developed, the product can re-enter the development phase for further
improvement,

Aim
The purpese of green design Is to ensure a sustainable future for oll,

Principles and conceplts Guidance
« Strategies for green design « How strategies for green dasign offen involve a focus
{incremental and radical) on one or two anvironmental objectives when
« Green legislation designing or re-designing products
« Timescale to implement green design « How green legislation encourages incramental rather
« Drivers for green design (consumar than radical changes
pressure and legiskation) «  How envirenmental legislation has encouroged the
« Design objectives lor green products design of products that tackle specific environmental
« Strategies for designing green issues
products «  How design objectives for green products address
« The prevention principle three brood environmental categories— materials,
« The precautionary principle energy and pollution/waste

«  Evalucting products in terms of: consumption of raw
materlals; packoging, incorparation of toxic chemicals;
energy in production and use, end-of-life disposal;
production methods; and atmospheric pollutants

What strategies can you use as a designer

to accomplish a green design?

Green Design: Definition

Green design refers to the development of products to have a reduced impact on the
environment,

What are the strategies for green design

Sustainable products provide social and econoemic benefits
while profecting public health, welfare and the environment
throughout their life cycle—from the extraction of raw
materials to final disposal.

Most strategies for green design invelve focusing on one or
two environmental objectives when designing or re-designing
a product, for example, the use of recyclable materials,

Strategies can be radical and incremental, 38




Truong Thanh Fumdure Corpocation (TTFC) n Vietnam Truong Thanh i
a leading Vietnamess company in wood product manufactunng

-

Incremental strategies may focus onc

- Material: swatching to a non-toxic or more
sustainable, recyciable, environmentally
friendly material for the product

~-Manufacturing Process. Switching to
more sustainable processes that use less
energy and generate less waste

- Energy: Increasing the energy efficlency
of the praduct; switching fo more
sustainable, renewable energy sources

- Enginearing: Dasigning for disassembly;
Usa of standardized parls across the
product line fo reduce the need for many
different parts

This product was subyect o the following mprovements

e 40% of this product is now made from leflover wood from other
produchon processes

. Use of wood in the product has baen reduced

. All wood used has Forest Stewardshp Countil Certificats

o The BBO funcsons have been Increased and accessones added 1o incremental changes are lower risk

Increase the usabiity and therefore the value of the product because changes are smaller and

o The sze of detaled parts was reduced predictoble. These changes are offen

e The new bar is foldable for aasy transpon and storage driven by legisiation requirements or
financial considerations.

Radical strategles aims to make bold
changes in the design that lecp well ahead
of competitors, Because of the degree of
changed involved it is also described as
disruptive innovation.

Radical innovation involves greater risk as
success is not guaranteed.

Radical strategles may focus ont

- Completely changing the manufacturing
process

Cambodia recewves on average five solar hows a - The result is a completely new product or
day, 50 Karmworks saw the country's solar capacity as an opporiunity lor

service that meets the needs of the user in
local produchon of solar lighting products that fif the purchasing power of

rural househoids. Many people in Cambodia use kerosene fuel lamps as a jue -

# mobile light for purposes in - and outside the house. The hight s not B _ ~

very bright, the lamp cannol be used in windy or rasy conditions, and fuel Radical changes are higher risk, especiolly

costs are high For the Kamworks lighting peoject. the gonl was to provide N The eanly iterations because of the novel

& sustainable lighting solution for low-income rural households, the vast nafure of the design decisions, These

majority of which do not have access to the public elecincty gnd changes are offen dnven by a need 1o
innovate in arder fo enfer/creale a new
market or meef a new need.

Drivers for green design - Legislation

Legislation

Most legislation for minimizing or reducing environmental impact of products is based on a green
design approach. IY's effective because it usually involves incremental chonges to a design - makes
it relatively easy to implement. Example; catalytic converters for cars. The legislation encouraged
the design of

a product that tockled c specific environmental issue

Roised aoworeness of environmental issues is increasing legislation in many countries, This can lead
to financial penalfies on companies who do not demonstrate environmental responsibility. Many
people will not behave responsibly unless forced to do so, therefore, legislation forces the issue.

P—— /,—-‘, i == == =
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Notes / Activities
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Green Legislation Je s Notes / Activities
Eco-labelling is a legislated requirement within the EU. \ .

In 1992, it was introduced to certify products that strict criteria EY

related to production and disposal of manufactured geods. EBUIﬂbB'

An eco label is a trustworthy symbol that manufacturers can put on www.ecolabel.eu

the products they sell to demonstrate that they are genuinely
better for the environment than comparable products

The International Standards Crganisation - ISC has created
standards for labeling practices within the ISO 14000 schema. ISO
14020 to 14025 series deals with environmental labels and
declarations.

Consumer pressure

Demands and pressure by consumer groups can
also significantly influence a company’s decision
to adopt green design strategies.

Consumers may speak with their wallets, by only
purchaosing products that meet their
expectations. Consequently, companies may
implement green design solution in order fo meet
market demands and maintain market share.

As the public has become more aware of
environmental issues such as climate change,
pollution, and plastic waste, manufacturers listen
carefully to consumer demands.

Design objectives for green products relate to three broad environmental

categories: materials, energy and pollution/waste. Name detailed examples in
the table below.

Materials Energy Pollution and Waste

40




Strategies for designing green products Notes / Activities
1

Aimed ot reducing the impact of the
product on the environment.
Can include design for.
- longevity,
- disassembly,
- reduced waste,
Doengy. efﬁdency. O unulwurufuq
- dematerialization, y
- systems integration,
- recyclability and repair,
- reduced embodied energy gzoi Lowroact Use
3100 es ey g
The environmental impact of the szraagegies -

Phax manten Enhs 3t e

production, use and disposal of a product o v i s e

Uewgress ) i M KTOrne e

can be modified by the designer through =t
careful consideration at the design stage.

