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Before you read further…

are you sure you want to look at a set of sample answers at this time?

Remember, the best way to learn is by doing. Thus, the best way to practice for an exam is to 
attempt a past paper under exam conditions, as a timed exercise. If you skip ahead and read 
the sample answers, you might be missing out on a significant part of your revision.

That said, you’re in charge of your own learning… so go ahead and look, when ready. The 
sample answers begin on the next page.

The small print:
Permission is granted for non-commercial reuse of this material – but please continue to 
include a mention of http://capacify.wordpress.com  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Sample answer for Q1 (a)

Renewable materials are those that are replenished by natural processes, most commonly growing 
(although water is also seen as a renewable resource, as a result of the water cycle). Renewable 
materials are restored over time, and are generally preferable, therefore, to materials that are 
available in finite quantities, such as those obtained by mining. Obviously, fossil fuels are produced 
by natural processes, but they cannot be considered to be renewable on the timescale of humanity.

A renewable material may not be sustainable when considered in the context of its whole life cycle. 
For example, the use of plant fibres is sustainable from a waste viewpoint (they rot away) but it 
may not be sustainable if they are harvested at a rate that exceeds the rate of natural replenishment. 
There are also questions about the harvesting method, and the energy required. Many plant-based 
materials have a considerable amount of embodied oil. Also, a renewable material is not sustainable 
if it is grown at the expense of other needs such as natural habitat, or cropland. Palm oil plantations 
provide a powerful example of how an industry producing a valuable renewable material can have 
considerable impacts upon communities and the natural world. Thus, the use of a renewable 
material is not in itself a guarantee of sustainability.

Sample answer for Q1 (b)

Braungart & McDonough use the term ‘monstrous hybrid’ to describe a product that mixes two 
distinct types of material; technical nutrients and organic nutrients. Organic nutrients are materials 
that form part of the organic cycle: they grow, are harvested and refined, are put to use, and rot 
away when they are disposed of, becoming compost to nourish new organic feedstocks. Technical 
nutrients are not reprocessed by the organic cycle, and require intervention such as recycling.

When a mixture of the two material types is present, each acts as a contaminant. For example, 
cardboard packaging is entirely organic (as long as it has a soy-based ink) and could be composted, 
but when a clear plastic ‘blister’ is used, it can’t be recycled or composted, because from either 
viewpoint (compost or recycle) there is something present that is not wanted. Relatively wasteful 
incineration is the only solution in such cases.

Sample answer for Q1 (c)

The Triple Bottom Line (TBL) was proposed by Elkington in 1994 in an article entitled ‘Towards 
the sustainable corporation: win-win-win business strategies for sustainable development’. It argues 
that a strategy can only be truly sustainable if it is environmentally sound, socially responsible and 
economically viable. Elkington does not expect a business to sacrifice profitability in order to meet 
environmental and ethical aspirations; indeed, becoming ‘green’ is expected to generate new 
opportunities.

The triple bottom line is often illustrated in the form of a Venn diagram, with Sustainability being 
seen only at the overlap of “People” (social), “Planet” (environmental) and “Profit” (economic). 
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Obviously, profit is the easiest to measure because we have a great many established well-
established tools, and everybody understands the unit of measure. Economic issues include value 
for money, rate of inflation, standard of living, etc. Additional issues discussed under economic 
criteria might include ethical trade with developing countries, and sustainable consumption.

Environmental issues are less easy to measure because they include a number of different issues 
ranging from the local (noise pollution, air quality) to the global (greenhouse gas emissions, ocean 
life), each of which has its own units of measure. Still, these impacts should be considered if we are 
to judge a project as being viable in the long term.

Social or ‘people’ issues include health and safety at work, health risks to the wider community, 
and the impact of projects upon communities (housing, economic regeneration, training needs, 
crime, impact upon local infrastructure, etc.) Additional benefits might be seen in terms of 
involvement with charities, equal opportunities, human rights and so on.

