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A Framework for Factor Five

The Natural Edge Project

Building on from Factor Four
In 1997, the book Factor Four brought together 50 case studies from around
the world that demonstrated the potential to profitably achieve significant
improvements in resource productivity. This concept transformed how many
economists, policy makers, engineers, entrepreneurs and business leaders
thought about innovation, environmental protection and wealth creation. The
book was among a small number of books that inspired the formation of The
Natural Edge Project (TNEP), as it not only assured us that significant innovation in resource productivity, and hence reductions in environmental pressures,
was available, but it also made engineering and design exciting, even in the face
of a looming global environmental catastrophe. The book, translated into 12
languages, effectively demonstrated to the world the value to business and
government of moving on from environmental protection and pollution
control, to a focus on resource productivity and pollution prevention.
Specifically, the case studies in Factor Four included:
•

•

•

20 energy productivity case studies covering cars, buildings, superwindows, appliances, super-refrigerators, lighting, office equipment and
computers, food with low freight miles, fans/pumps and motor systems,
and air-conditioning;
15 materials productivity case studies such as durable products, electronic
books/catalogues, reducing material flows in industry, retrofitting rather
than demolishing buildings, and various options for recycling;
5 water productivity case studies such as subsurface drip irrigation, water
efficiency in manufacturing, residential water efficiency and reducing water
usage in cotton production;
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10 transportation case studies such as car design, railways, light-rail, bus
rapid-transit systems, videoconferencing and email to avoid travel, and car
sharing.

Part 1 of this new book, Factor Five, builds on from these insights to demonstrate that after 15 years there is now real potential to cost-effectively achieve
80 per cent, or fivefold, improvements in resource productivity across most of
the major sectors of the economy – that is buildings, industry, agriculture and
transport (and further presents a number of supporting online Sector Studies,
in the pulp and paper, information, and food and hospitality sectors). This new
publication is not designed to replace but to complement the original work and
we recommend that readers first read Factor Four.1 Thus, taken together, these
two books show how at least 75–80 per cent resource productivity improvements can be made throughout most sectors of the economy. Factor Five
deliberately focuses on the sectors that are responsible for most of the global
energy, water and materials usage, and greenhouse gas emissions. Part I
provides a guide to inform efforts to technically achieve significant resource
productivity improvements cost effectively. Part II then outlines many years of
experience by Ernst von Weizsäcker in ‘Making it Happen’, and covers topics
such as the effectiveness of regulations related to the environment, the use of
economic instruments, dealing with the rebound dilemma, and presents his
position on long-term ecological tax reform, in light of the need to balance
private and public goods. The book is then concluded by Ernst commenting on
the concept of ‘sufficiency’ and how this will play a role in the future of our
global society.
Even though it sounds obvious, the first place to start is in asking the
right questions before beginning a design, rather than assuming the answers
from the last time, as this has been shown to lead to significant resource
productivity improvements, cost reductions, and superior performance and
outcomes. This process is often undertaken as part of a facilitated scoping
or design charrette or workshop that involves the design and project teams.
The process often starts with raising the question of ‘what is the required
service or product, and how else can this same service or product be
provided with less environmental impact?’ Asking such a question typically
leads to different or new design options being selected that can dramatically
change the outcome of the design but still provide the same service. As the
Sector Studies in this book show, there are now a range of profitable options
for meeting society’s needs and providing products and services that have a
significantly reduced environmental impact than previous solutions. As
Head of Engineering Practice for the Institution of Engineers Australia,
Martin Dwyer explained when reflecting on the work in the book Whole
System Design, ‘Systems thinking and asking the right questions opens up
far more design options and solutions than we first think. And some of
those solutions bring the breakthrough improvements that go far beyond
the incremental’.2
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For instance, when considering the need to meet with clients and partners, a
number of companies now use videoconferencing to reduce the use of air travel;
or when considering how to light a building, more and more designers are using
natural light, light shelves and advanced lamps to reduce the use of energyintensive lights; or when considering the need for cooking equipment, a number
of restaurants are now installing super-insulated equipment to reduce the generation of heat that air-conditioners are generally employed to overcome. On a
larger scale, when considering how to provide the building industry with
cement, innovative companies are now making geopolymers to replace the
energy-intensive Portland cement. Furthermore, power utilities are now investigating options to meet growing demand with energy efficiency measures in a
way that provides real financial rewards to both the utility and the customer. By
asking the right questions at the start of the design process, or in the beginning
stages of a retrofit design, the nature of the essential design outcomes can be
clarified along with the required energy and resource inputs. This will then
allow the consideration of alternative ways of achieving the required outcomes,
or even ways to reduce the need for it. For example, a car manufacturer may ask
what service its product provides – essentially the answer is mobility, but it also
enables the creation of significant amounts of greenhouse gas and other pollution. Hence the company can ask itself, ‘is there another way to provide
mobility and reduce the environmental pressure?’ As Chapter 5 will outline, this
can be done through both the redesign of cars and in reducing the need to use
them. For example, by increasing the use of public transport options or by shifting freight carriage to lower-impact modes – with both options requiring
vehicles to be designed and maintained – a potential new market is created for
the forward-thinking car companies of today (much like the steam railway
engine companies that shifted into making cars in the mid 20th century).
The basic premise is that fundamentally people do not want barrels of oil
or cars, kilowatt-hours or coal-fired power stations, electrons or incandescent
light bulbs, or steel tins and aluminium cans. Rather, people are interested in
the services that these products provide, such as mobility, energy, lighting and
a container in which to store food and drink. Rather than continuing the
previous mindset for the delivery of such services, a holistic approach to
design opens the door to considering a new and expanding range of exciting
options. Hence, if designed appropriately, the same energy, lighting and
container services can be provided by renewable energy, energy-efficient light
globes and natural light, and cans made from recycled metals, many of which
can be recycled endlessly. In each case the consumer would be unaware of the
change behind the scenes as the service they require is delivered; however, the
resulting reductions in energy demand, greenhouse gas emissions and
pressures on the environment could be significant. Along with such changes
behind the scenes to the design of products and services, consumers can of
course make choices to reduce resource consumption and the associated
environmental pressures. For example, ask yourself how else can you get to
work other than using your car? For instance, if getting to work by train was
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faster, cheaper and more reliable, would you take the train? We suggest that
most would say ‘yes’, but most would also say that the current form of public
transport available to them was neither faster nor more reliable than taking
their car. However, if the system is designed appropriately, as it is in a number
of cities,3 public transport can provide a very competitive alternative, as well
as significantly reducing the energy consumption, and greenhouse gas
emissions per passenger.
The Sector Studies chosen for Part I of this book feature sectors of the
economy that focus on fundamental human needs, namely: the need for shelter
and places to work and play (design of buildings and the manufacture of steel
and cement); the need for food and water (agricultural practices and operations); and mobility/trade of goods and services (transportation). At a
fundamental level, many of these services can be made significantly more
resource productive, reducing their resource consumption and associated
environmental impacts – as well as their use being able to be reduced and
substituted by lower-impact options, and even eliminated through lifestyle
choices and a focus on sufficiency, as expanded in Chapter 11. Humankind has
been researching, innovating and experimenting with better ways to meet these
needs for thousands of years. Yet, as each of the Sector Studies will show, it is
still possible to achieve Factor Five, or 80 per cent, resource productivity
improvements, starting with asking the right questions.
Each of the Sector Studies seeks to cover a number of critical questions
relevant to most sectors, including the following ‘right questions’:
•