The Prevention principle and the precautionary principle

Two principles should gulde designers In how they make decisions:

The Prevention Principle The Precautionary Principle
The avoidance or minimization of waste production. The anticipation of potenticl probiems.
Dleslgoers shoukd endacvoy. 1o avok or misimize Designers should anticipate problems related o the
waste in all its forms with regards to the production, LIS N S SRR

. ) : N preduction, use and dispesal of their product and
.usa,mddiqusdofihemtpeslgnamdwld fokn Fhackiines 10 Aitlaate ae et thar i othe
maoke declsions In the design process thot strive to ol Heaianers Chotic ik Ghie §, inquire, predict

et . any negative environmental impocts of thelr
~ 7 s  designs—we cannot be complocent,
onpe Anromtis | T et
assessment tools can be: " =  UNCEDIn1892,
used by companies to assess ' ra- also known as the Rio
their operations foriskand ~ ® —— Earth Summit,

infroduce menagement systems fo protect the
‘health and safety of employees and minimise

The Prevention principle

Distributed Assessment of Chemical Hazards

Reporter #1 D8P | Psti ot | End of L0

DEP Procducer e '

Naag Chas Acten ey " ML RSO, hel ‘

ervIunmental emasen 553 645 %61

B o — t
*rvean STy ron

Reporter #2 g S B ol Mciagng Use

N ' manut sty Oa tribution
Toy Manufacturer "= === #’
- B VDt 0NNl e u posy Te
L ONLIME S rhaletyar Pre——
dermal
O e’

ouvp

Hazard assessment determines probable causes for injury and indicates
ways to eliminate the hazards. The example here shows risk in producing,

use and disposal of plastic products. 1




Discuss the implication of incremental and radical solutions

Explain how consumer pressure and legislation can drive Green design
Explain three design objectives for Green design

Discuss the differences between the prevention and precautionary principle
List how products can be evaluated fo measure how environmentally friendly
they are (how ‘green’)

usrpLON -

2017
4, Plan Toys is a company that markets itself on its environmental credentials. Figure 3 below shows their
production and distribution process. What best describes the company’s sustainability strategy?

Figure 3; The production and distribution process for Plan Toys

| 2 | o ade
- -

Ratowma,

feterey >
[—— o
A. The use of renewable resources B b e ]
B. The promotion of recycling -
C. Undertaking dematerialization “:.".: _',"::;;;:"_E :;:;::'_,2,
D. The use of product recavery Ry # et b ~
The st oty sent braoches
e saad tr Parkns oy
2016

9. Which principles would help a designer to reduce the environmental impact of a product?

|. Mechanical principle

II. Precautionary principle
IIl. Prevention principle
A.lonly

B.landll

C.lland lll

D lland Il

2018

Tefii) The objectives for Green design fall into three categories:

* materiols

* energy

* pollution and waoste.

Explain how the use of biopiastics in the Kuskoao Bi chair fit into one of these
categories. [3]

Specimen paper
4, Discuss why the use of thermoplastic renders a product green but not sustainable. [3]

5. The image on the left shows a closeup of a section of double glazing window. The space between the two
layers of glass helps to reduce the amount of heat transfer. A school decides to reploce cil the windows with
double glazing to reduce the amount of money spent on air conditioning,

Explain how this is an example of Incremental Green design. [3 Marks]

Notes / Activities




Topic 2.6. Eco Design potes  Aerivides
Essential Idea

Eco-design considers the design of a product throughout its fife cycle (from cradle to grave) using
lifecycle analysis.

Essential Understanding

Considerotion of the environmental impact of ony product, service or system during its life cycle
should be instigated at the earliest stage of design and continue through to disposal. Designers
should have a firm understanding of their responsibility to reduce the ecological impact on the
planet. Eco-design concepts currently have a great influence on many aspects of design.

The smart phone is an innovotive example of converging technologies that combines multiple
technologies info one space-soving davice, The resultant reduction of rnaterials, and energy used in
production and distribution hos environmental bengfits,

Principles and concepts

« Timescale for implementing eco-design

. The "cradle to grave" and “cradle to cradle” philosophy

. Life cycle analysis (LCA)

. LCA stages: pre-production; production; distribution including packaging; utilization
and disposal

. Environmental considerations

« Environmental impact assessment matrix

. Product life cycle stages: the role of the designer, manufacturer and user

. The major considerations of the United Nations Environmental Programme Manual
on Eco-design

. “Design for the environment” software

. Converging technologies

What is the difference between green design and eco design

The terms Graeen Design and Eco-Design have different characteristics,
particularly with regard to the timescale and complexity.

Focus is on the re-engineering of a Itis @ more complex approach to
design to reduce it's environmental sustalnabllity. Think *ecology”: The
impoct and increase its sustainability. design fifs into a system.
changes that are typically incremental  Clreular Economies, etc. are
In nature: switching 1o @ recycioble exarmples of eco-design. For

material, reducing energy in ‘designers, eco-design is mare than
manufactunng or use, increasing |ust using green materials. it
durability of the product, considers the entire lifecycie of the

Green Design typically focusesonone  product and its impacts.

or two environmental abjectives, such « Long timescale approach

as switching o sustainable materiols « More complex ond higher risk
or reducing energy usage.

43




Timescale for implementing eco-design

Eco design also known as Design for the
Environment,

In 2005 the EU issued an Eco-design directive that
obliges manufacturers to reduce energy
consumption and other environmental impacts that
might otherwise occur throughout the product life

cycle. An eco-design label is applied to products x * 4

that meet this directive. X X

Other factors which might influence the timescale: + *
e Cost : x

e Available technology
e Radical or whole system overhaul

Cradle to grave is o design philosophy
that considers the environmental effects
of a product all the way from
manufacture to disposal.

It is a key principle of the linear
economy.

Cradle to cradle is a design philosophy
that aims fo eliminate waste from
production, use and disposal of a
product. It centres on products which
are made to be made again.

It is a key principle of the circular
economy.

- What LCAis?
- List the stages of the LCA
arle Bahr

sad of Environmental
istainbility & Safety

Notes / Activities
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e pre-production;
o Incorporating the mining of raw materials, processing and transportation
e production
o Including energy requirements, waste, cooling and lighting
e distribution including packaging;
Counting fuels, emissions, inks, size and density
e tilization
Encompassing power requirements, maintenance and in-use emissions
e disposal
o Involving waste recovery, recycling, reuse and landfill
Environmental affects direct on indirectly in LCA include
- Climate change - reduction in water quality
Ozone depletion - alr contamination

- Soil contamination and erosion - depletion of finite resources
- Loss of biodiversity or habitat - noise pollution

Discuss the roles of the designer,
manufacturer and user at the
different stages of the a product's life

cycle.

A matrix simply provided a way of assisting with organising and presenting data for
analysis. The LCA environmental Impact assessment Matrix allows researchers to
identify, collect and value individual environmental impacts over the entire product life

Risk impact rating using 0 - 5 scale or Low, Medinm, High Impact

Pre-pruduciion Feoduction ENaLs i hat bom L tillsation Divpunal

Notes / Activities




|

In 1996 the United Nations released on Eco-design
manual also known as design for Sustainability (DfS).
The major concerns outlined in the document are
« reduce the creation and use of toxic materials
« increase recyclability
« reduce energy consumption
« increase use of renewable resources
« Iincrease product durability — reducing
planned obsolescence
« reduce material requirements for products
and services
The emphasis of the guidelines will vary depending
on the type of product io be designed and the target
market.

