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The South African economy is resource intensive and the National Framework on
Sustainable Development (NFSD) states that “much of the growth in economic
activity (measured as a percentage increase in GDP) is achieved by consuming
natural resources and degrading our habitat at accelerating rates with the inevitable
consequence that future economic growth and development objectives will be
prejudiced” (NFSD, 2008). For instance in South Africa 394 million tonnes of
minerals were mined in 2005 (DME, 2005). This is only the useful minerals
extracted. Every mineral has a different material intensity, or ecological rucksack
e.g. for every tonne of ore mined only 2-4 grams of platinum are produced
(Kruyswijk, 2008). Computing the ecological rucksack of mining the total earth
moved by mining each year equates to 3000' million tonnes. This is equal to

excavating Table Mountain every 4 years.

Industry is equally energy intensive. The South African industry uses directly and
indirectly 73%?2 of all coal produced for South Africa. It uses 99.5% of all gas
produced, 53% of all electricity produced and in total 41% of al primary energy
(DME, 2005b). Industry also contributes 35%° (NEAA, 2003) of the total CO,

emissions in the country.

2.3 Direct social impacts of industry

Industrial success also had direct social impacts. During the industrial revolution
management had great success in applying systems tools in the economic sphere.
Think of the successes that Frederick Taylor's “Scientific Management” and Ford’s
manufacturing philosophies have brought to companies. It can be argued that these
philosophies, gave a better understanding of processes, for example large efficiency
gains were achieved, but the understanding of people’s role in the system was often
warped. For instance extreme work specialisation, a feature of Taylor and Ford’s
philosophies led to low worker morale and resistance as their jobs became less and
less meaningful and heavily controlled (Forza, 1996). Neglecting the social aspects of

production led to efficiency ceilings being reached and social problems.

! The material intensities were primarily obtained from the Wuppertal Institute (2003)
2 This includes the mining industry and the indirect use of coal through electricity
consumption.

3 This also includes indirect emissions through the use of electricity.
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3 THE ENTERPRISE

3.1 Systems Paradigm

Now that the larger social, economic and environmental context is understood, there
can be considered how individual enterprises fits into this context and the role of
enterprises in society can be explored. Again the key is to look at the enterprise from

a systems perspective.

3.2 The Purpose of the Enterprise

Environment

SELELEAYR  Fulfill

social need

Figure 8 An enterprise is only a small subsystem of larger systems

The business enterprise as an institution is an organ of the economy and society
(Drucker, 2001). Therefore an enterprise does not exist for its own sake, but for the
sake of society. It is also logical to conclude from the previous discussion on the Daly
framework that an enterprise, as a sub system of the economy, should exist to fulfil
a specific social purpose and to satisfy a specific need (the intermediate and ultimate

ends) of a community or individuals.

According to Drucker (2001) a business’s purpose is always coupled to the customer

it serves and therefore business does not exist to care for its employees or to care
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3.3.2 Impact of Stakeholders

The social and environmental problems are part of the larger system, as described
previously, that the business takes part in and may not be the result of the individual
business, but it will inevitably affect it. It is the enterprise’s responsibility to
anticipate these problems and changes and transform it into business opportunities.
For instance Ford in 1913, saw the challenge of increasingly bad labour relations as a
business opportunity. Ford more than doubled its standard wages, which resulted in
happier workers (less staff turnover), more profits and changing America’s labour
landscape (Drucker, 2001). Today the environmental challenges of waste
accumulation and climate change, and social challenges such as poverty and

HIV/Aids represent similar business opportunities.

3.3.3 The Stakeholders

As noted above it is crucial for the sustainability of a business to identify and know
the impact it has on its stakeholders. Unfortunately businesses often only limit their
perspective to those stakeholders in the economic sphere (see Figure 9). It was
argued in section 2.3 that these stakeholders’ needs are also only narrowly

considered.

£

suppliers

-

3 2r
T matonals oducts

Shareholders

Figure 9 A limited systems perspective exists of an enterprise and its stakeholders (Adapted
from Interface Inc. (2008))



Sustainability, however entails that a broader perspective on stakeholders and their
needs be taken. From a sustainability perspective the entities shown in Figure 9, also
have interdependent relationships with entities outside the economic sphere, which
cannot be ignored. These outside stakeholders may include; families, communities,

business partners, governments and the natural environment (see Figure 10).
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Figure 10 The stakeholders of an enterprise (Interface Inc., 2008)

These stakeholders often have strong linkages to future generations and their needs.
For instance creating vibrant and healthy communities would have a direct impact on
how children will be brought up in the future, or wasting natural resources would

affect future production capacity.