•

•

Is the current method of delivering the product or service the only way to
do so? (Often the first thought when answering this question is ‘yes’;
however, further investigation in most sectors leads to a range of alternatives – from system upgrades, such as energy-efficient motors in an
industrial application, to completely new processes, such as shifting to a
process to predominantly use scrap metal rather than processing primary
resources to make steel.)
If it is the only way, what are the major areas of energy, water and materials usage? What options are available to reduce the need for such inputs?
What alternatives are available to provide these inputs that have lower
environmental pressures? (The search for such alternative options and
inputs can be driven by a requirement to reduce environmental impacts,
but also as part of a strategy to improve competitive advantage by reducing input costs, which are inevitably set to increase in the future as
availability and impact are factored in.)
If it is not the only way, what alternatives can be used to profitably deliver
the product or service with less resource intensity and environmental
pressure? (For instance, in Chapter 3 we show that geopolymers can be
used to create cement with at least 80 per cent less energy intensity, while
eliminating the significant process emissions of greenhouse gases associated with Portland cement.)
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Once the initial questions as to the best way to meet the design requirement
have been answered the conceived system needs to be benchmarked against
best practice in order to understand the potential for performance. For
instance, if a state-of-the-art subsurface deprivation drip irrigation system (as
presented in Chapter 4) has been selected (rather than the typical flood irrigation system) the designers need to study applications of such designs in order to
understand the potential of the system and to investigate the operating parameters. However, in many cases the new design concept will be part of an
emerging wave of innovation as explained in the Introduction and hence there
may be little precedent to provide a benchmark. Further, even if there are established examples of the new design, such processes and methodologies are
unlikely to be incorporated into university or professional development
courses. In this case modelling based on the theoretical performance, and
calibrated by the current best practice, can be used to guide the expectations of
the design. As the International Energy Agency (IEA) reported in 2006:
The energy intensity of most industrial processes is at least 50%
higher than the theoretical minimum determined by the laws of
thermodynamics. Many processes have very low energy efficiency
and average energy use is much higher than the best available
technology would permit.4
Although designing projects that are outside the realm of the well-established
solutions is challenging, it can offer significant rewards, especially as the
requirement to reduce environmental pressures is only set to increase in the
future. Leading Australian whole system designer, Adjunct Professor Alan
Pears, states that:
I have used benchmarking and modelling as part of a whole
system design approach to improve resource efficiency of
products and industrial processes often by a Factor of 2 or better.
An exciting consequence of applying a whole system design
approach is the drastically reduced need for end-of-pipe treatment, both in the local area and potentially in the wider air, soil
and waterways.
It is also important to consider ways to increase the flexibility of the design
outcome to help improve the utility of the design at the end of its life.5
Opportunities include: designing buildings so that when they are dismantled
materials can be re-used; designing manufactured products and transportation
vehicles to maximize recyclability; and designing systems that can be used with
a variety of renewable energy options. For instance, Chapter 5 shows that it is
possible to significantly improve the fuel efficiency of cars, which then opens
up new renewable energy and fuel options. General Motors’ new plug-in
hybrid concept car, the Voltec, is designed so that the car can run on petrol,
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bio-fuels or hydrogen, ensuring that the car design can take advantage of
whichever fuel mixtures dominate the market in the future.

A whole system approach to resource productivity
Before presenting the in-depth Sector Studies it is important that we address a
critical barrier to the achievement of Factor Five improvements in resource
productivity – namely the fact that the designers, engineers, architects and
technicians of today are not versed in taking a whole system approach to
design. Astute readers of Factor Four would have realized that for many of the
case studies outlined, the large resource efficiency gains were actually achieved
because the whole system was considered in the design. However, even so,
many energy, water and materials efficiency projects have only dealt with
specific elements, say of a heating, ventilation and air-conditioning (HVAC)
system in a building, an industrial sub-process, or a particular part of a vehicle
or product, rather than considering the wider system. In many ways this is why
such projects have failed to capture the full resource productivity opportunities, and hence given a false appreciation of their potential. This is due to the
fact that in the past many of the savings captured from efficiency initiatives
have been smaller than what would have been theoretically possible if the team
of designers had worked together to consider the whole system. Such a process
was actually quite common among Victorian engineers in the 19th century,
when engineers and designers were trained across multiple disciplines and
could more easily take an integrated approach. According to Rocky Mountain
Institute, which through the work of Amory Lovins is reviving the art of whole
system design, ‘Whole-systems thinking is a process through which the interconnections between systems are actively considered, and solutions are sought
that address multiple problems at the same time.’6
In the influential book, Natural Capitalism, Lovins and his colleagues
explain that although many of today’s solutions are designed to produce an
optimized design, they actually produce sub-optimal solutions for three main
reasons: 1) components are optimized in isolation from other components; 2)
optimization typically considers single rather than multiple benefits; and 3) the
optimal sequence of design steps is not usually considered.7 Natural Capitalism
continued to say that:8
At the heart of this chapter, and, for that matter, the entire book,
is the thesis that 90–95 per cent reductions in material and energy
are possible in developed nations without diminishing the
quantity or quality of the services that people want. Sometimes
such a large saving can come from a single conceptual or technological leap… More often, however, it comes from systematically
combining a series of successive savings. Often the savings come
in different parts of the value chain that stretches from the
extraction of a raw resource, through every intermediate step of
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processing and transportation, to the final delivery of the service
(and even beyond to the ultimate recovery of leftover energy and
materials). The secret to achieving large savings in such a chain of
successive steps is to multiply the savings together, capturing the
magic of compounding arithmetic. For example, if a process has
ten steps, and you can save 20 per cent in each step without interfering with the others, then you will be left using only 11 per cent
of what you started with – an 89 per cent saving overall.
Building on from this and other leading work, the 2008 book, Whole System
Design: An Integrated Approach to Sustainable Engineering,9 by our team
from The Natural Edge Project (and dedicated in part to the work of Amory
Lovins), outlined a series of elements of a whole system design approach
intended to assist in achieving significant improvements in resource productivity. The whole system design elements combine and present many years of
experience and expertise from leaders such as Amory Lovins, Alan Pears, Ernst
von Weizsäcker, Bill McDonough, Michael Braungart, Ben Blanchard, Michael
Porter, John Todd and Janis Birkeland, to present a series of critical considerations for the design process, namely:
•
•
•
•
•
•
•
•
•
•

Ask the right questions to ensure the need or service is met.
Benchmark against the optimal system.
Design and optimize the whole system.
Account for all measurable impacts.
Design and optimize subsystems in the right sequence.
Design and optimize subsystems to achieve compounding resource savings.
Review the system for potential improvements.
Model the system.
Track technology innovation.
Design to create future options.