!

Design for the environment software is
used to assist designers in the
assessment of environmental implications
and particular parts of a design

Software such as Fusion or Solidworks
that:
e allows the designer to carry out
LCA
o selects materials and
manufacturing techniques thot
reduce environmental effects.
e runs scenarios that can minimize
materials
e optimise designs to get cost
eftective products that are
environmentally concerned

Smartphones are an example of a
converging technology

1. Define Converging Technology

2. Discuss the advantages and
disadvantages of converging
technologies - Consider the materiols
used to create it | energy consumption
disassembly | recyclability | portability ¢
the devices it incorporates

Notes / Activities
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Converging Technologies

Converting technologies is the & ° o
amalgamation of existing technologies into e
A : =]
new forms that create innovative products I
and systems that may offer greater Medicine
X g y F Implants and drug dehvery are becoming
convenience, efficiencies or entirely new smallor and moco efficient. Those include
. ) weargble mplants tha! send out dais via
features and functions not currently in wireleas recorders. Tracking devices that can
be bought off-ine shelf are now avallable with

existence, heart rate, colorie data, glucose levels, elc

Telocommunications

Modem lelecommumicabions systems  provide
better personal access, information, entertainment
all through one device on a single platiorm

Wearable Technology

Technology can be mnfegrated into fashion
products 1o give a vasl range of user
oxperionce. These include Bexible slectroncs.

Advantages Disadvantages

- if one technology fails could
lead to the other contacted tech
to fail as well

- increased functionality of a
device may lead to inefficient
use

- the converged tech may not
work as well as on its own e.g.
DVD player vs advd playerina
game console

Guiding questions

1. Explain the issues of timescale for implementing Green design

Outline an example of an environmental impact assessment matrix
Explain the stages of LCA

Explain design for environment software and how it can help eco design
Explain converging technologies and give examples

Discuss the differences between cradle to grave and cradle to cradle

- Asingle device with multiple
functions

- Eliminates the need to buy
multiple devices

- miniaturization of products
increase portability

- reduce the need for materials -
reduce cost and environmental
impact

LR S

Exam style questions

2019

6, Which three categories are focussed on in eco-design? Figure 4: A typical office chale
A. Materlals, energy and pollution/waste

B. Production, utilization and distribution

C. Price, quality and service

D. Product, place and price

Notes / Activities
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2016 Notes / Activities

8, Figure 4 shows a typical example of an office chair,
To design the chair the manufacturer decided to undertake life cycle anaiysis (LCA).

Which phases in the product life cycle would the designer consider in undertaking
LCA in relation to the design of the chair shown in Figure 47

A Marketing material, promotion, sales

B. Pre-production, production, distribution and packaging, utilization, disposal

C. Concept design, detail development, prototyping, manufacture

D. Density, conductivity, expansion, hardness

2017

28. What evaluates a product’s harmful impact on the environment?
A. Green design

B. Sustainable design

C. Life cycle analysis

D. Triple bottom line

2015
11. Which combination of “environmental impact” and “volume of production” characterizes a product category
that would benefit most from life cycle analysis?

'Environmental iImpact | Volume of production |
A Low High
B Low Low
c High High
o. | wen Low '
Specimen paper

6. Which phrase reflects the life cycle analysis of a product?
A. Cradle to cradle

B. Cradie to grave

C. Cradle to gate

D. Cradle to site

7.At which stage of the product life cycle would user attitudes and behaviours be likely to have greater impact
than those of the designer or the manufacturer?

A. Production

B. Distribution, including packaging

C. Utilization

D. Disposal

8. What aspect of eco-design does design for repair and maintenance optimize?
A. Production

B. Initial lifespan

C. Impact during use

D, End of life options

2017

1. Many homeowners are aware that they are using large quantities of electnicity.
This is not only costly, but is also harmful to the environment as much of it is
obtained from non-renewable sources.

Figure 1 shows Powerwall, a home battery developed by Tesla, an international
company with its Head Office in the United States. The Powerwall charges using
electricity generated from solar paneis, and powers the home in the evening. it
also protects the home against power outages by providing a backup electricity
supply.

The Powerwall can be easily installed either indoors or outdoors by a professional
electrician.

Tesla are well known for their development of batteries for motor cars
(automobiles). This is known as adaptation.

(a) {i) State one reason why the Tesla Powerwall needs to be easily accessible.
(1]

(i) Outline how the Powerwall can be seen as an example of eco-design. [2] 48




2017
4. Explain one advantage of a cradle to cradle philosophy over a cradle to grave philosophy. (3]

2016
3. Explain why a small company may not adopt life cycle analysis as a strategy for reducing the environmental impacts of

its products. [3]

Specimen paper
3. Explain how the use of “design for the environment” software assists designers in

choosing materials. 3]

Notes / Activities
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Topic 2

Resource management & sustainable production

2.1 Resource and reserves

Resource management and sustainable production carefully consider three key issues consumption of raw materials,
consumption of energy, and production of waste—in relation to managing resources and reserves effectively and making
production more sustainable. As non-renewable resources run out, designers need to develop innovative solutions to meet basic
human needs for energy, food and raw materials. The development of renewable and sustainable resources is one of the major
challenges of the 21st century for designers.

Resources

Resources are the stock or supply of materials that are available in a given context.

Renewable resources

A natural source which can replenish with time they make take place as energy or
commodities, some will require careful management i.e. plantation of timber; others are
deemed inexhaustible i.e. wind and solar.

Non-Renewable

A non-renewable resource (also called a finite resource) is a resource that does not
renew (replenish) itself at a sufficient rate for sustainable economic extraction, for
example, coal, petroleum, natural gas, fossil fuels, minerals and ores.

Comparison of renewable and
non-renewable resources

Renewable Resources Non Renewable Resources

1.) Are inexhaustible

2.) Are not affected by human activities
3.) Release less carbon emissions

4.) More expensive to implement.

eg. hydroelectric, geothermal, solar,
wind, tidal

1.) Resources are present in fixed and
limited quantities.

2.) Are exhaustible.

3.) Release more carbon emissions.

4.) Less expensive to implement.

eg. coal, timber, natural gas, oil, nuclear

Reserves A natural resource that has been identified in terms of quantity and guality.
Energy reserves are projected on the basis of geologic and engineering data and cannot
be obtained at present due to economic or technical reasons; i.e. mining of oil sands is
currently uneconomical due to current price structure.

Renewability Renewability relates to a resource that can be replenished over time or is inexhaustible,

for example wood from trees, and fresh drinking water Conserving resources and
technologies that improve energy efficiency.