A project should be judged not only for its economic benefits (pay-back time or money saved) but 
also in terms of its social and environmental impacts. Reducing toxicity, reducing the total amount 
of waste generated, and providing positive outcomes within the local area (working with schools, 
providing habitat for wildlife on company property, improving safety and standards of care for 
workers, etc.) should all count for something in the project evaluations. Ideally, a matrix will be 
constructed such that each project can be judged in terms of its performance against all three 
components of the ‘Triple bottom line’. Projects should not be approved if they are profitable but 
result in harm: the best projects will be positive in all three aspects.

Sample answer for Q2 (a)

The four kinds of obsolescence are:

• Planned obsolescence,
• Functional obsolescence,
• Technological obsolescence, and 
• Fashion obsolescence.
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Planned obsolescence is the deliberate curtailment of a product’s lifespan, such as when 
manufacturers cease to support an old product in the hope of forcing consumers to purchase 
something new. (For example, no longer making a toner cartridge for an old model of laser printer.) 
This can be a mistake, since there is no guarantee that the customer will buy new hardware from 
the same manufacturer, particularly if they feel that the withdrawal of support come unreasonably 
early. If, instead, the manufacturer continues the support phase for a reasonable period, they gain a 
long-term revenue stream, and brand loyalty. This extended support model is not confined to the 
sale of consumables, but can also be seen in the form of software upgrades or support services. It 
requires the manufacturer to operate a business model that recognises the value of aftermarket 
transactions.

Functional obsolescence is product failure: when the product breaks, wears out, rusts away, etc. It is 
logical that a product will have a finite life, but there are sustainability benefits to be gained from 
products having a longer useful life. Thus, hard-wearing materials, reinforcements and redundancy 
ought to be designed into critical components, such that the product is less likely to be ruined by a 
single failure. While this potentially reduces the number of products consumed by markets, the 
increased reliability can be a selling point, with a good reputation offsetting the benefits of building 
in planned obsolescence. Functional obsolescence can also be delayed in designs that incorporate 
repair access, if the manufacturer provides spares support. The provision of spares can also provide 
a significant revenue stream.

Technological obsolescence occurs when advances in technology lead to the displacement of ‘old’ 
with ‘new’ or ‘disruptive’ technologies. For example, the switchover to digital TV rendered a lot of 
older televisions obsolete. The impact of technological obsolescence can be reduced by 
manufacturers anticipating the future and supporting emerging protocols (e.g. adding DAB digital 
capability to an FM radio). Another means of delaying technological obsolescence is by using 
standard architectures to allow modules to be swapped out, or added... as is seen in a PC, where 
extra RAM or a second hard disk can be fitted. The sale and fitting of updated modules can be a 
significant business in itself.

Fashion obsolescence is when products become ‘out-dated’ and are no longer desirable for aesthetic 
reasons. Some industries are geared towards promoting fashion obsolescence as much as possible 
in the hope of regularly selling customers a replacement product based upon how it looks (clothing 
retailers, portable electronic devices, updates to car models that are largely cosmetic, etc.) Some 
segments of the market do not play along, however, and ‘retro’ products can also make a fashion 
statement. Another means of resisting fashion obsolescence is to facilitate cosmetic updating of 
products through accessories, replacement casings, or perhaps the clip-on plastic body panels seen 
on the SMART car – each of which provides a new opportunity to make a sale.

Sample answer for Q2 (b)

The WEEE Directive was a piece of European law enacted in 2003. (Compliance was achieved in 
the various member states over the next two years or so, although not until January 2007 in the 
UK.) The Directive requires ‘producers’ of electrical and electronic devices to take responsibility 
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for the safe disposal of the products at the end of life. Consumers should have the possibility of 
returning WEEE items free of charge.

WEEE, or ‘e-waste’ is a huge and growing problem throughout the EU; for example, 1.8 million 
tonnes of waste per year in the UK alone. This represents a huge loss of resources, and many 
electrical systems pose problems of toxicity because they contain lead, cadmium, mercury etc. The 
intent of the legislation is to fund the work necessary to recycle this waste stream. The scheme is 
sometimes described as “the producer pays”. Products covered by the WEEE directive can be 
identified by a label or moulded in logo that shows a crossed out wheelie-bin.