The book then compares such considerations to that of the standard design
approach before presenting five detailed worked examples that demonstrate
how a traditional design is undertaken, and then compares this to a whole
system design – a format suggested by Amory Lovins. The purpose of Factor
Five, however, is not to present a design process or methodology (as in Whole
System Design) but rather, as with Factor Four, to provide designers who are
seeking to undertake such a process with a clear and rigorous demonstration of
the potential to significantly improve resource productivity across all the major
energy- and water-intensive sectors (Part I). And to then provide policy makers,
business leaders and decision makers with an understanding of the role of
government in supporting such designs (Part II). The actual form of the design
process is up to the design team, but careful consideration of the above
elements is likely to achieve greater resource productivity savings. However,
considering and successfully applying such elements to either the design of a
specific product or process (such as the design of the process for producing
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steel) or to an overall project (such as a building or cement plant), is a subjective, iterative and complex process.
The reality that the engineering and design professions now face is that
even with significant advances being made by designers across the world, the
development of the academic field of whole system design, and sustainable
engineering more broadly, is in its early stages. Contributions such as those
outlined in Whole System Design are a start, demonstrating the significant
potential of this methodology to help identify and achieve large resource
productivity improvements, but significant progress needs to be made in the
field before it is the norm, and this presents a problem. Our amazing Earth
can’t wait for many years of trial and error, research and debate, publications
and papers, before we take steps to reduce environmental pressures on a
meaningful scale. Hence we need to learn from what is being done in all four
corners of the world and rapidly bring this knowledge together as a base for
significant resource productivity improvements in the coming decades. As
explained in Whole System Design:
Innovations in materials science, such as insulation, lighting,
super-windows, and distributed energy options, are creating new
ways to re-optimise the design of buildings. Innovation is so rapid
that six months is now a long time in the world of technology. For
example, consider the average refrigerator, for which most of the
energy losses relate to heat transfer. The latest innovations in
materials science in Europe have created a new insulation material
that will allow refrigerators to consume 50 per cent less energy.
Other examples include innovations in composite fibres that make
it possible to design substantially lighter cars, and innovations in
light metals, which can now be used in all forms of transportation,
from aircraft to trains to cars, and allow resource efficiency
improvements throughout the whole system.10
This is particularly important because, as Natural Capitalism points out, ‘by
the time the design for most human artefacts are completed but before they
have actually been built, about 80–90 per cent of their life-cycle economic and
ecological costs have already been made inevitable’.11 And as the design life of
new infrastructure, buildings, vehicles and appliances can be decades long,
decisions made by designers today can dictate much of humanity’s environmental pressure for both this and the next generation – which is unfortunately
the window of time in which significant progress in reducing environmental
pressures must be achieved. However, bringing such a breadth of information
together is only possible through the selection of an organizing framework,
and thus in the development of the Sector Studies we have chosen to structure
the material around the ‘Industrial Mitigation Matrix’, as presented in the
IPCC 4th Assessment.12 From the mitigation matrix we have selected eight key
strategies:13
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energy efficiency;
fuel switching;
heat and power recovery;
renewable energy;
feedstock change;
product change;
materials efficiency;
reducing non-CO2 greenhouse gases.

As preparation before moving into the Sector Studies we briefly discuss each
of the strategies above to provide the context and background to support their
use as a structure for the studies. In short, Strategy 1 is focused on reducing
the requirement for energy through a range of means, with Strategies 2 to and
5 exploring options for alternatives to carbon-intensive forms of energy. For
instance: fuel switching refers to transitioning operations away from fossil
fuels to other forms of fuel; heat and power recovery allows energy expended
onsite to create waste heat to be captured to offset input energy requirements;
renewable energy options are then used to meet the reduced demand; and
feedstock change is focused on changing the inputs to various processes,
particularly through the use of recycled materials, to reduce resource intensity.
Strategy 6 then focuses on options to change the product, goods or services, to
reduce resource intensity. Strategy 7 is applied mostly to water throughout the
Sector Studies; however, a range of other materials productivity opportunities
are presented. Strategy 8 looks to reduce non-CO2 greenhouse gas emissions,
some of which have staggeringly larger global warming potentials and atmospheric lifetimes than CO2, with rapidly growing emissions levels.
As the studies will show, depending on the particular sector different strategies will be of differing importance and will yield differing levels of
improvements in resource productivity. However, the message from each sector
is that it is an innovative combination of a range of strategies applied to the
whole system at the early stages of design or retrofit that yields the 80 per cent
improvements touted to be possible in this book. Hence rather than a stepwise
roadmap to the various options for improving resource productivity, the Sector
Studies provide an exciting and creative menu of options to be explored,
integrated and tailored to each design or planning outcome.