Impact of development may have
on the environment

The impact of multinational companies when obtaining resources in different countries/
regions can be a significant issue for the local population and have major social, ethical
and environmental implications.

The development of renewable
and sustainable resources is one
of the major challenges of the
21st century for designers.

The economic and political importance of material and land resources and reserves
considering set-up cost, efficiency of conversion, sustainable and constant supply, social
impact, environmental impact and decommissioning
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2.2 Waste mitigation strategies

Waste mitigation strategies can reduce or eliminate the volume of material disposed to landfill. The abundance of resources and
raw materials in the industrial age led to the development of a throwaway society, and as resources run out, the many facets of
sustainability become a more important focus for designers. The result of the throwaway society is large amounts of materials
found in landfill, which can be considered as a new source to mine resources from.

Waste mitigation strategies The abundance of resources and raw materials in the industrial age led to the
development of a throwaway society, and as resources run out, the many facets of
sustainability become a more important focus for designers. The result of the throwaway
society is large amounts of materials found in landfill, which can be considered as a new
source to mine resources from.

Waste mitigation strategies can reduce or eliminate materials directed to landfill. The
prevention, monitoring and handling of waste, coming up with solutions to deal with
pollution and waste

Re-use Reuse of the same product in same context or a different context
Examples include Water Bottles, Plastic Bags, Glass Bottles, Toothbrush, Clothes

Repair The reconstruction or renewal of any part of an existing structure or device. To
mend/restore/service faulty equipment, the life-cycle of many products

is designed so that they/or parts deteriorate over time.

Examples: Washing machine belt, Shoe sales, Lightbulb, Cars - bumpers, lights, Fix an
inner tube on a bicycle

Re-engineer To redesign compenents or products to improve their characteristics or performance.
(speed, energy consumption). Examples include F1 cars - where aerodynamics is
changed (shape) or lighter new materials used

Recycle Recycling refers to using the materials from obsolete products (waste)
to create other products. Examples include Glass, Paper, Aluminium
cans, Thermoplastics, Newspaper

Recondition Rebuilding a product so that it is in an "as new" condition, and is generally used in the
context of car engines and tyres. Examples include car engines, tyres, bearings, etc

Dematerialisation Reducing the quantities of materials trying to “do more with less” Locking at the
constraints of the materials we use, through reduction and reuse of materials. Examples
include the changes made to the new Mac Pro vs the old Mac Pro version.
Dematerialization improves product efficiency by saving, reusing or recycling materials
and products. It impacts on every stage of the product life cycle: in material extraction;
eco-design; cleaner production; environmentally conscious consumption patterns;
recycling of waste. It may mean smaller, lighter products and packaging; the replacement
of physical products by virtual products (email instead of paper, web pages instead of
brochures); home working, and so on.

Methodologies for waste Looking into the current management of waste (i.e landfill, incineration) and pollution (i.e.
reduction noise, air pollution).

e  Developing new bio-fuels, self-decompasing materials, building products from
recyclable materials, reconditioning products and building products with a
“cradie to cradle” life-cycle.

e  Making consumers and manufacturers aware of pollutants and the effect on the
environment, passing acts/legislation to ban/reduce these pollutants i.e. the EU
“Take Back" program and the US "Clean Air Act” Eco-labeling products for
CONsumer awareness.

e  Following ISO (International standards organisations) 14000 a network of
national standards spanning the globe, addressing environmental issues.
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Methodologies for designing out

waste

-The prevention, monitoring and handling of waste, coming up with solutions to deal
with pollution and waste.

-Product recovery strategies at end-of-life/disposal

-Energy from waste, reuse of parts of products, recycling from parts of products.
~Circular economy-the use of waste as a resource within a closed loop system
-Environmentalists have a large influence on product marketability, designers and
manufactures often work together to design products which are deemed as
Green/Environmentally friendly.

Product recovery strategies
Recycling

Recycling refers to using the materials from obsolete products to create other products.

Product recovery strategies
Raw material recovery

The processes of separating the component parts of a product to recover the parts and
materials.

Product recovery strategies
WEEE Recovery

WEEE is a complex mixture of materials and components from electrical products that
because of their hazardous content, and if not properly managed, can cause major
environmental and health problems.

Product recovery strategies
Energy recovery

Waste-to-energy (WtLE) or energy-from-waste (EfW) is the process of generating energy
in the form of electricity and/or heat from the primary treatment of waste. WtE is a form
of energy recovery. Most WtE processes produce electricity and/or heat directly through
combustion, or produce a combustible fuel commodity, such as methane, methanol,
ethanol or synthetic fuels.

Product recovery strategies
Standard parts at the end of
product life

Reduction of total material and energy throughput of a product or service, and the
limitation of its environmental impact through: reduction of raw materials at the
production stage; energy and material inputs at the user stage; waste at the disposal
stage

Life Cycle Analysis (LCA)

Life-cycle assessment (LCA, also known as life-cycle analysis) is a technigue to assess
environmental impacts associated with all the stages of a product's life from cradle to
grave (i.e, from raw material extraction through materials processing, manufacture,
distribution, use, repair and maintenance, and disposal or recycling).

Circular economy—the use of

waste as a resource withina
closed loop system

An economy model in which resources remain in use for as long as possible, from which
maximum value is extracted while in use, and the products and materials are recovered
and regenerated at the end of the product life cycle.

External drivers and
social change

Increasing supply chain pressure

Public opinion

Energy costs

Waste charges

Take-back legislation

The obligation to provide environment-related information
Norms and standards

Eco-labelling schemes

Subsidies

Environmental competition

Environmental requirements in consumer tests
Environmental requirements for design awards
Increasing cooperation with suppliers
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2.3 Energy Utilisation, Storage and Distribution Waste mitigation
strategies

There are several factors to be considered with respect to energy and design. Efficient energy use is an important consideration
for designers in today’s society. Energy conservation and efficient energy use are pivotal in our impact on the environment. A
designer’s goal is to reduce the amount of energy required to provide products or services using newer technologies or creative
implementation of systems to reduce usage. For example, driving less is an example of energy canservation, while driving the
same amount but with a higher mileage car is energy efficient.

Energy utilization, storage and
distribution

Efficient energy use is an important consideration for designers in today's society.
Energy conservation and efficient energy use are pivotal in our impact on the
environment. A designer’s goal is to reduce the amount of energy required to provide
products or services using newer technologies or creative implementation of systems to
reduce usage. For example, driving less is an example of energy conservation, while
driving the same amount but with a higher mileage car is energy efficient.

Embodied energy

The embodied energy in a product accounts for all of the energy required to produce it. It
is a valuable concept for calculating the effectiveness of an energy-producing or
energy-saving device.