You are counted as a ‘producer’ if you manufacture, import or re-
sell electrical and electronic devices. A key point is that you don’t 
have to actually make the items to be a ‘producer’. Under the 
Directive, producers must finance the treatment and recycling of all 
separately collected household e-waste. The cost of this recovery 
operation is borne by all producers, apportioned on the basis of 
market share.

Sample answer for Q3 (a)

The reuse of packaging becomes more likely if the package is standardised, and reused by a 
number of different businesses. For example, if a number of breweries all agree to use a standard 
beer bottle, this greatly simplifies its reuse. This has been encouraged through a taxation regime in 
some areas, particularly in Denmark. (Brewers that wanted a distinctive and therefore non-standard 
bottle had to pay.) Another example of standardisation in packaging is seen with pallets, which are 
readily sold on or reused because relatively few different sizes exist.

Packaging can also be reused for a different purpose, while still avoiding its entering the waste 
stream. For example, Amora mustard comes in a glass ‘jar’ that is actually shaped like a drinking 
glass: this encourages the buyer to save the empty jars and reuse them. It may provide an incentive 
to buy that brand. Another example, ‘Re Pack’ concerned small electrical devices, shipped in boxes 
that could be turned inside-out, labelled with the included sticker and then reused in the postal 
system.

Financial incentives can also be employed to ensure reuse. For example, refundable deposits built 
into the purchase price of an item can encourage customers to return empty containers.

In summary, a good answer to this part should contain:

• Standardisation
• Possibility of alternative secondary use
• Refundable deposits
• Business-to-business reusable containers, e.g. drums, crates and pallets (constructed for a 

longer life)
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Sample answer for Q3 (b)

A product can embody far more of a material than it actually contains when it reaches the customer. 
This reflects the fact that some materials are used up, wasted, lost or irreversibly transformed 
during the production process. Instead of simplistic techniques based on a “reverse engineering” 
analysis of the final product, a study of embodied material looks at everything that has gone into a 
product. Thus, some of the sand that has been used in shell moulding is considered as being 
embodied in the production of a casting, even though the final product is entirely made from metal.

The measurement of embodied water provides a particularly significant indicator of the 
sustainability of some commodities. Water may be used in dyeing, washing, or in growing crops, 
etc. Evaporation and transpiration mean that far more water is embodied in a vegetable than is 
found in the end product. For example, 1,300 litres of water are embodied in a kilo of wheat, and 
15,000 in a kilo of beef – while a small car is estimated to embody 400,000 litres of water. Thus, 
the export of even a relatively small quantity of a product can cause water shortages in some 
regions. Meanwhile, a lack of clean water supplies causes the deaths of thousands of people every 
day.

Sample answer for Q3 (c)

Ten signs of greenwash according to BSR:

• Fluffy language: words with no clear meaning e.g. “Eco-friendly”
• Green Products, dirty company: dirty company manufactures sideline environmentally 

friendly product
• Suggestive pictures: green images that indicate an unjustified green impact, e.g. Flowers 

blooming from an exhaust pipe
• Irrelevant claims:  Emphasising one small green attribute when everything else is not green
• Best in class?: claiming to be slightly greener than the competition, even when the 

competition are terrible
• Just Not credible:  e.g. ‘Eco-friendly’ cigarettes, greening a product doesn’t make it safe, or 

“Eco-friendly F1 team”
• Scientific Jargon: using overly technical language
• False eco-label: Displaying a label that looks like a third party endorsement
• No Proof: I could be right but no evidence is cited  
• Lying: totally fabricated claims

Sample answer for Q4 (a)

Milling and turning are material removal processes. This suggests the following characteristics, all 
of which can cause environmental harm:

• The presence of cutting fluids (coolant and/or lubricants): these can pose health issues, and 
used cutting fluids are a source of waste.
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• A large requirement for virgin material, since metal must be cut away to produce the desired 
shape. This suggests that additional material must be mined, processed and transported.