1 Energy efficiency
Energy efficiency opportunities are a significant focus of this book because they
are the quickest, easiest and most cost-effective way to start to improve energy
productivity and reduce greenhouse gas emissions. As Factor Four pointed out,
‘In the mid 1970s, the engineering–economics debate centred on whether cost
effective energy savings = 10–30 per cent. In the mid 1980s, the range of the
debate had shifted to 50–80 per cent. In the 1990s, some of the best practitioners were achieving 90–99 per cent in some situations’.14 Hence, energy
efficiency has already achieved remarkable results – with the ‘US Alliance to
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Save Energy’ further estimating that the US economy would be at least 50 per
cent more energy intensive today without the efficiency gains that business and
households have made since the early 1970s. A Time Magazine article sums it
up well stating that, ‘This energy saving since 1973, is more than the energy the
US gets from oil, twice what the US gets from coal or natural gas and six times
what the US get from nuclear plants’.15
This book brings together new evidence to show that despite these
improvements in energy efficiency, significant opportunities for further
improvements remain. For instance, the American Council for an EnergyEfficient Economy argues that energy efficiency could add US$100 billion to
the US economy, at a cost of US$30 billion.16 Furthermore, sustainable design
expert Amory Lovins argues that today’s best techniques could save the US half
of its oil and gas and three-quarters of its electricity.17 This would allow the US
to all but halt imports of oil, deliver consumers and businesses lower utility
bills, and significantly reduce the nation’s greenhouse gas emissions. A 2008
McKinsey study found that a global effort to boost efficiency with existing
technologies could have ‘spectacular results’, eliminating more than 50 per cent
of world energy demand by 2020. McKinsey’s results from across all major
sectors shows that the economics of investing in energy productivity provides
an excellent return on investment, ‘With an average internal rate of return of
17 percent, such investments would generate energy savings ramping up to
$900 billion annually by 2020’.18
In the following Sector Studies we provide evidence to support designers,
planners, policy makers and citizens to assist efforts to ensure that significant
improvements in energy efficiency can be achieved across the major sectors.
These Sector Studies are relevant for all OECD countries, but are even more
relevant and critical for developing countries, as the McKinsey Global Institute
explains:19
By choosing more energy-efficient cars and appliances, improving insulation in buildings, and selecting lower-energy-consuming
lighting and production technologies, developing countries could
cut their annual energy demand growth by more than half from
3.4 to 1.4 percent over the next 12 years… boosting energy
productivity could reduce fuel imports, lower the expense of
building new energy-supply infrastructure, lessen their vulnerabilities to future energy shocks, and lock in lower energy demand
for generations to come. Using solely existing technologies that
pay for themselves in future energy savings, consumers and
businesses in developing countries could secure savings of an
estimated $600 billion a year by 2020… Because of their positive
returns, energy-efficiency investments are the cheapest way to
meet growing energy needs.
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Hence this book focuses on a systemic approach to reducing the demand for
energy in an effort not only to create less pollution, but also to reduce the
demand that needs to be met, and hence improve the viability of new energy
generation options (however, a detailed presentation of such options is not
within the scope of this book). Such a focus on the end-users, be it buildings,
industry, agriculture, food production and retail or transportation, can yield
much larger reductions in resource consumption and pollution than first
thought. As Amory Lovins explains, designers can create a ‘cascade of
resource savings’ all the way back to the power plant, dam or original source
of materials:
An engineer looks at an industrial pipe system and sees a series of
compounding energy losses: the motor that drives the pump
wastes a certain amount of electricity converting it to torque, the
pump and coupling have their own inefficiencies, and the pipe,
valves, and fittings all have inherent frictions. So the engineer
sizes the motor to overcome all these losses and deliver the
required flow. But by starting downstream – at the pipe instead
of the pump – turns these losses into compounding savings. Make
the pipe more efficient … and you reduce the cumulative energy
requirements of every step upstream. You can then work back
upstream, making each part smaller, simpler, and cheaper, saving
not only energy but also capital costs. And every unit of friction
saved in the pipe saves about nine units of fuel and pollution at
the power station.
Amory Lovins, Rocky Mountain Institute, 199720

2 Fuel switching
According to the Intergovernmental Panel on Climate Change (IPCC), ‘While
some industrial processes require specific fuels … many industries use fuel for
steam generation and/or process heat, with the choice of fuel being determined
by cost, fuel availability and environmental regulations’.21 Hence the flexibility
exists to explore a range of options to use alternative sources of fuel in order to
generate steam and heat onsite, such as combusting natural gas, biomass and
waste materials. Such efforts are separate to those focused on capturing waste
heat onsite, as outlined in Strategy 3, or on renewable sources of energy, as
outlined in Strategy 4. By delivering fuels onsite to generate heat and steam a
focus on fuel switching can significantly reduce the generation of greenhouse
gases from fossil fuel-based central power stations, both by reducing the actual
demand and reducing the transmission losses associated with meeting the
demand through a large distribution system of ‘poles and wires’. Also, when
considering the use of petroleum for transport-related activities, switching
transportation fuels from petrol to appropriate bio-fuels, or electric options,
has the potential to achieve significant reductions in transport-related
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emissions – for instance, a Canadian company now claims to be producing
second generation bio-fuels that achieve Factor Five to 10 reductions in greenhouse gas emissions.22
As Chapter 3 will show, industries such as steel and cement are utilizing
waste materials, such as landfill methane,23 tyres, plastics, used oils and
solvents, and sewage sludge as alternative combustion fuels. Although many of
these may be originally derived from fossil fuels, the IPCC 4th Assessment
Report highlights the fact that diverting them from their original destination of
landfill or the incinerator (without energy recovery) results in an overall reduction in greenhouse gas emissions. The IPCC specifically highlights the steel
industry as having capitalized on the availability of waste plastics to provide an
alternative source of both fuel and a feedstock for the steel-making process.24
By pre-treating plastic waste and burning it in coke ovens and blast furnaces,25
the steel industry has been able to reduce emissions associated with the incineration and landfilling of those wastes, along with reducing their own demand
for fossil fuels. The report points out that research has shown that the use of
this technology in Japan has seen a reduction in the steel industry’s net
emissions by 0.6MtCO2e/yr.26
Also, various energy-intensive industries produce low-grade fuels as a byproduct of the production process, such as in the manufacture of paper
products. The pulp and paper sector is starting to utilize various processes and
technologies to improve conversion efficiency of biomass by-products for
power generation. For instance, the spent liquor produced from delignifying
wood chips (called black liquor) is normally burned in a large recovery boiler
to recover the chemicals used in the delignification process. However, as the
online Sector Study on the ‘Pulp and Paper Sector’ explains, technologies such
as ‘gasification’ allow not only the efficient use of black liquor, but also of
other biomass fuels such as bark and felling rests to generate a synthesis gas
that after cleaning is combusted with a high conversion efficiency (see
www.factorfiveonline.info).