Distributing energy: national and
international grid systems

The way in which electricity is distributed along the grid and the energy loss involved
from small source collection and delivery, to large scale and the effect on the
environment.

Local combined heat and power
(CHP)

Combined heat and power (CHP) is an efficient and clean approach to generating electric
power and useful thermal energy from a single fuel source. CHP is used either to replace
or supplement conventional separate heat and power (SHP). Instead of purchasing
electricity from the local utility and burning fuel in an on-site furnace or boiler to produce
thermal energy, an industrial or commercial facility can use CHP to provide both energy
services in one energy-efficient step. Advantages of CHP include:

-Reduced energy costs versus separate heat and electrical generation systems
-Reduced emissions versus separate heat and electrical generation systems

-Where the capture and use of waste heat is not viable, many industrial facilities may
still benefit financially via distributed generation (DG)

Systems for individual energy
generation

Systems for individual energy generation such as microgeneration includes the
small-scale generation of heat and electric power by individuals, small businesses and
communities to meet their own needs, as alternatives or supplements to traditional
centralized grid-connected power. E.g. solar power, wind turbines or biogas rainwater
harvesting, compost toilets and greywater treatments among others.

Quantification of carbon
emissions: Measuring

record carbon emissions

discover how much is being produced
discover who/ where it is produced
track your carbon footprint

Mitigation of carbon emissions:
Reducing

Humans intervention in the reduction of carbon emissions
These contribute to global warming

Resulting in melting polar caps, rising seas, desertification,
provide ‘Sinks’ that can reabsorb carbon emissions

A 'Sink' are forests, vegetation or soils.

Batteries, capacitors and
capacities considering relative
cost, efficiency, environmental
impact and reliability.

An electric battery is a device consisting of two or more electrochemical cells that
convert stored chemical energy into electrical energy. Batteries and other electronic
components (capacitors, chips, etc) have had a great impact on the portability of
electronic products and, as new technologies are developed, they can become more
efficient and smaller. Batteries are made from important resources and chemicals,
including lead, cadmium, zinc, lithium and mercury. It's important to understand the
effects of your decisions as batteries are categorised into High, Medium and Low
through the use of a sustainable lens (charging, impact on eco-system, etc).
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2.4 Clean Technologies

Clean technology seeks to reduce waste/pollution from production processes through radical or incremental development of a
production system. Clean technology is found in a broad range of industries, including water, energy, manufacturing, advanced
materials and transportation. As our Earth's resources are slowly depleted, demand for energy worldwide should be on every
designer's mind when generating products, systems and services. The convergence of environmental, technological, economic
and social factors will produce more energy-efficient technologies that will be less reliant on obsolete, polluting technologies.

Clean Technology Products, services or processes that reduce waste and require the minimum amount of
non-renewable resources. Clean technology is found in a broad range of industries,
including water, energy, manufacturing, advanced materials and transportation. As our
Earth's resources are slowly depleted, demand for energy worldwide should be on every
designer's minds when generating products, systems and services. The convergence of
environmental, technological, economic and social factors will produce more energy
efficient technologies that will be less reliant on obsaolete, polluting technologies.

Drivers for cleaning up Manufacturers may respond to current or impending legisiation or pressure created by

manufacturing the local community and media. The reasons for cleaning up manufacturing include:

° promoting positive impacts

e  ensuring neutral impact or minimizing negative impacts through conserving
natural resources

e  reducing pollution and use of energy

e  reducing waste of energy and resources

Breakdown of environmental

problems products can cause and - -
their geographical scale Geographical scale Types of environmental problem

Noise, smell, air pollution, soil and water
Local .
pollution
Soil and water over-fertilization and
Regional pollution, drought, waste disposal, air
pollution
’ Pollution of rivers, regional waters and
Fluvial
watersheds
: Ozone levels, acidification, winter smog,
Continental
heavy metals
Global Climatic change, sea level rise, impact on
the ozone layer
Legislation The role and scale of legislation are dependent upon the type of manufacturing and the

varied perspectives in different countries. Consider how legislation provides an impetus
to manufacturers to clean up manufacturing processes and also how manufacturers
react to legislation. Manufacturers may respond to current or impending legislation or
pressure created by the local community and media.

Governments, politicians and businesses have to consider the effects of manufacturing
on the environment In recent years raised awareness of environmental issues is
increasing pressure on governments to introduce or comply with legislation regarding
environmental issues. These requirements bind companies to legislation and if these
requirements are not met then financial penalties can be imposed.

55




International targets for reducing
pollution and waste

Sometimes, agreements are made at an international or continental level to create
targets for reducing pollution and waste. These agreements are usually discussed and
agreed upon at international summits and meetings. Often conflicts and disagreements
arise between countries trying to decide caps or limits on poliution or waste making
agreements or settlements difficult to achieve. Some countries may be more affected by
such limits than others, and feel that their economy or the profits of companies will
suffer as a result Some recent agreements include Kyoto Protocol, Montreal Protocol and
the Carbon Trading Scheme.

End-of-pipe technologies

An initial response to reducing the emission of pollutants and creation of waste is adding
clean-up technologies to the end of the manufacturing process. This is called an
end-of-pipe approach. Technology that is used to reduce pollutants and waste at the end
of a process. This can entail the treatment of water, air, noise, solid or toxic wastes.
Some examples of this approach include: Carbon Capture, Filtration systems,
Composting and Catalytic Converters on vehicles

Incremental solutions Radical solutions

Products which are improved and | Where a completely new product is

developed over time leading to new | devised by going back to the roots of a

versions and generations. problem and thinking about a solution in
adifferent way.

System level solutions

A System level solution embraces the idea of a solution to the problem of pollution and
waste as a whole and is concerned with the interrelationship rather than individual
elements. It helps policymakers and energy planners understand the impacts of existing
and proposed legislation, policy, and plans on renewable energy development and
deployment at the local, state, regional, and national levels.

Agreements are made at an international or continental level to create targets for
reducing pollution and waste. These agreements are usually discussed and agreed upon
at international summits and meetings. Often conflicts and disagreements arise
between countries trying to decide caps or limits on pollution or waste making
agreements or settlements difficult to achieve. Some countries may be more affected by
such limits than others, and feel that their economy or the profits of companies will
suffer as a result.
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2.5 Green Design

Green design integrates environmental considerations into the design of a product without compromising its integrity. The
starting point for many green products is to improve an existing product by redesigning aspects of it to address environmental
objectives. The iterative development of these products can be incremental or radical depending on how effectively new
technologies can address the environmental objectives. When newer technologies are developed, the product can re-enter the
development phase for further improvement.

