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Synopsis

Manufacturers are adopting a number of strategies to improve their sustainable manufacturing practices in 
order to  maximise resource usage, to  reduce waste and to  reduce their environmental impacts. There 

are many strategies reported in the literature, which could confuse practitioners. We have investigated the 
sustainable resource manufacturing practices being used by UK manufacturers. Based on learning from nine 
manufacturing companies, from various industries and from small to  large, including some well-known names, 
this paper reports on the comparison between sustainable manufacturing strategies as reported in literature and 
the real practices of UK manufacturers. There are many interesting findings, including the level o f enthusiasm 
and effort being applied, and the results achieved. It was found that companies often used their own terms and 
labels in naming the strategies to facilitate communications internally, but making it more difficult to  learn from 
other companies. We also found that companies experienced some difficulties with measuring progress in 
sustainable strategies.

n their ^

Human resources are renewable for as long as natural resources 
remain available, but not the other way around
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One concern for manufacturers is ensuring a reliable 
supply of materials when there is increasing demand 
and increasing scarcity of materials.

Introduction

Centuries ago, when natural resources were abundant and 
labour was scarce, industries strived to  find ways to  increase 
labour efficiency through introducing diverse manufacturing 
strategies and technologies. This situation is now reversing, 
propelled by a changing world where energy and materials are 
becoming less abundant and labour -  and demand -  more 
abundant. Environmental changes, globalisation and access to 
cheap labour through cheap transport are altering this balance. 
One concern for manufacturers is ensuring a reliable supply of 
materials when there is increasing demand and increasing 
scarcity of materials. While a strategy of using less material per 
product has an obvious and direct economic efficiency of 
reducing cost, it also helps to make a manufacturer more robust 
to  supply shortages and contributes positively to  the limits 
placed on humanity by the physical limits of the planet -  noting 
that human resources are renewable for as long as natural 
resources remain available, but not the other way around.

Early industrial efforts were focused on promoting ‘pollution 
prevention’ (Dales, 1968), which industry has been largely 
successful at. But in 1987, the Brundtland report popularised 
the concept of sustainable development, which it defined as: 
'meets the needs of the present without compromising the 
ability for future generations to meet their own needs', thus 
widening the issue away from local toxicity to  planetary limits. 

However, it was not until the wake-up call in 1992 at the Earth 
Summit in Rio de Janeiro when nations met to  discuss problems 
due to pollution that they agreed to the need for actions toward 
sustainable development. Whilst no agreement between 
nations was reached at the summit on the issue o f pollution, 
there was a consensus on there being limits to  what we could 

put into nature, in the form of pollution, as well as what we 
could take out o f nature, in the form o f raw materials. This did 
result in industries and organisations starting to work 
towards practising sustainable material/resource strategies 
such as resource efficiency, eco-efficiency and sustainable 
development. This also has made governments more active in 
imposing regulations and rules related to waste management 
and pollution.

For industry, a widely used and basic strategy to increasing the 
efficiency with which we use available resources is to  
concentrate efforts on recovery of products o r materials at the 
end of their useful life, which includes reuse, remanufacturing, 
recycling and energy recovery, and is termed the waste 
hierarchy (Jackson, 1996). Sometimes referred to  under the 
generic name of recycling, the effectiveness of these strategies 
in tackling waste and pollution problems is questioned in the 
literature. Schmidt-Bleek ( 1995) pointed out that less than 20% 
of all materials originally moved -  disturbed and extracted -  ends 
up in products and infrastructure. This makes the overall 
recycling capacity very limited, as it often deals with only the

20% of resources after the consumer has finished with them. It 
is obvious that waste recovery should also be focused earlier in 
resource flows within the industrialised supply chain.