3 Heat and power recovery
It may be surprising to many to read that for every unit of energy used by
consumers, it is estimated that two units are lost or wasted, mostly as heat,
without delivering any usable service. According to the 2000 UNDP World
Energy Assessment this is due to substantial losses in two main areas, firstly, in
generating the energy and making it available to consumers (up to 26 per cent),
and, secondly, losses in end-use processes and appliances (up to 37 per cent),
mostly as low- and medium-temperature heat.27 Considering that the 2005
world primary energy demand in all forms was almost 11.5 billion tons of oil
equivalent, according to the International Energy Agency (IEA),28 the loss of
63 per cent of this energy then equates to significant losses both in the availability of the resources used to create energy, and in the costs associated, not to
mention the unnecessary greenhouse gas emissions created. Hence when
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considering options to reduce the global demand for energy, relieving the
pressure it now places on the environment and reducing the demand for finite
resources, these two areas must form a key part of the strategy, particularly as
efforts in both areas can be complementary. For instance, a focus on the recovery of heat loss by capturing waste process heat – such as from exhaust gases
from cement kilns and steel furnaces, by recovering the heat from refrigeration
or cooking equipment in bakeries, restaurants and supermarkets, or through
the process of cooling milk on diary farms – can produce electricity and heat
for use onsite. Hence this not only reduces energy lost as heat, but also reduces
the demand from the electricity grid, and thus reduces the associated losses in
generating and distributing energy.
Currently, in much of the world, energy, in the form of electricity, is created
in centralized power plants and is then distributed through an extensive
network of ‘poles and wires’. In such a system, large steam turbines, gas
turbines or internal combustion engines are used to drive electrical generators
to produce electricity, which is then distributed perhaps hundreds of kilometres
to consumers. This process of electricity generation has a fuel conversion
efficiency of 25–45 per cent29 (meaning as much as 75 per cent of the energy in
the fuel can be lost when converted into electricity by the process), while longdistance transmission and distribution is about 91 per cent efficient (meaning
that up to 9 per cent of the energy produced is then lost along the way).30
Hence before the electricity gets to the user much of the energy contained in the
original fuel has been lost, with this being one of the main arguments for both
end-use energy efficiency and decentralized, and preferably renewable, energy
generation. Also, most industrial applications have a need for heat, and
currently the majority of heat demand is met using boilers, where electricity is
consumed or fossil fuels are combusted to heat water to produce steam. Boilers
can be found on just about every industrial site (there is almost always a
process that needs heat), and in many buildings in colder climates. On an
average industrial site, boilers can account for 20–60 per cent of energy costs.31
Boilers have fuel conversion efficiencies of 70–80 per cent or more32 when
correctly operated and maintained, while their steam distribution channels can
have widely varied efficiencies, but at most are about 90 per cent.
An alternative to centrally generated electricity being delivered through
extensive grid networks to provide industry with power, and the use of
separate onsite boilers to provide heat, is the now well-known option of a
‘combined heat and power’ system, also known as ‘co-generation’ or simply
‘co-gen’. It is not within the scope of this book to provide a detailed overview
of co-gen systems (refer to TNEP’s Energy Transformed program33); however,
the following explanation provides a basis to support the application of heat
and power recovery options in the various Sector Studies. Typically, in a co-gen
system, both electricity and heat (hot air, hot water or steam) are generated at
or near the point of use, usually with a gas turbine, and incorporating waste
heat, from either the co-gen process itself or from other sources such as onsite
process exhaust gases, being captured and re-used, and can result in significant
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overall fuel savings compared to centralized systems and separate boilers, as
shown in Figure 1.1 below. Capturing and using the waste heat through cogeneration significantly lifts the overall fuel conversion efficiency compared to
separate electricity and heat generation.34
In the co-gen system, electricity is generated using either conventional
turbine or engine technologies that are typically fuelled by natural gas or diesel
(or increasingly by biomass by-products such as in the pulp and paper industry), or emerging low-carbon options such as micro-turbines,35 fuel cells36 and
a range of renewable options. These processes are then coupled with a heat
recovery process, such as a heat exchanger where heat is recovered typically
through the creation of steam by using hot process exhaust gases or liquids
from equipment cooling processes. A typical example of such a combination,
referred to as a ‘combined cycle configuration’, involves using a gas turbine to
produce power, then using the output gases to produce steam in a boiler, and
finally using the steam in a steam turbine to produce more power. An example
of an innovative emerging combination involves using a high-temperature fuel
cell, fuelled by hydrogen-rich fuels, to produce electricity,37 then using the hot
output gases (that contain unspent fuel) for combustion in a gas turbine, with a
recuperator used to further recover the heat in the turbine output gas, which is
then channelled back into the fuel cell and turbine.38 There are several types of
fuel cells, each with their unique performance features, with solid-oxide or
molten-carbonate fuel cells being the most suitable for co-generation applications due to their high temperature output. While the capital costs of fuel cells
are still high, it is expected that cost will drop due to improved fabrication
techniques, mass production and, in the case of the proton-exchangemembrane option, reduced catalysts loads.39 Fuel cell co-generation systems
are already being used in applications across a variety of sectors, including in

Station
&
Grid

Source: Based on estimates by the American Council for an Energy-Efficient Economy40

Figure 1.1 Combined heat and power systems
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residential buildings, hospitals, hotels, office buildings, breweries, refineries,
shopping malls and car showrooms.41 Additional (typically smaller-scale) heat
recovery options also include: recovering heat through the use of absorption
chillers that cool hot fluids and gases by piping them through a tank of refrigerant, which is often water vapour in a vacuum that readily absorbs heat; or by
using desiccant dehumidifiers that remove heat from air prior to its cooling in
air-conditioners – with both options viable for heating or cooling, or electricity
generation in commercial buildings, manufacturing operations and a range of
other applications.
Co-generation systems are ideal for industrial sites, as both electricity and
heat are often in constant and relatively regular demand, which minimizes the
ramping up and down of the system. Consequently, the majority of the potential for co-gen applications – of which total current electricity capacity
accounts for just over 8 per cent of global demand – are found in the energyintensive industry sectors like steel, aluminium, cement, paper and printing,
chemicals, food and petroleum refining.42 Denmark leads the world in co-gen
adoption, meeting 52 per cent of its electricity needs in 2003 and supplying
heat mainly to district heating systems. Across the globe, the US leads in total
co-gen capacity installed, with 85GW in 2003, representing less than 10 per
cent of total demand.43 Most future growth will be in large systems (20MW or
larger) in the industries that already rely on combined heat and power.
However, small systems (4MW or less) represent a largely untapped market.44
Making strong progress elsewhere, Germany sourced almost 13 per cent of its
electricity from co-generation in 2005, with the government projecting that
this share could reach 57 per cent.45
As with most technologies, energy efficiency improvements in co-generation systems are achievable in most applications by increasing the fuel
conversion efficiency of the electricity generation part of the system to its costeffective limit – particularly as, in the vast majority of practical applications,
electricity demand, rather than heat demand, largely determines the system’s
capacity and operation requirements. Furthermore, options such as using a
supplementary boiler to make up for a shortfall in heat supply is about twice as
efficient as using a supplementary electricity generation system to make up for
a shortfall in electricity supply.