• A removal process also implies the creation of scrap – swarf or chips that must be disposed 
of (preferably via recycling, but there is no guarantee that a good price can be obtained for 
the material in this form).

• Conventional machining processes are relatively energy intensive, which will contribute to 
the life cycle carbon impact of the product.

Example 1. A machining process could be improved by moving to dry machining – using no cutting 
fluids at all. This is possible for many materials (exceptions: high alloy steel, stainless steel, 
aluminium, some exotic materials) and for most operations (exception: reaming). Oil pumps, 
centrifuges, coolers and mist collectors can account for over 85% of the energy consumed by a 
machine tool, according to a study by Toyota.

Example 2. Where dry machining is not possible, minimum quantity lubrication (MQL) offers a 
substitute, reducing the waste stream for used cutting fluids, reducing airborne mist that can be a 
health hazard, and offering financial benefits such as increasing the value of material chips.

Example 3. A substitute for machining might be a near net-shape process such as direct metal laser 
sintering. A hybrid process might also be employed, using additive techniques to build up isolated 
ribs and bosses, rather than requiring large volumes of material to be machined away. (In some 
aerospace applications, 95% or more of a blank can be machined away, which has given rise to the 
concept of the ‘buy to fly ratio’. Pure ‘machine from solid’ approaches cannot improve this ratio, 
and make for carbon-intensive production.

Sample answer for Q4 (b)

Greenhouse gases (GHG) have played a natural role in life on Earth for billions of years. The most 
abundant GHG is water vapour – clouds – and we cannot ban water. Other major GHGs include 
carbon dioxide and methane, which both occur naturally, as well as a result of human activity. 
Thus, they cannot be “banned”.

The greenhouse effect is a part of our planet’s climate, and has been for billions of years. If there 
were no such mechanism, the Earth would be on average 33°C colder than it is today. Such a 
temperature would have left most of the planet covered by the ice caps, and would have almost 
certainly made the evolution of higher mammals impossible.

While it is true to say that compounds such as sulphur hexafluoride or tetrafluoromethane have 
tremendous potency as GHGs, and only exist as a consequence of industrial processes, no clear 
picture of the extent of climate change can be built up without understanding the role of other 
human activities such as land use and agriculture, and the contribution made by natural sources 
such as volcanoes – although there is a strong case for limiting emissions through energy efficiency, 
renewable and nuclear energy sources, and the phasing out of man-made GHGs.
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Sample answer for Q4 (c)

The goal of Life Cycle Analysis (LCA) is to bring together and compare a broad range of sources 
of harm associated with a product. Where a set of alternative products, processes or services exist, 
LCA allows us to identify the ones that do the least harm. LCA is important because it isn’t always 
clear where the harm associated with a product is done. For example, replacing your car because 
the new one performs better in terms of fuel economy is probably a mistake because the simplistic 
measure of fuel economy does not tell the full story, including all the energy expended in making 
the new vehicle.

According to the ISO 14044 standard, 
LCA looks at all the mass and energy 
flows involved with a product, from the 
time of raw material extraction through 
transportation, product manufacture, the 
use phase (including consumables and 
service parts), and its final disposal.

Thus, an LCA begins as a list of all the 
inputs to the life cycle (the “mass and 
energy flows”), often shown in pictorial 
form. 

When the magnitude of each flow has been measured (or estimated), this can be recorded in a table 
(kilograms of each material, kilowatt hours of electricity, tonne kilometres of freight transport). 
These can then be converted into kg of CO2 using published ‘conversion factors’ such as those 
from DEFRA. 

Common uses for the end result of an LCA are as follows:

• Marketing (provides a basis for competition)
• Purchasing (Which feedstocks or components have the least impact?)
• Design (What should we change to make our product more environmentally friendly? 

Which phases of product life have the biggest impact?)
• Manufacturing (Which processes should we use?)
• Benchmarking across an industry, between industries, or across divisions of a corporation
• Year to year tracking of environmental performance
• Policymaking (Where should we have regulations to get the biggest benefits?)