Green Design

The product- role of designer: The starting point for many green products is to improve
an existing product by redesigning aspects of it to address environmental objectives. The
iterative development of these products can be incremental or radical depending on how
effectively new technologies can address the environmental objectives. When newer
technologies are developed, the product can re-enter the development phase for further
improvement.

Green legislation

Laws and regulations that are based on conservation and sustainability principles,
followed by designers and manufacturers when creating green products.

Green legislation often encourages incremental, rather than radical approaches to green
design. Sustainable products provide social and economic benefits while protecting
public health, welfare and the environment throughout their life cycle—from the
extraction of raw materials to final disposal.

Incremental innovation is sometimes referred to as continuous improvement, and the
business attitude associated with it is ‘inside-the-box’ thinking. A simple product may be
improved (in terms of better performance or lower costs) through the use of higher
performance components or materials. A complex product that consists of integrated
technical subsystems can be improved by partial changes to one level of a sub-system.
Incremental innovations do not involve major investments or risks. User experience and
feedback is important and may dominate as a source for innovation ideas

Radical innovation involves the development of new key design elements such as
change in a product component combined with a new architecture for linking
components. The result is a distinctively new product, product-service, or product
system that is markedly different from the company’s existing product line. A high level
of uncertainty is associated with radical innovation projects, especially at early stages.

Timescale to implemnent green
design

Often, legislation requires governments and manufacturers to comply over many years.
This can be beneficial to companies and manufacturers as they can adopt incremental
approaches to green design therefore minimising the cost, however some environmental
concerns, for example carbon dioxide reduction and climate change require immediate
action.

Legislation

Environmental legislation has encouraged the design of greener products that tackle
specific environmental issues, for example, eliminating the use of certain materials or
energy efficiency.

Incremental changes to a design and as such is relatively easy to implement, for
example, legislation relating to the use of catalytic converters for cars. The timescale for
implementing green design is relatively short (typically 2-5 years) and therefore
cost-effective.

Consumer Pressure

The public have become aware of environmental issues through media focus on issues
such as the destructive effect of chlorofluorocarbons on the ozone layer; acid rain in
Northern European forests and the nuclear accident at Chernobyl. Increased public
awareness has put pressure on corporations and governments.

CFCs were the ideal refrigerants during their time. They were nonflammable, non
corrosive, nontoxic, and odarless. Used consumer products during the 70s and 80s, such
as refrigerators, cleansing products, and propellants. CFC's were found to be destructive
to the Ozone layer.
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Drivers for green design
(consumer pressure and
legislation)

Drivers for green design include consumer pressure and legislation, among others.
Environmental legislation has encouraged the design of greener products that tackie
specific environmental issues, for example, eliminating the use of certain materials or
energy efficiency. Unfortunately, many companies value short term profit and value for
shareholders over the impact of their activities on the environment. Some companies
lobby governments so that they can be exempt from legisiation, or to try and persuade
them to ‘water down’ legislation. Sometimes consumer pressure can be just as effective
as legislation. Through social media, the bad behaviour of companies can be exposed
quickly, reach a wider audience and consumers can decide as a large group to boycotta
company. Social media has allowed the influence of consumers to grow exponentially.
This can hurt a company's profits greatly, persuading them to clean up their act.

Design objectives for green
products

Design objectives for green products will often address three broad environmental

categories.
e Maternials
e Energy

e Pollution/Waste
These objectives include:
1. increasing efficiency in the use of materials, energy and other resources;
2. minimizing damage or pollution from the chosen materials
3. reducing to a minimum any long-term harm caused by use of the product
4. ensuring that the planned life of the product is most appropriate in
environmental terms and that the product functions efficiently for its full life

5. taking full account of the effects of the end disposal of the product

6. ensuring that the packaging and instructions encourage -efficient and
environmentally friendly use

7. minimizing nuisances such as naise or smell

8. analysing and minimizing potential safety hazards

9. minimizing the number of different materials used in a product

10. labelling of materials so they can be identified far recycling.

When evaluating product sustainability, students need to consider:
raw materials used

packaging

incorporation of toxic chemicals

energy in production and use

end-of-life disposal issues

production methods

atmaospheric pollutants.

NOWEWN =

Strategies for designing Green
Products

The environmental impact of the production, use and disposal of a product can be
modified by the designer through careful consideration at the design stage. When
designing Green product consideration must be made for:
. raw materials used
packaging
incorporation of toxic chemicals
energy in production and use
end-of-life disposal issues
production methods
atmospheric pollutants.

Materials How much damage is done to the environment in extracting the raw material?
How much energy is needed to process this material?
How long will this material last/will it damage easily?
Can this material be recycled?

Energy How can | reduce the amount of energy required to manufacture this product?

How can | reduce the amount of energy required to use this product?
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Pollution/Waste

What is likely to happen to this product when it is obsolete?

How can | reduce the chances of this product ending up in landfill or sent to incineration?
How can | increase the chances of this product being repaired, reused or recycled?

How can | reduce the amount of pollution given off by this product?

The prevention principle

The avoidance or minimization of hazards and waste. It aims to address the
occupational health and safety concerns through each stage of the product life cycle.

A number of risk assessment tools can be used by companies to assess their operations
for risk and introduce management systems to protect the health and safety of
employees and minimise waste,

Knowledge based

Actual risk of causing harm can be assessed

Occurrence of damage is probable if no measure is taken

Regulation emission framework defines substantial criteria (eg. emissions
thresholds)

e Definition of acceptable risk is primarily science based

The precautionary principle

The anticipation of potential problems in relation to the environmental impact of the
production, use and disposal of a product. The precautionary principle permits a lower
level of proof of harm to be used in policy-making whenever the consequences of
waiting for higher levels of proof may be very costly and/or irreversible.

Uncertainty

Risk cannot be calculated and is only a suspected risk of causing harm
Occurrence of damage is uncertain and cannot be predicted clearly
Regulation through procedural requirements

Social acceptance of the risk is considered
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2.6 Eco Design

Eco-design considers the design of a product throughout its life cycle (from cradle to grave) using lifecycle analysis. Efficient
energy use is an important consideration for designers in today's society. Energy conservation and efficient energy use are
pivotal in our impact on the environment. A designer's goal is to reduce the amount of energy required to provide products or
services using newer technologies or creative implementation of systems to reduce usage. For example, driving less is an
example of energy conservation, while driving the same amount but with a higher mileage car is energy efficient.

Eco Design Eco-design is a more comprehensive approach than green design because it attempts
to focus on all three broad environmental categories—materials, energy and
pollution/waste. This makes eco-design more complex and difficult to do.