3.4 Shareholder Value and Profit

There is one group of stakeholders that demands specific attention: the



Figure 14 Natural Step Funnel

One of the focus areas of a systems thinking is the interrelatedness of events. Events
cannot be considered individually, but as part of “patterns of behaviour” of the larger
system (Haines, 1998, p 14). The funnel metaphor of the Natural Step framework is
a tool to visualise this environmental limits in which organisations must operate (see
Figure 14). The top wall represents a decline of natural capital and the bottom wall
the societal demand for these resources. The area between the walls of the funnel

represents the space where business finds itself.

The gap between the walls of the funnel narrows as nature’s ability to provide
natural capital declines, while the economy is demanding more resources from the
natural systems. Narrowing of the funnel leads to increased competition for the
remaining natural capital, which leads to social problems such as inequality, conflict

and limited access to resource that fulfils basic needs such as water.

Business must negotiate these walls which may appear as separate “events” such as
higher costs for natural resources, energy, fuel and environmental taxes, regulations
and environmentally concerned customers. In most businesses today these problems
are seen as separate events rather than “patterns of behaviour” of the larger
system, which leads to reactive rather than proactive behaviour. The resilient
company would recognise the systemic nature of these problems and avoid the walls

by aiming at the centre of the funnel.

High level abstractions of the conditions that govern these walls are necessary.
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4.1.1.1 System Condition 1: Materials from the earth’s crust

Nature
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Economy

‘ Nature’s
assimilative ability

Figure 15 Mined and manmade substances should be kept in closed loops in the economy to prevent

breaking system condition 1 or 2. Leakages should be kept smaller than nature’s assimilative ability

Material from the earth’s crust refers to mined substances. System condition 1
entails that all materials that are mined e.g. metallic minerals, non-metallic minerals
and greenhouse gas emissions from fossil fuels should not increase to a level above
nature’s assimilative ability. Therefore particular attention must be paid to the
persistence, abundance and eco-toxicity of minerals (Chambers, 2008). This implies
that mined materials should be kept in society without leakages to the environment.
This can only be achieved if materials are kept in closed loop cycles (see Figure 15)
in the economy without losing its raw material qualities. For more on closing material

loops refer to section 5.2.1.

Problems associated with breaking this condition include climate change, metal
contamination of ground and surface water, acid rain, metal toxicity affecting

animals and cancer caused by metals in human bodies.

4.1.1.2 System Condition 2: Materials produced by society
Condition 2 refers to all manmade compounds, such as plastics, polyvinyl chloride
(PVC), dichloro-diphenyl-trichloroethane (DDT), polychlorinated biphenyls (PCBs),
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worth imitating, characteristics such as diversity, interdependence, connectedness,
cooperation, community and locality. These characteristics are especially important
to ensure that industrial ecology has the necessary width to be applied as a design

framework towards sustainability, and not neglecting social issues.

Therefore broad system design principles from literature based on nature were
identified. These principles are not necessary conditions for sustainability, but rather
strategies and principles to achieve the state of sustainability. Therefore these
principles must still be applied within the context of the conditions for sustainability

that was indentified previously. These principles are discussed next.

5.2.1 Closed Loop Material Flows

Closed loop material flows are probably the most emphasised principle in the field of
industrial ecology (Korhonen, 2004). It is sometimes called the “Waste as food”
principle (McDonough & Braungart, 2002) and refers to the fact that in nature,
“waste” from one process can be food for another process. For instance humans
exhale CO,, while plants uses CO, in their processes and among other products
produce O, which humans inhale again and thus completing the loop. Closed loop
strategies will be important strategies to satisfy the natural and manufactured capital

sustainability conditions.

The cyclical flow of nutrients in nature is in direct contrast to the linear “cradle to
grave” material flow of the industrial system. The industrial system should be
designed to imitate these cyclical flows. McDonough and Braungart (2002) states
that by closing material loops the concept of waste is eliminated which is a better
strategy than the minimisation of waste. This principle should not to be mistaken
with traditional recycling, which is actually “downcycling”, because the quality of the
materials is not maintained through the recycling process and the materials will
eventually end up on landfills (McDonough & Braungart, 2002; Braungart et al.,
2007).