Alternative answer: according to The Carbon Trust, the goals of LCA are to...

• Reduce greenhouse gas emissions.
• Identify cost savings opportunities.
• Incorporate emissions impact into decision making on suppliers, materials, product design, 

manufacturing processes, etc.
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• Demonstrate environmental/corporate responsibility leadership.
• Meet customer demands for information on product carbon footprints.
• Differentiate and meet demands from ‘green’ consumers.

Sample answer for Q5 (a)

Sony’s business model is based largely upon the sales of games, not the sale of the consoles 
themselves. Therefore it is in their interest to have a large number of consoles installed in homes, in 
good condition. This suggests that faulty equipment should be restored to working order as quickly 
as possible.

Originally, Sony operated a traditional repair model, with returns dealt with locally at a number of 
small, Sony approved retailers. This had the following disadvantages:

• Little or no quality control.
• No recovery of potentially valuable parts.
• Repairs would be expensive, with warranty cost being incurred by SCEE.
• Would not cover out of warranty customers (expensive for them).
• Long downtime.

Sony’s new approach with centralised repairs (three sites in Europe) meant that each achieved 
economies of scale, and allowed better quality control. These centres could hold larger component 
stocks, which meant shorter downtime, and the greater volume of business being done at each site 
meant that components and materials could be recovered in economically significant quantity. 
(Large volumes of used casings meant Sony could sell plastic of a single type to recyclers, which 
has much greater value than mixed waste. It gave rise to a whole brand of “I used to be a Sony 
Playstation” products.) Overall, SCEE cut the cost of its service exchange system and improved 
customer service.

Sample answer for Q5 (b)

Dematerialisation refers to an approach where the amount of materials used to achieve an outcome 
is reduced. This is typically the result of ‘green design’ and is done in the hope of achieving a ‘win-
win’ outcome. Dematerialisation can be seen as embodying the principles at the top of the waste 
hierarchy: elimination of waste (give the customer only the features they actually want) and 
minimisation of waste (use the least possible amount of material to achieve the desired outcomes).

The advantages include the following:

• Using less material per product is likely to involve cost savings (less raw materials paid 
for).

• A reduction in resource consumption produces a corresponding benefit for ‘the planet’ by 
reducing the harm from material extraction and refining.

• Smaller, lighter products are easier to transport, producing additional cost and GHG 
savings.
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• Miniaturization can result in products that are highly attractive to customers.
• Smaller, lighter products reduce the volume of material entering the waste stream at the end 

of life.

Dematerialisation was demonstrated by Uncle Ben’s cooking sauces when they redesigned their 
jars as part of the Waste Resources Action Programme (WRAP) project ‘Glassrite’. Previously, the 
500g net weight product included 285g of glass. A new design reduced the glass content to 243g, 
while delivering the same quantity of sauce. Dematerialisation is also seen in electronic products 
such as the Sony Walkman (which replaced much larger cassette players, back in 1979), and in 
Apple’s follow-up to the original iPod with the iPod Mini, and subsequent devices that are still 
smaller.

Complete dematerialisation can be achieved for some outcomes, resulting in solutions that are now 
completely ‘virtual’ but were formerly achieved with physical products. For example, pre-recorded 
music was historically delivered by physical devices (records, compact discs, or cassettes) but it is 
now possible to download music from web-based services. The business model is geared towards 
the outcome (music) and not directly towards the tangible product (CD), and this is confirmed by 
the existence of alternative business models such as monthly subscriptions that allow unlimited 
access to a wide selection of music, but no permanent ownership.

Similarly, receiving telephone messages used to involve having a physical machine in the home, 
whereas voicemail is a service provided from a central location by the telephone service provider. 
The business model has changed from one of retailing an electronic device, to providing a 
capability by subscription. Offerings of this kind have the potential to significantly reduce the harm 
arising from the provision of the service, because the hardware involved is not dispersed and there 
is an incentive to specify machinery built for long life and high reliability, rather than consumer 
devices designed for minimal cost.
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