We have studied those strategies that are most commonly 

reported to tackle the issue o f resource use and waste in the 

industrial system, namely waste minimisation, material 

efficiency, resource efficiency and eco-efficiency. There are 

similarities and distinctions between these strategies, but one 

thing they have in common is that they strive to  prevent and 

reduce waste by increasing natural resource productivity. Given 

that these concepts are now reaching into industrial practice, 

we wanted to  learn whether a proliferation o f terms, 

definitions, tools, explanations and scope was confusing 

practitioners and so delaying implementation of sensible 

industrial strategies to do more with less. This paper aims to 

compare the strategies reported in the literature with the reality 

experienced by the practitioners in UK manufacturing industry.

Literature analysis and methodology

The authors have identified many similar strategies, grouped 

them and then selected the four most prominent strategies: 

waste minimisation, material efficiency, resource efficiency and 

eco-efficiency. There is more detail on this in Abdul Rashid et 

al, 2008. The criteria for each strategy have been put into Table 

I , with its references in Table 2.

There is no doubt that all the strategies compared can 

contribute to  sustainable development. They are all practised in 

a variety o f industries and some o f them were being used in 

factories but under different names. But how much each of 

them is facilitating action towards sustainability and how 

effective they are remains debateable. As shown in Table I , 

they have various similarities and differences. To help 

understand the strategies better we have analysed them under 

the criteria of definition, scope, practicality and compatibility.

Definition

■ Type: the clarity of the definition; is the strategy clear -  concrete 

vs ambiguous and is it testable vs complex -  philosophical?

■ Orientation: is the strategy defined around goal, action or 

its measurement -  for example, the definition of waste 

minimisation is ‘reduction of waste at source' and shows 

that strategy is defined around its goal?

■ Focus: what is the definition centred on? Is it on

cause -  for example, resources and material, or effect -  for 

example, pollution, emissions and waste?

■ Main goal: what is the priority goal that practitioners are 
expected to deliver against, extracted from the strategy’s 
definition?
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Scope

■ System boundaries: the horizontal lim it o f elements -  fo r 
example, waste, material o r resources -  flows that the 
strategy is intended to  influence

■ Ease of communication: -  how  easy it is fo r the strategy 

and its indicators to  be understood by the stakeholders?

■ Does it guide action: how  well does the strategy provide 

a clear guide to  generate actions fo r change?

■ Influence over externalities: does the strategy influence 

externalities? N ote: externalities arise when actions by 
producers o r consumers cause unintended effects on 
others; externalities could be positive o r  negative

■ Level usually used: what level the strategy is usually used at -  for 

example, product/process/company/regional/national?

■ Depth of issues to be tackled: the depth o f investigation 
needed

■ Concerns: which dimensions o f sustainability are 
covered -  fo r example, ecology, economy and/or social?

■ Utility being assessed: the output that is expected o r 
desired from  the strategy

Practicality

■ Measurement and target: how  simple o r difficult the 
measurement would be to  use in practice?

■ Indicator effectiveness: how  well does the measure 
indicate effectiveness?

■ Technical feasibility: on the ease o f implementing the 
strategy

■ Data availability: the availability and cost-effectiveness o f 
obtaining the data to  measure and manage progress

Authors Year Authors Year
1 Bates and Philips 1998 16 Gottberg et al 2006
2 Clelland et al 2000 17 King and Lenox 2002
3 Ehrenfeld 2005 18 Cramer and van Lochem 2001
4 McDonough and Braungart 1998 19 Worrell 1995
5 Honkasalo 2001 20 OECD 1997
6 Korhonen 2007 21 Hanssen et al 2003
7 Commission of European Communities 2003 22 Reijnders 1998
8 Cheeseman and Philips 2001 23 Park e t al 2007
9 Worrell et al 1997 24 Hawkins and Shaw 2004
10 WBCSD 2000 25 Pearce 2001
11 Schmidt-Bleek 1995 26 Foxon 2000
12 Mosovosky et al 2000 27 Figge and Hahn 2004
13 Warhurst 2002 28 Huesemann 2004
14 Michelsen et al 2005 29 Jansen 2003
15 Ekins 2005 30 Braungart et al 2007

List of references used to support table categorisation 
Table 2

Compatibility

■ Between goal and measurement -  does the measurement 

cover the dimensions, scope and system boundaries as 

stated in the definition?