4 Renewable energy
Companies and organizations around the world are finding that by implementing strategies such as the three above, they can significantly reduce the amount
of electricity they need to source from the grid, and hence the option to meet
this demand with renewable sources becomes more affordable. This has seen
thousands of companies, organizations and households committing to becoming net climate neutral by reducing their energy usage (Strategies 1–3) and then
purchasing renewable energy or carbon offsets to achieve the coveted neutral
status. This, along with significant commitments from governments around the
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world, has seen renewable energy become the fastest growing source of energy
in the world. It is not within the scope of this book to cover the various forms
of renewable energy and show how they can feasibly supply both peak and
base load power; for a summary of such arguments see the TNEP Energy
Transformed program.46
Decentralized renewable energy sources of electricity – such as renewables
(including solar, wind, wave, tidal, geothermal and hydro), or co-generation
(the combined production of electricity and heat as outlined above) – surpassed
nuclear power in global generating capacity back in 2002, and represent
rapidly growing lucrative markets. Another factor driving increased sales in
renewable energy is the reduction of costs over the last 30 years. As the sector
grows, its economy of scale and increasing levels of experience has helped to
bring down the manufacturing costs of different renewable energy technologies, as shown in Figure 1.2.
Renewable distributed energy now accounts for a quarter of the installed
capacity of California, a third of Sweden’s energy, half of Norway’s and threequarters of Iceland’s, and since 2003 Denmark has generated 20 per cent of its
electricity from wind power. A range of significant studies suggests strongly
that there is no technological impediment to shifting to at least 80 per cent
renewable energy.48 It is widely acknowledged that renewable energy is very
effective at contributing electricity to the grid to meet peak electricity load
demand, as renewable energy sources like co-generation, wind and solar
produce the greatest amount of energy around the peak load times of the day.
However, many still have serious concerns over whether renewable energy can
supply base load electricity – that is, the electricity needed around the clock,

Source: IEA (2000)47

Figure 1.2 IEA learning curve showing how innovation, economies of
scale and experience lowers costs over time
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especially by heavy industry and for essential overnight services such as street
lighting and hospitals. Concerns exist because it is believed that solar and wind
are too intermittent to provide such power and are vulnerable to whether or
not the sun shines or the wind blows.
However, renewable energy flows from wind and solar are much less intermittent than many assume, and turbines and panels can be located around the
country and connected via the grid to avoid local low winds or cloudy conditions. Furthermore, advances in energy storage technologies are allowing solar
photovoltaic (PV) and concentrated solar thermal systems to provide base load
electricity. Studies show that if there are sufficiently geographically diverse
sources of solar, wind, tidal and wave energy then this smooths out the intermittency, so that these renewable energy sources can effectively provide base
load electricity. Graham Sinden from the Environmental Change Institute at
Oxford University has investigated the potential contribution from several
different renewable electricity sources in the UK.49 Using data spanning many
years on wind levels, sunshine, waves and tides at multiple sites, Sinden
concludes that the major proportion of UK electricity could be generated from
renewable energy sources, with wind from dispersed sites being the biggest
source. As Sinden says:
By mixing between sites and mixing technologies, you can
markedly reduce the variability of electricity supplied by renewables. And if you plan the right mix, renewable and intermittent
technologies can even be made to match real-time electricity
demand patterns. This reduces the need for backup, and makes
renewables a serious alternative to conventional power sources.50
Additionally, many forms of renewable energy are not dependent on day-today weather variations and hence can provide electricity just as reliably as coal
or nuclear – such as hydro, tidal and biomass.51
Geothermal energy is another promising energy source and, even though it
is not renewable, it is abundant and can be harnessed with minimal environmental impacts for hundreds, if not thousands, of years. Geothermal power
supplies base load power with the same load profiles as coal and nuclear, and is
being used by more and more countries. In 2001 the electric energy produced
from geothermal resources represented 75 per cent of Iceland’s total electricity
generated, 27 per cent in the Philippines, 12.4 per cent in Kenya, 11.4 per cent
in Costa Rica, and 4.3 per cent in El Salvador.52 Research by Dr P. N. Chopra
while previously at ANU (and other respected research bodies) shows that
Australia has one of the largest hot dry rock (HDR) geothermal reserves in the
world, which could provide electricity to meet all of Australia’s needs for
thousands of years. Figure 1.3 shows the estimated temperature at a depth of
5km across Australia. HDR geothermal energy relies on existing technologies
and engineering processes such as drilling and hydraulic fracturing –
techniques established by the oil and gas industry.53
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Source: Dr P. N. Chopra, Dept of Earth and Marine Sciences, Australian National University

Figure 1.3 Australia’s geothermal resources

5 Feedstock change (materials/energy nexus)
In assessing the IPCC ‘Industry Mitigation Matrix’ for its potential to be used
as a structure for the Sector Studies, we found that there was the potential for
overlap between the issues and options covered here in Strategy 5 ‘feedstock
change’ and Strategy 7 ‘materials efficiency’. We decided for the purpose of the
Sector Studies to focus the feedstock change parts mainly on materials
recycling to demonstrate the benefits to energy and water intensity by both
offsetting the use of virgin resources, and altering the production process.54 For
instance, in Chapter 3, we show that the use of scrap steel as a feedstock,
referred to as secondary steel production, can lead to 60–70 per cent lower
energy consumption if used in a particular type of steel-making process,55 as
shown by WorldSteel in Figure 1.4.
Using recycled feedstock in the production of a range of other metals and
materials also yields large energy savings, with estimates including: aluminium
(95 per cent),58 copper (7059–8560 per cent), lead (6061–8062 per cent), zinc
(6063–7564 per cent), magnesium (95 per cent65), paper (64 per cent66), plastics
(8067–8868 per cent) and glass (68 per cent69). The main reason for such reductions in energy intensity arises from avoiding the energy required in the
extraction and processing of raw materials and their transportation to production facilities when compared to the collection and processing of scrap and
waste products. However, for some of these materials, the use of recycled
materials also enables the production process itself to use less energy. For
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Source: WorldSteel57