To maintain the quality of materials through product lifecycles McDonough and

Braungart (2002) proposes a strategy called “cradle to cradle®”. They differentiate

® Walter Stahel is credited for inventing the term “cradle-cradle” (Hawken et al., 1999)



between two nutrients, biological nutrients and technical nutrients. Biological
nutrients are organic substances and technical nutrients are all other substances
such as mined and manufactured materials (Figure 16). The biological nutrients
enter the industrial system only temporarily and after its use go back to nature. In
contrast, the technical nutrients enter the industrial system and continue to be used
in closed cycles. These are powerful metaphors which are being used in large
companies such as Ford, Nike, Herman Miller (Waste = Food, 2006) and Interface
Inc. (Natrass & Altomare, 1999).
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Figure 16 Cyclical material flows (Senge & Carstedt, 2001)

The work in the field of industrial ecology has largely focused on this principle from
which the concepts of industrial metabolism and industrial symbioses have emerged.
Industrial metabolism refers to industry behaving like an organism with a
metabolism (see section 5.3.1), and industrial symbiosis (see section 5.3.2) refers to
entities in an industrial community using by-products from each other in a symbiotic

manner.

5.2.2 Diversity
Diversity is nature’s defence mechanism. Nature’s survival is based on its diversity of

species and their interdependency. Diversity could be likened to nature’s “human



local natural and social environment. Emphasis must be placed on using local
resources e.g. material, energy and people. Products, processes should be designed
to take into account local limiting factors e.g. products and machinery that conserve
water in water scarce areas. Enterprises should also adapt to and manage local social

ills such as poverty, HIV/AIDS etc, which will have an impact on its business.

5.3 Industrial Ecology Concepts

5.3.1 Industrial Metabolism

Industrial metabolism is a metaphor that is based on the cyclical material flows of
nature. Ayres and Ayres (2002) state, “Industrial Metabolism conveys the descriptive
idea of the industrial system as a living complex organism, ‘feeding’ on natural
resources, material and energy, ‘digesting’ them into useful products and ‘excreting

o

waste’™,

Industrial metabolism analysis highlights the difference between nature’s material
flows and industry’s material flow. In nature materials flow in closed loops, however
in the industrial system material flows linearly from cradle to grave. In industrial
ecology these flows are studied with analytical tools such as material flow analysis
(MFA) and life cycle assessment (LCA). Using these tools a better understanding of

impacts related to human activity on the environment are gained.

5.3.2 Industrial Symbiosis

Industrial symbiosis is a high level application of industrial ecology. The concept
involves the use of by-products from one industry as inputs for other industries, in
imitation of natural systems where every output is an input to another natural
system. Doing so, mutually beneficial relationships between firms in an area are
established.

The most famous case of industrial symbiosis exists at Kalundborg in Denmark,
where an industrial ecosystem has spontaneously evolved over the last three
decades (Fiksel, 1996). The main role players in the industrial ecosystem are a
power station, a refinery, a plasterboard factory, a pharmaceutical company and the

municipality of Kalundborg.

In Figure 17 the energy and material flows are shown of the industrial symbiosis at
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Figure 17 The industrial symbiosis at Kalundborg (Peck, 1996)

5.3.3 Service Economy

The service economy is a concept or business strategy that is often mentioned
together with industrial ecology and is of great importance for sustainability in
enterprises (Fiksel, 1994; Brent et al., 2008). It implies rethinking the way
companies, specifically manufacturing companies, create value for their customers.
It shifts attention away from selling products to selling the utilisation of the product.
The premise of the service economy is that the wellbeing of the customer is not
primarily related to the physical product, but to the function of the product. Thus if
value could be disconnected from the material itself, then it would also be possible to
disconnect human wellbeing from the rapid flow of materials through the industrial
system to landfills. The concept was first proposed by Walter Stahel and Michael

Braungart in the mid-1980’s independent of each other (Hawken et al., 1999, p 16).



In a service economy the focus is on what the customer really wants, what is the
true need of the customer? How does the producer perceive the value that the
customer gets out of a product? Customer satisfaction and wellbeing becomes a
priority. In such a business model, a car company does not sell cars but mobility, a
lighting company does not sell light bulbs, but illumination and an air conditioner
company sells comfort. The long term competitive advantage for companies will then
come from the service provided. Revenues would come from leasing rather than
selling equipment. Such a business model extends the producer’s responsibility
towards the product and lays the platform for cultivating long term relationships with

customers and also for closing material loops (Figure 18).