The characteristics o f each strategy are summarised into the 

sustainable manufacturing hierarchy -  see Figure I . This shows 

the relative scope o f these sustainable manufacturing strategies 

and suggests a hierarchy between them, The m ore concrete 

the strategy, the simpler the measurement and, therefore, the 

management o f its im plem entation. The simplest, m ost 

concrete strategy is only concerned w ith  reducing waste, 

which is a na rrow  v iew  o f sustainable resource use in 

manufacturing -  fo r example, it does no t concern itself w ith  the 

amount o f material coming into the factory, only the quantity 

and destination o f waste materials leaving the factory. However, 

the m ore dimensions o f sustainable resource use that are 

embraced, the m ore difficult it becomes to  measure and the 

m ore philosophical the strategy becomes.

The characteristics o f those strategies identified vary when 

applied in practice, so w e  have studied manufacturers to  learn 

more. Eighteen interviews from  nine companies have been 

conducted -  see Table 3. This was also compared to  industry 

evidence given to  the House o f Lords Inquiry into Waste 

Reduction (2008). Com pany visits and o ther tertiary data, such 

as a company’s sustainability report and online news, w ere also 

used. Among these four strategies, the criteria o f the definition, 

scope o f implementation, practically and compatibility found in 

the literature w ere compared to  companies' practices.

Practitioners’ confusion on definitions

It is found that in term s o f definition, manufacturers defined 

waste m inim isation and material efficiency in the ir ow n  

words, compared to  resource efficiency and eco-efficiency. 

Waste minimisation was easily understood by all. The term
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Company 1 Company 2 Company 3

Global provider of power systems and 
services.

Manufacturer of safety equipment for 
aviation industry

European furniture company, supplying 
world markets

Two operation managers and two value 
engineers

One site manager One managing director, one head of 
sustainability and one design engineer

Company 4 Company 5 Company 6

Global IT company that sells office 
equipment technology

Automobile manufacturer with a global 
market

Designer and manufacturer of industrial 
engines

One environmental engineer, one 
operation manager of company's 
recycling facility

One European environmental engineer One environmental manager and one 
personal assistant to environmental 
manager

Company 7 Company 8 Company 9

Manufactures and supplies CNC machines 
and manufacturing systems for global 
market

One health and safety engineer (ISO 
co-ordinator), one production manager and 
one quality and technical support manager

UK corrugated manufacturer

One safety, health, environment and quality 
manager

One of the largest producers of polythene 
film products in Europe

One operations director

Companies and interviewees 
Table 3

'material efficiency' is not much heard by the interviewees, but 
is also easily understood by them. Resource efficiency was less 
known to them compared to eco-efficiency, which is more 
familiar because of its popularity:

‘For waste minimisation and material efficiency, they are both on 
the same track . . .  I think one goes hand in hand with the other... 
so material efficiency . . . hmm . . .  we are always looking at 
different ways of. . . .let's say cutting down on the actual amount 
of material we use within a product. So I believe that by cutting 
down the amount of material, we are efficiently cutting down 
wastage and everything that goes with it. So again if  it is not 
processing the material . . .  you are not turning, cutting it and 
milling i t . .  . you are not producing much waste.'

'Waste minimisation . . .  I would see two ways . . . minimising the 
way of minimising the amount of. . . If  we can reduce the amount 
of materials that we need to start with to achieve a given of 11 

output and that will minimise the amount of material you have to 
buy to achieve a given product.'

Most companies are not interested in these names and definitions, 

but in how they can achieve the target to reduce environmental 
impact in the best way without it costing too much.

Hierarchy of sustainable manufacturing strategy
Figure I

The strategy’s scope

The literature suggests that companies that implement waste 

minimisation have limited influence along the supply chain 

compared to the highest strategy of eco-efficiency. It was 

found that most practices observed in companies matched this 

conclusion.