Impact of internal and external

drivers for eco-design from an e  dri ; desi Ext I dri fo desi
economic perspective nternal drivers for eco-design ernal drivers for eco-design

Manager's sense of responsibility Government

The need for increased product quality Market demand

The need for a better product and

> Social environment
company image

The need to reduce costs Competitors
The need for innovative power Trade organisations
The need to increase personnel .
e Supplies
motivation
Cradle to grave Cradle to grave design considers the environmental effects of a product all of the way
from manufacture to use to disposal
Cradle to the Gate Cradle to cradle design is a key principle of the circular economy. Cradle to Cradle® (C2C)

is a holistic approach to design popularized by Professor Michael Braungart and William
McDonough, Braungart and McDonough offer Cradle to Cradle® certification to products
that measure up to the standards they set. According to their website: “The targetis to
develop and design products that are truly suited to a biological or technical metabolism,
thereby preventing the recycling of products which were never designed to be recycled in

the first place!

Cradle to the Gate Cradle to the Gate (Cradle-to-gate is an assessment of a partial product life cycle from
resource extraction (cradle} to the factory gate (i.e., before it is transported to the
consumer).

Life Cycle stages: Make sure you are able to assess the environmental impact of a given product over its

life cycle through LCA (Life Cycle Assessment)-Pre-production, Production, Distribution
including packaging, Utilization and Disposal. The complex nature of LCA means that it
is not possible for a lone designer to undertake it and a team with different specialism is
required, LCA is complex, time-consuming and expensive, so the majority of eco-designs
are based on less detailed qualitative assessments of likely impacts of a product over its
life cycle. The simplest example is the use of a checklist to guide the design team during
a product’s design development stages.

UNEP Ecodesign Manual In 1996 the United nations released an Eco-design manual also known as Design for
Sustainability (D4S). The major concerns outlined in the UNEP Ecodesign Manual were
to:

» increase recyclability

> reduce energy requirements




maximise use of renewable resources

reduce creation and use of toxic materials

reduce material requirements of goods and services

increase product durability and reduced planned obsolescence

Step 1:
Creating the team and
planning the project

Step 6:
Developing a DAS strategy
and design brief

Step 2:

SWOT analysis, drivers and
goals for the company Step 7:

Idea generation and

selection

Step 3:

Product selection
Step 8:

Concept development

Step 4:
DA4S drivers for the
selected product Step 9:

D45 evaluation

Step 5:

D4S impact assessment
Step 10:
Implementation and
follow-up

Design for the environment
software

CAD Software that allows designers to perform Life cycle analysis (LCA) on a product and
assess its environmental impact.

Product life cycle stages: the role
of the designer, manufacturer
and user

The roles and responsibilities of the designer, manufacturer and user at each stage of the
product life cycle can be explored through LCA. LCA identifies conflicts that have to be
resolved through prioritization. It is not widely used in practice because it is difficult,
costly and time-consuming. it is targeted at particular product categories—products
with high environmental impacts in the global marketplace, for example, washing
machines and refrigerators. However, in the re-innovation of the design of a product or
its manufacture, specific aspects may be changed after considering the design objectives
for green products, such as selecting less toxic materials or using more sustainable
sources, A product may be distributed differently or its packaging may be redesigned.

Environmental impact
assessment matrix

Environmental considerations include water, soil pollution and degradation, air
contamination, noise, energy consumption, consumption of natural resources,
pollution and effect on ecosystems

Converging technologies

The synergistic merging of nanotechnology, biotechnology, information and
communication technologies and cognitive science. A typical example of converging
technology is the smart phone in terms of the materials required to create it, its energy
consumption, disassembly, recyclability and the portability of the devices it incorporates.
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Topic Questions &
Exam Practice




Exam Practice Questions

(a) State how “end-of-pipe” relates to clean manufacturing,. [1]

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

(b) Explain one reason why many manufacturers may take an incremental approach to
the adoption of clean technology. [3]

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

(1) Cutline what i1s meant by “the bamboo timber coming from a sustainable
resource”. 2]
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Figures 7a and 7b show the Bladefish BF 3000 diving aid. It is designed for relatively
inexperienced divers as the maximum depth of use is 30m and the maximum speed is

4 25km/h. The Bladefish can be used for 40 minutes before recharging which takes an hour
to charge to 80 % capacity. The Bladefish has a 200 W power rating from an 18V lithium

ion battery. It measures 38cm x 36cm x 16cm and weighs 4.4kg. Figure 8 shows the
Bladefish packed in a standard suitcase.

Figures 7a and 7b: Bladefish diving aid

Figure 8 : Bladefish packed in luggage

(i) Cutline one disadvantage of the Bladefish in relation to green design. [2]
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Figure 6 shows the Biolite camp stove, an award-winning camping stove which aiso provides
electricity to charge small devices, such as mobile (cell) phones or LED lights. The stove
uses biomass fuel such as twigs or pine cones with 469 of wood required to boil 1 litre of
water which takes 4.5 minutes to boil. The stove can also be used with recycled wood
pellets. The stove provides 3.4 kW at low power up to 5.5kW at high power with 20 minutes
of charging sufficient for 60 minutes of talk time on a phone. It weighs 935g (330z) and the

packed size is 21cm x 12.7cm.

Figure 6: Biolite stove

(i} State one disadvantage of the Biolite stove in relation to green design. [1]

(b) Explain one reason why many approaches to clean manufacturing tend to be incremental. /3]

(1)  Outline the life cycle stage of a life cycle analysis (LCA) in which a car has most
impact on the environment. [2]
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Figure 6 shows a small plate and bowl which are part of the Vegware range of tableware.
The disposable products are made mainly from compositable bagasse. These particular
plates are made entirely. not mainly, from bagasse. All Vegware products are compostable,
not ‘compositable’. Regarding mass customization: the bagasse range has very limited print
options, but can be embossed. The products are more rigid than paper plates and bowls and
are suitable for hot, wet and oily foods. The small plate costs UK£3.92 for a pack of 50 or
UK£22.61 for a pack of 500 (2013).

Figure 6: Vegware plate and bowl

Evaluate the environmental effects of the Vegware tableware mn relation to the
production, distnbution and disposal stages of its product hfe cyele. 9
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Figure 3 shows the MK2 Trans Furniture table. It can be used as a coffee table or as a
dining table to seat 6 people or as a large desk. It 1s transformed from a coffee table into a
table or desk in two easy moves. The MK2 table 1s made from a steel alloy and 1s available
with a variety of different coloured surface finishes. A similar version of the MK2 table 1s
made from plywood, also with a variety of different surface finishes.