Implied in the service economy is product life extension. Products must be designed
to maximize service over its life time, while at the same time considering reusing,
remanufacturing and recycling of products. Design strategies to accomplish this are
part of the design for the environment (DfE) field (see section 10.5) a field closely
related to industrial ecology, which focuses on product development. Figure 18
describes the different material loops. Stahel (1994) states that the smaller the loop

the more financially feasible is the process.
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Figure 18 The closed loop service economy (Stahel, 1994)

A service economy would theoretically create an economic incentive for the
manufacturer to focus on the whole lifecycle, since the long term competitive

advantage would come from providing the service and the service cost is mostly




6 DEVELOPMENT OF THE ROADMAP

6.1 Sustainability Roadmap

The previous chapters have focused on defining sustainability and the sustainable
enterprise. Conditions for sustainability were identified and also strategies and
principles to achieve these conditions based on the field of industrial ecology. Pitfalls
were also identified that should be avoided when developing a strategy towards
sustainability. Using the knowledge gained from the preceding chapters a roadmap

will be developed to guide organisations in developing a sustainability strategy.

The sustainability roadmap is a strategy development tool and its aim is to facilitate
a top-down and bottom-up process of integrating sustainability into an organisation
(see Figure 19). The logic is that the sustainability vision is driven from the
leadership, while employees are empowered to create solutions that would move the
company towards this vision. This would allow the company to be in a state of
continual change and ensure that it is adaptable in a constantly changing business

environment.

Top down vision
diffusion

Bottom up
employee
operational
creativity

Figure 19 The down-up process of the Sustainability Roadmap

The roadmap places emphasis high level design considerations and basic principles,
such as the sustainability conditions, which sets the boundaries in which employee
creativity can be encouraged. The training and learning plan will play a critical role in

fostering bottom-up innovations.

6.2 Visual Representation of the Roadmap
The visual representation of the roadmap is shown below. The roadmap follows

linearly through 7 steps from awareness to implementation. The implementation step



4. Product - this describe the physical products and services delivered by the
company.

5. Place - the physical architecture e.g. buildings and physical infrastructure
(Manufactured Capital).

6. Profit — this architecture refers to the distribution and management of the

money in the company (financial capital).

Figure 21 The sustainability architectures of an organisation

There should be differentiated between the people architecture and employees. As
was shown in chapter 3, the most important part and the critical constraint of a
sustainable enterprise is the people in the company. Collins (2001) state that it is
the principle of “First Who then What” and Catmull (2008) confirms that the “right”
people are more important than the right ideas. Therefore the diagram, Figure 21,
include the employees (the silhouettes) as the background of the diagram, while the
people (human and organisational structures) architecture is represented by the top

circle. Employees are involved in and influenced by all the architectures.

8.1.2 Stakeholder Engagement

Figure 10 (page 21) shows a diagram of a typical modern company, developed by
Interface Inc. (2008), within which many of the stakeholders of an enterprise are
recognised. This model can be used as a basis for analysing the As-Is state of the

enterprise.



9 TO-BE

The To-Be state refers to the long term sustainability vision of the organisation.
Creating a vision is crucial to motivate and stimulate innovation among employees.

This To-Be vision will be defined using the method of backcasting described below

9.1 Backcasting

Backcasting is a scenario planning method. Backcasting entails moving back from a
future state (where all the conditions for success have been met) to the current
situation and then determining the best path towards this vision. Backcasting in the
context of sustainability differs from normal scenario planning since the future
scenario is developed with the sustainability conditions as constraints, rather than

backcasting from different scenarios (Robért et al., 2004).

Backcasting ]

Figure 22 Backcasting

Backcasting has been recognised as an important planning method. Dreborg (1996)
states that backcasting is particularly useful when:

1 The problem to be studied is complex.

2 There is a need for major change.

3. Dominant trends are part of the problem.

4 The problem is largely a matter of externalities.

5 The scope is wide enough and the time horizon long enough to leave
considerable room for deliberate choice.



9.3 Whole Systems Perspective
As in the As-Is analysis the whole systems view of the enterprise is the first priority.
Below, Figure 23 shows a useful whole systems perspective of the To-Be (state the

restorative state) of an enterprise.
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Figure 23 A whole systems perspective of a sustainable enterprise developed by Interface Inc. (2008)

Firstly the enterprise is primarily focused on the need it fulfils in society (specifically
how it contributes to the ultimate end), by focussing on the service/products it
delivers to its customers. By doing this, it has optimised its impact through its value

chain to create the most benefit for its stakeholders (see contrast with Figure 10 on



10 TRANSITION PLAN

10.1 Identify Gap between As-Is and To-Be

The first step in developing the transition plan is to identify the gap (the difference)
between the current As-Is situation and the To-Be future of the enterprise. The gap
should not immediately be broken down in the different architectures of the
enterprise. The whole system gap, the net system gap, must first be studied in order
to understand and grasp the interrelationships and possible synergies between the

different architectures.