Although it was proven that the scope for higher strategies, such 
as eco-efficiency, is wider compared to waste minimisation, the 

data shows that system boundaries of the supply chain are not 

very wide for all strategies. It seems that companies struggle to 

get their supply chains to adopt such strategies. Among the 

reasons mentioned were design -  design specifications and 

decision-making -  measurement and targets, supplier 

constraints, organisational barriers and manufacturing process 

constraints.

For example, if a manufacturer chooses to  minimise waste as a 
preferred strategy, it is likely to  request specific help from 
material and waste-contracting suppliers, but much less likely to 
engage with product design to minimise waste during customer 
use. The system boundaries for material efficiency strategy are 
wider than waste minimisation, as companies practising it are 
trying to  influence their suppliers on material purchasing 
decisions to minimise packaging and/or to  accept waste back 
from the customer. Companies who practise resource efficiency 
and eco-efficiency are trying to influence suppliers' and 
customers’ practices with greater efforts through the supply 
chain pressure and product design:

'They have now started to supply other customers. They now have 
wooden boxes that they [the suppliers] have made that go to the 
customers and their boxes then come back to them.'

Externalities arise when actions by producers or consumers 
cause unintended effects on others, which could be positive or 
negative. Evidence shows that all four strategies influence 
externalities. Waste minimisation and material efficiency 
strategies can influence externalities, but are limited compared 
to resource efficiency and eco-efficiency. Concentrating on your 
own factory's waste means that few externalities are impacted, 
and is most common; some manufacturers are deliberately

29
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trying to impact on user waste through their packaging or product itself, 
and these describe themselves as followers of eco-efficiency:

‘Our strategy is eco-efficiency, the whole concept; the whole thing is about 
improving environmental performance and the impact of environment so the 
eco-efficiency is built in.'

The strategies were found implemented at product, process and services 
level. Several companies have chosen to implement their chosen strategy 
across a limited range of their products o r processes as part of gaining 
confidence. A  few companies have run company-wide sustainable 
resource strategies.

The depth of issues to be tackled is deeper for the higher strategies. 
However, it is found that companies that claim to have eco-efficiency as a 
strategy are likely to have implemented a set of strategies and tactics that 
involve simple measurements for each, rather than bringing a major new 
concept into the factory in one step. This was reported to  be important, as 
the experience improved factors such as management knowledge and 
awareness, supplier co-operation, and company culture, which helped to 
accelerate the implementation of more complex strategies.

Different concerns were felt for the four types of strategies, with waste 
minimisation having fewer concerns compared to eco-efficiency. There is 
evidence for a wide range of concerns found during the study which 
include impact of waste, resources for future use, environmental impacts 
and society well being:

'Really the company family were thinking of resources being global resources, 
as well not just resources available to the company, so be careful with energy, 
be careful with the Earth's precious resource if  you like and that's going back 
to the 1990s before a lot of this really became obvious.'

We found that most assessment and measurements are based on simple 
calculations, such as on weight, monetary value or percentage. The most 
advanced percentage and ratio calculation observed was on 'material 
coming in' over the 'material becoming products', which is compatible 
with a material efficiency strategy. For companies claiming to have an 
eco-efficiency strategy, we found that these companies actually have a set 
of multiple simple measures, and the utility assessment used is those 
simple measurements combined by weight and/or volume:

'Currently waste reduction targets are set in both tonnage and/or 
percentage terms.'

Practicality of sustainable resource strategies in 
manufacturing

In term of the strategies' practicality, it is found that practising the four 
strategies is not easy. The easiest is waste minimisation and the difficulties 
are greater for the higher strategies. This is due largely to  the difficulty in 
setting targets and measuring against them. For almost all of the strategies, 
measuring the effectiveness was problematic. From the study, the smaller 
companies that have limited time and resources to  perform tracking and 
measuring, measuring waste for them was a challenge:

'On the differentiation, it is size really. The large companies may have 
dedicated staff to examine this [on measurement and strategies]. They are 
probably also registered on a variety o f EMAS schemes. They probably have 
a corporate social responsibility report and so forth. All o f these draw 
attention to what they are doing and are a driver to improve them.'