Figure 1.4 Energy intensity of various steel-making processes:
(1) BOF process (58 per cent of global operations56);
(2) EAF/DRI process (7 per cent); and (3) EAF process (27 per cent)
example, while the formation of aluminium from alumina requires temperatures in the order of 900°C, scrap aluminium re-melts at around 660°C70 –
hence reducing the required temperature by just under a third. This, together
with the fact that aluminium cans are easily separated from municipal trash,
means that, according to the International Aluminium Institute, recycled
aluminium now constitutes 33 per cent of world supply and is forecast to rise
to 40 per cent by 2025.71 In theory, many materials can be recycled endlessly,
such as metals and glass; however, some have limitations, such as paper
products only being able to be cycled around five times – although this still
delivers a Factor Five materials improvement. Hence using recycled materials
to replace raw material feedstock can lead to large energy and materials
savings along with considerable cost reductions. However, there is significant
room for improvement in recycling rates in various countries – for instance,
while Germany and Finland have 80–90 per cent glass recycling rates, the US
rates are just below 30 per cent,72 and while nine members of the European
Union have reached 80 per cent plastic recycling levels, at least half of the
member countries still recover less than 30 per cent of the plastic they use.73 A
range of government actions is now increasing these levels, particularly in
electrical equipment, with the Japanese government requiring that air-conditioners, tube television sets, refrigerators and washing machines are recycled
and, as of December 2008, adding liquid-crystal/plasma television sets and
clothing dryers to the list.
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Other than cycling the actual atoms of a material such as steel or glass
from scrap to product to scrap, waste products can also be substituted for raw
inputs in a number of processes, such as the use of fly ash in the cement industry (Chapter 3). In the case of Portland cement production, a range of
cementitious materials can be added to the mix to reduce the overall energy
intensity of the process, such as blast furnace slag, fly ash from coal-fired
power stations, or natural clays (all referred to as pozzolans).74 However, their
use is limited by their effect on the properties of the cement and currently
constitutes as low as 7 per cent of Portland cement.75 Alternative cements, such
as geopolymers, presented in Chapter 3, not only significantly reduce the
energy intensity of cement-making,76 but also incorporate higher levels of these
additives77 – hence assisting in dealing with a major waste issue from fly ash
and slag production.78
Recycled feedstock can also save water as the online Sector Study of the
‘pulp and paper sector’ shows, demonstrating that improvements in the
production of paper results in water savings of up to 50 per cent.79 Hence in
many cases using recycled materials as feedstock enables energy, materials and
water productivity improvements simultaneously, while also reducing pollution. For example, recycling glass reduces energy usage by 70 per cent and
water usage by 50 per cent, and also reduces the related air pollution by 20 per
cent and water pollution by 50 per cent.80
Furthermore, opportunities for feedstock recycling are not just limited to
the actual resources, such as paper, steel or glass, but can be captured at the
component level, referred to as ‘remanufacturing’. As the online Sector Study
on the ‘information and communications sector’ shows, whole products,
including complex products with many parts, can be remanufactured or
recycled into as-new products. This is demonstrated specifically in the section
of the online Sector Study where Su Benn and Dexter Dunphy highlight the
leading progress of Fuji Xerox, which began recycling its products in 1990,
and then progressed to being able to remanufacture them some three years
later.81 The company’s aim is to maximize remanufacturing and minimize the
need for recycling – a strategy that enables the high value of end-of-life
products to be retained. Fuji Xerox’s best practice Eco-Manufacturing Centre
in Australia is where most of the company’s remanufacturing takes place. Key
among the Centre’s technological advances and newly developed workforce
culture are its relationships with its supply chain and waste management
networks for minimizing emissions and eliminating waste, and its relationships
with its client networks for the supply and return of used parts. The online case
study shows how the Centre now meets 80 per cent of Fuji Xerox Australia’s
spare parts requirements,82 saving the company A$11.3 million over the cost of
purchasing alternative parts in 2007–2008 and preventing hundreds of
thousands of parts being sent to landfill each year. The company aims to
increase the portion of products remanufactured, from its already impressive
current level of 76 per cent, through design for disassembly. Fuji Xerox’s
integrated recycling centre in Thailand is where most of the company’s end-of-
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life recycling of products in the Asia Pacific takes place. Together, the
Australian and Thai Centres remanufacture or recycle 99 per cent of products
in the Asia Pacific region.83 Fuji Xerox plans to establish the Australian Centre
as a regional centre and roll out its principles globally.
Finally, the online Sector Study on the ‘food and hospitality sector’ shows
that food processors and retailers, such as bakeries, restaurants and supermarkets, can also reduce energy use by sourcing organic ingredients from
sustainably managed farms, preferably locally. Organically farmed ingredients
generally have a lower embodied energy than conventionally farmed ingredients because the use of energy-intensive artificial fertilizers and chemicals is
avoided. In 2002, the Food and Agricultural Organization (FAO) found that,
‘Organic agriculture performs better than conventional agriculture on a per
hectare scale, both with respect to direct energy consumption (fuel and oil) and
indirect consumption (synthetic fertilizers and pesticides), with high efficiency
of energy use’.84 Bakeries, restaurants and supermarket chains can also source
local ingredients and thus reduce the food miles involved in transporting food
from the ‘paddock to the plate’.

6 Product change
In most cases, activities and strategies to increase resource productivity are
focused on well-established processes and seek to enhance the process with
new technologies, improved practices and state-of-the-art management and
monitoring. However, in a few cases the best way to reduce the resource
consumption of a product is to completely change its form. The standout
example, as highlighted in the IPCC 4th Assessment, is that of geopolymer
cement. As we will show in Chapter 3, geopolymer cements based on aluminosilicate (rather than the calcium-silicate used in Portland cement) provide the
same or better service, are cost effective, and use over 80 per cent less energy to
create.85 Hence this new product delivers a competitive low-carbon alternative
to the standard product, and is gaining interest – as Australian-based geopolymer company Zeobond is finding.
It is now widely recognized that the energy and water used by products
over their lifetime is usually significantly greater than the energy and water
used to manufacture the product – hence not only does the process to create
the products need to be improved, so too does the energy and water intensity
of the product’s operation over its useful life. Leading manufacturers of most
products are now re-examining their product lines to try to achieve radically
more resource-efficient products. In May 2005, General Electric announced
‘Eco-magination’ a major new business project to make all of GE’s products
more energy efficient. Eco-magination is expected to double revenues from
more energy-efficient products to approximately US$20 billion by 2010. This
initiative will see GE double its research and development in eco-friendly
products to US$1.5 billion by 2010 and improve energy efficiency by 30 per
cent by 2012. In May 2006, the company reported revenues of US$10.1
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billion from its energy-efficient and environmentally advanced products and
services, up from US$6.2 billion in 2004, with orders nearly doubling to
US$17 billion.
Japan was one of the first governments to help its national corporations
gain increased global market share through phasing in higher energy efficiency
standards. Japanese Energy Conservation Laws enacted in 1979 set demanding
energy efficiency standards for refrigerators, air-conditioners and automobiles,
stimulating product improvements that strengthened the international position
of Japanese firms in these markets.86 This shows how leadership by governments on energy efficiency in the manufacture of products can influence the
direction of manufacturing all over the world, and suggests that those nations
who lead in smart regulation of the energy efficiency of products and appliances will help position their firms well for rapidly growing global markets.
Indeed, one of the first acts of President Obama was to increase the minimum
fuel standard for all US vehicles by 2016. More recently we have even seen
countries phasing out, by law, inefficient products such as incandescent lighting,87 particularly Australia, California and New Jersey in the US, and the EU,
who have now all passed laws to phase out inefficient lighting.88