Figure 24 Whole system gap between the As-Is and To-Be must be identified

Proposals now need to be generated on how this gap can be bridged. When
generating these proposals take into account that this is a high level transition plan
and therefore specific implementations procedures do not have to be considered yet

(this will be done in the Projects step).

10.2 Generic Transition Plan

Since this is a sustainability change program, the gap will always be between
unsustainability and sustainability. Through reviewing literature, specifically literature
relevant to industrial ecology, the Natural Step framework and manufacturing
enterprises the following generic transitional plan is proposed to help an enterprise

plan towards sustainability.



This transition plan is based on the following strategies, which are not tools, but

rather strategic guidelines:

Lean Thinking (Womack & Jones, 1996)

Natural Capitalism (Hawken et al., 1999)
Interface’s 7 Fronts (Interface Inc, 2008)

Cradle to Cradle (McDonough & Braungart, 2002)
Natural Step Investment strategy (Robeért, 2000).

wi s wbHbpH

The vision that was created in the To-Be phase is long term and therefore it is
necessary for it to be broken down into small steps. This will allow progress to be
more systematic without being overwhelmed by the long term vision. The transition

plan can be divided into five steps each with its own descriptive milestone.

To-Be

° ‘Joyful
Closed

Loo
.Lean & P
Clean
“Lean

Figure 25 The 5 steps towards the To-Be vision

In addition, the four steps are also sub-divided into five fronts (see Figure 26), which
should be executed in parallel. The five fronts are:

1. Radical Lean

No Emissions

Closing the loop

Joy at Work

wikwN

Business Logic

The word front is borrowed from Interface Inc., which likens their strategy to achieve
sustainability, the 7 fronts, to the faces of “"Mount Sustainability”, emphasising that

the different fronts are executed simultaneously and are directed towards one goal
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Figure 26 Generic transition Plan
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Figure 27 The 6S workspace philosophy (EPA, 2007)

Lean techniques also strongly advocate teamwork through cross functional teams,
which make lean strategies “inherently egalitarian” (Womack & Jones, 1996, p 97).
Although the initial planning for the lean transformation of an organisation is a top-
down process, the rest of the problem solving should be driven by employee
suggestions through the cross functional teams (Womack & Jones 1996), which is in
line with the To-Be vision.

10.3.1.3 Stakeholder: Nature and Communities

Lean techniques, as mentioned, focus on reducing waste. Environmental waste is not
directly included in the so called “deadly wastes”, however the systemic nature
(connectedness) of the manufacturing system implies that environmental waste are

also reduced when applying lean (see Appendix 7).

Community stakeholders are only indirectly considered, because lean techniques lead




example follows: Much electricity can be saved by incorporating day lighting, energy
efficient lights, superwindows and better HVAC (heating, ventilation and air
conditioning) controls into the building’s structure. These measures seem to be
costly, but when considering the whole system, the smaller HVAC system that is
needed and the increase in worker productivity would yield a high return on

investment.

10.3.3 Integrating Lean and Radical Resource Productivity

The integration should start at the value stream mapping. EPA (2007) proposes that
natural resource flows be integrated with the value stream mapping. Value stream
mapping focuses on time used for each process, but can be expanded to incorporate
natural resources such as materials, water and energy. Lean analysis of the
processes would then explicitly identify natural resource waste (see Figure 28). The
diagram can be adjusted for water, energy or any critical substance. Whole system
design techniques can then be used to identify radical resource productivity

opportunities by studying the processes.

f Milling Welding
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Materlals Wasted = 50 Ibs
Top line: Bottom line:
Materials used by Materials added to
process product during

process

Figure 28 An example of how environmental criteria can be integrated into value stream

mapping

Evaluation of the Radical Lean front based on:



10.5 Closing the Loop

The goal of the Closing the Loop front is to design products and processes that allow
the material loops to be closed, but with particular focus on product development.
Design for the environment (DfE) is a field with this aim. DfE can be defined as the
design of safe and environmentally friendly products (Fiksel, 1996, p 51), thus not
only considering the impact of product designs on the environment, but also on
humans. DfE focuses strongly on optimizing design over the whole lifecycle (Fiksel,
1996, p 67). DfE strategies broaden the product design scope by incorporating life
cycle considerations such as recycling and disassembling. There is a considerable
overlap with other, well established design strategies, such as design for
manufacturing and assembly, which allows for synergies between these strategies
(Fiksel 1996, p 93). For example making products simple to manufacture and

assemble would also reduce the effort of disassembly and recovery of materials.

Practical guidelines, from (Fiksel 1996, p 93) for integrating DfE considerations in the
product lifecycle are shown below. The DfE field consists of many “design for”

strategies which are mostly closely related and overlapping.
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