There is no standard measurement to  measure all types of waste. We 
found that it was very difficult for companies to measure how effective 
their efforts were. Those companies claiming to  have eco-efficiency 
strategies keep detail data and track all material purchases and wastes. 
This requires resources and commitment, When measurement gets 
complicated some o f them decline to  measure, but insist that thay are 
trying their very best to  achieve eco-efficiency.

From this investigation, the authors found that the indicator effectiveness, 
data availability, technical feasibility, and communication and actions are all 
impacted by how easy or difficult it is to  measure each strategy. These 
criteria are all interrelated and emphasise the importance of the 
measurement system that each of the four strategies brings with it.

Where that measurement system is easy to understand, unambiguous 
and where it uses existing data collection methods and systems, then the 
implementation becomes much easier:

'Life cycle analysis is inevitably an extremely complex business and things that 
appear to be technocratic details, such as systems boundaries and allocation 
of impacts between different co-products and so on, can make an enormous 
difference to the outcome of the analysis. It can completely reverse the 
conclusions you get in the comparison of two products in some cases.'

Most manufacturers have great quantities of data on their production 
process and costs, yet waste and other environmental impacts are mainly 
measured for compliance reasons, and so do not form part o f the 
operational management o r continuous improvement mechanisms that 
are the main ways in which manufacturers manage:

'The information is out there but it is very confusing and I think that is the 
problem. If you are a small organisation, a small company, where do you go 
to get the right information for what you are trying to do or your production 
process? That is the barrier. You might know what you need to do, but 
sometimes you do not know how to action it and achieve it. '

Even though implementing these strategies is not easy, they all guide actions 
in a positive way to a certain degree. Since most actions are based on 
monetary saving, their full effectiveness in improving environmental 
performance is often not known. This is helpful to  most manufacturers, as 
the measurement is more direct and involves less dimension or concerns.

Larger companies may have a greater advantage in influencing suppliers. 
Companies that cannot influence suppliers have to choose tactics such as 
education for suppliers and customers as they cannot enforce changes. 
This has not proved to be a block on manufacturers with the greatest 
ambitions however, where we can observe even smaller manufacturers 
work with customers and suppliers, but they have to take a much more 
patient approach than can be observed in the larger manufacturers, due 
to lack of absolute commercial weight:

'My initiative to really redouble our efforts and make stuff in this country . . . 
a lot has been about a decline of British manufacturing . . . and so in 
response to an article in FT, and letters that followed from it, I wrote a letter 
talking about the problems that we had getting suppliers to take us seriously 
in this country because we wanted decent quality and we are small and all 
of those things.'

‘But we had to educate them, in early days it was quite difficult because it 
was a whole different mindset for them.'

Conclusions

Sustainable resource use in manufacturing is unavoidable if manufacturers 
want to  continue to  exist and become competitive. However, many 
strategies are being proposed that could confuse. The most important 
question raised here is how real factories are practising sustainable 
manufacturing in order to  reduce waste, material usage and overall 
environment impact. We read about each of the main strategies being 
proposed and put their reported characteristics into a table. We then 
went to  manufacturers to  find their real experiences and compare 
them to the writings. This supported most of the claims in "fable I , but a 
much richer picture emerged. In particular, we found that measurement 
is regarded as the most important aspect of real-life practice, with 
companies experiencing difficulties indecision-making and choosing 
actions. Waste minimisation was reported as the easiest to  measure, and 
hence easiest to  manage, and was most popular as a working strategy; 
though all the manufacturers were trying to further develop their 
strategies beyond the narrow boundary of waste minimisation. The 
broader strategies, such as eco-efficiency, were understood and even 
being followed by some, but the term 'eco-efficiency' was not being 
used, and no single measures were found to  capture the concept. In fact, 
the more advanced companies seemed to prefer to  have multiple simple 
measurements, often based on their chosen environmental priorities, 
rather than try to  explain and adopt a new, single and complex measure.
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