Figure 3: MK2 Trans furniture steel alloy table

(1) Explain why the MK2 steel table may contribute to a green design policy. [3]

Figure 4 shows the Viber Burst kinetic phone charger concept designed by Australian design
student Josh Pell. The charger has various surface designs and could be worn as a piece
of jewellery or stored in a handbag or pocket. The Viber Burst has been designed to store
energy created by body movements and to have a very long life cycle compared to chemical
battery technology, which loses capacity to recharge in a relatively short life cycle time.
The Viber Burst is designed to be made from a thermoplastic material which 1s heat resistant
and moisture resistant.

Figure 4: Viber Burst phone charger

-

(11) Outline why the charger can be considered a combination of radical and
incremental design. [2]

(b) (1) Outline one green design objective satisfied by the charger. 2]

67




9.  Figure 6 shows a traditional design of a wooden pencil manufactured by the German company
Faber-Castell. Faber-Castell have manufactured wooden pencils since 1761. The softwood
casing is bonded to the graphite lead with epoxy resin glue. Although wooden pencils are
very cheap nowadays, they were extremely expensive in 1761. Since 1761 the company
has expanded its range of pencils to include ones with integrated sharpeners and erasers,
cosmetic pencils and mechanical pencils. Figure 7 shows a solid silver mechanical pencil
from the Faber-Castell range. The silver casing has a space for a name to be engraved on it.
It 1s an internationally-agreed legal requirement that all solid silver products are hallmarked.
A hallmark identifies the manufacturer, the date and place of manufacture. and the silver content.

Figure 6: Faber-Castell wooden pencil  Figure 7: Faber-Castell solid silver mechanical pencil

[Used with permission from Faber-Castell] [Used with permission from Faber-Castell]

(a) (1) Outline one way in which the silver pencil may be considered a green product. 2]

(a) Outline one reason why hardwood timber may be considered as a non-renewable resource. /2]
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Figure S shows the Minima office bottle and can crusher manufactured by Reduit. The outer
casing 18 made from a thermoplastic material. Inside the casing, metal plates are powered
by an electric motor to crush plastic bottles and steel or aluminium cans to 20% of their
original size. The crushed cans/bottles then drop into a plastic bag. The crusher is operated
by pressing a button on the top surface which also has a digital screen to show how much
carbon might have been saved each time it 1s used.

Figure 5: Minima Office Bottle/Can Crusher

4

Explain three limitations of the Minima as an environmentally friendly product. [9]
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4. Figure 3 shows shoes made by the company Terra Plana. The traditional shoe-making
industry 1s not usually environmentally-friendly as: chemicals are used for treating leather;
glues are toxic; the process of manufacture 1s energy intensive. Where possible the parts of
the Terra Plana shoe are stifched together rather than glued but if gluing 1s necessary then
water-based glue 1s used and all dyes are non toxic. However, some shoes feature a lightweight,

glueless, changeable sole. The material used for the inner lining of the shoe is made from
recycled plastic bottles.

Figure 3: Terra Plana shoes

(1) Daiscuss the concepts of reuse, repairr and recycling in relation to the
Terra Plana shoes. [9]
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Glossary of Terms

Topic 2 : Resource management and sustainable production

Term
Circular economy

Clean technology

Combined Heat
and Power (CHP)
Converging
technologies
Cradle to cradle

Cradle to grave
Dematerialization

Design for the
environment

software
Eco-design

Embodied energy
End-of-pipe
technologies
Energy
distribution
Energy storage
Energy utilization
Green design

Green legislation

Incremental
solutions
Individual energy
generation
Legislation

Life cycle analysis
(LCA)

Definition

An economy model in which resources remain in use for as long as
possible, from which maximum value is extracted while in use, and the
products and materials are recovered and regenerated at the end of the
product life cycle.

Products, services or processes that reduce waste and require the
minimum amount of non-renewable resources.

A system that simultaneously generates heat and electricity from either
the combustion of fuel, or a solar heat collector.

The synergistic merging of nanotechnology, biotechnology,
information and communication technologies and cognitive science.

A design philosophy that aims to eliminate waste from the production,
use and disposal of a product. It centres on products which are made to
be made again.

A design philosophy that considers the environmental effects of a
product all of the way from manufacture to disposal.

The reduction of total material and energy throughput of any product
and service.

Software that allows designers to perform Life cycle analysis (LCA) on a
product and assess its environmental impact.

A design strategy that focusses on three broad environmental
categories - materials, energy, and pollution/waste.

The total energy required to produce a product.

Technology that is used to reduce pollutants and waste at the end of a
process.

The method with which energy is transported from a source to where it
is used.

The method with which energy is stored for later use.

The method with which energy is used.

Designing in a way that takes account of the environmental impact of
the product throughout its life.

Laws and regulations that are based on conservation and sustainability
principles, followed by designers and manufacturers when creating
green products.

Products which are improved and developed over time leading to new
versions and generations.

The ability of an individual to use devices to create small amounts of
energy to run low-energy products.

Laws considered collectively to address a certain topic.

The assessment of the effect a product has on the environment
through five stages of its life: pre-production; production; distribution
(including packaging; utilization; and disposal.
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An economy based on the make, use, dispose model.

CHP plants that generate heat and power for a local community - the
plant is close enough to the community so that the heat generated can
be dispersed through the community efficiently.

An electrical supply distribution network that can be national or
international. International grids allow electricity generated in one
country to be used in another.

A natural resource that cannot be re-made or re-grown as it does not
naturally re-form at a rate that makes its use sustainable, for example,
coal, petroleum and natural gas.

Also known as the product life cycle, it is a cycle that every product
goes through from introduction to withdrawal or discontinuation.

The processes of separating the component parts of a product to
recover the parts and materials.

Defining numerically the carbon emissions generated by a particular
product

Where a completely new product is devised by going back to the roots
of a problem and thinking about a solution in a different way.
Rebuilding a product so that it is in an “as new” condition, and is
generally used in the context of car engines and tyres.

Strategies for the separation of components of a product in order to
recover raw materials.

Recycling refers to using the materials from obsolete products to create
other products.

To redesign components or products to improve their characteristics or
performance.

The level at which a resource is renewable. The rate that a resource can
be replenished.

A natural resource that can replenished with the passage of time, or
does not abate at all.

The reconstruction or renewal of any part of an existing structure or
device.

Reserves are natural resources that have been identified in terms of
quantity and quality.

Resources are the stock or supply of materials that are available in a
given context.

Reuse of a product in the same context or in a different context.
Solutions that are implemented to deal with the whole system, rather
than just components.

The anticipation of potential problems in relation to the environmental
impact of the production, use and disposal of a product.

The avoidance or minimization of producing waste in relation to the
production, use and disposal of a product.

Strategies used to reduce the waste produced by a product or in the
production and disposal of a product.
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