7 Improving material efficiency (energy/water nexus)
As pointed out previously, there is potential for overlap between the issues and
options covered in Strategy 5 ‘feedstock change’ and Strategy 7 ‘materials
efficiency’. Hence under materials efficiency we have focused mainly on
demonstrating the opportunities for significant improvements in the efficiency
and productivity of the use of water. We have done this for three main reasons:
1
2

3

To be in line with Factor Four as it included water efficiency opportunities
in its section on materials efficiency.
To demonstrate that a focus on water efficiency can both reduce demand
for dwindling water supplies, and also deliver significant energy demand
reductions. For example, reducing the amount of water that needs to be
heated in the home or business, also reduces the amount of water that the
utilities need to store, treat and distribute to customers, and hence energy
demand reductions can be achieved, as highlighted in the IPCC 2008
report on Climate Change and Water.89
To demonstrate the viability of a focus on the energy/water productivity
nexus in the hope of inspiring these exciting new solutions to be incorporated into the next IPCC Mitigation Working Group report in 2012.

Most of the Sector Studies demonstrate examples of an energy/water nexus and
provide evidence to support further exploration in this new area of innovation;
for example:
•

Residential buildings: Chapter 2 shows that reducing the consumption of
hot water in the home not only reduces the amount of energy used to heat
water, but also reduces the energy used by water utilities to provide water
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to the home. Heating water through the traditional electric storage hot
water system is responsible for a significant proportion of energy consumption in residential homes around the world – representing 9 per cent in the
EU-15 in 2004,90 11 per cent in the US in 200591 and 27 per cent in China
in 2000.92 Hence as the provision of hot water is energy intensive, there is a
strong nexus between water and energy savings in the residential sector.93
Commercial buildings: Chapter 2 shows that many commercial and public
buildings, and in particular supermarkets and data centres, require large
water-intensive cooling systems. Most of these systems are based on the use
of cooling towers that remove heat from the building, essentially by evaporating water. There are estimated to be over one million cooling towers in
operation globally on the top of commercial buildings,94 and they can
account for up to 40 per cent of a building’s water use. Thus activities that
seek to reduce the energy used for the air-conditioning of a building
(through a variety of measures presented in the Sector Studies), also delivers direct reductions in the consumption of water. In addition, as Chapter 2
will show, new hybrid dry air/water cooling systems exist, which do not
use water cooling towers. These hybrid systems use around 80 per cent less
water while still being almost as energy efficient as water-cooled systems
with cooling towers.95
Industry: Chapter 3 shows that reconsidering a range of current industrial
processes to improve energy productivity (namely in the steel, cement, and
pulp and paper industries), can also lead to a reduction in water consumption. Chapter 3 features studies by Liedtke and Merton96 which show that
‘electric arc steel furnaces (EAF) use … 70 per cent less energy and oneeighth of the water … compared with traditional basic-oxygen blast
furnace (BOF) steel plants.’97 Also, it shows that shifting from ‘wet’ to ‘dry’
Portland cement-making processes not only improves energy productivity
but reduces water usage. Finally, the online Sector Study on the ‘pulp and
paper sector’ shows how the sector can both save energy and reduce water
consumption through recycling paper. For example, as well as requiring
less energy to process virgin pulp, recycling newspaper for instance,
according to Planet Ark, ‘uses approximately 20% less water’.98
Agriculture: There is a strong energy/water nexus in the agricultural sector
as the sector uses the majority of society’s water, and irrigation practices
can be energy intensive. Hence Chapter 4 first outlines a number of opportunities for direct energy productivity improvements available on the farm,
and then focuses the majority of the study on reducing water consumption.
The study cautions that even though forms of irrigation such as drip irrigation reduce water consumption significantly, shifting away from ‘trench
and flood’ irrigation to ‘pipe and pump’-based forms involves more energy
usage. Hence it is important to look holistically at ways to improve the
water productivity in agriculture through complementary methods, such
as: appropriate selection of crop species and livestock choices that are
suited to the local climatic and geological conditions; optimizing the effect
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of irrigation through irrigation scheduling and advanced irrigation
methods; rainwater harvesting; the treatment and use of urban stormwater
and wastewater in peri-urban agriculture; and utilizing renewable energy
sources to power irrigation pumps.
Dairy industry: Following on from the focus in Chapter 4 on agriculture, and
in order to demonstrate the relevance of Factor Five to a range of typical
operations, the online Sector Study on the ‘food and hospitality sector’
presents a ‘paddock to plate’ journey beginning with dairy farms. Dairy
farms are heavy consumers of water.99 Hence the online Sector Study
includes a study that features a number of novel approaches, such as the
option of dewatering milk on the dairy farm to produce milk solid products
for market, and retaining the water for use on the farm. This is a viable
option as firstly milk from cows is made of up of 95 per cent water, and
secondly the milk processing industry mostly uses milk solids – in Australia
only 20 per cent of the milk originally produced from dairies ends up on the
shelves of supermarkets as milk.100 This also helps farms reduce energy usage
by significantly reducing the volume of milk they need to store, by law, at
4°C until it is transferred to a dairy processor, and reduces the transport
energy by reducing the volume, hence a strong energy/water nexus.
Supermarkets: Moving through the ‘paddock to plate’ journey, the online
Sector Study then presents supermarkets. Modern supermarkets have much
of the same water demands as typical retail outlets, such as sanitary
fixtures, amenities and landscape irrigation, but they also use large quantities of water – up to half of their total consumption101 – to cool the
condenser units for the supermarket’s extensive refrigeration systems.102
Also, large supermarkets tend to use cooling towers and thus also consume
water as part of their cooling systems. Hence again there is a strong
energy/water nexus for this sector because the opportunity exists to simultaneously reduce a significant amount of energy and water usage from
reducing both the amount of refrigeration and space cooling required.
Restaurants and fast food outlets: As the last stop on the ‘paddock to plate’
journey, the online Sector Study presents the energy/water nexus opportunities in the restaurant sector, showing for instance that the choice of
cooking equipment can halve energy and water usage. Also, the choice to
serve customers filtered water from the tap instead of bottled water results
in 2000 times less energy being used per bottle.103 Making these changes
can both save restaurants significant costs while also making a difference
globally.104

To conclude, in the following Sector Studies under IPCC Strategy 5 ‘feedstock
change’ and IPCC Strategy 7 ‘materials efficiency’ we show that there are
significant energy/materials and energy/water nexus opportunities in many
sectors of the economy. These nexus opportunities are important because they
do not simply reduce energy costs but also deliver profitable reductions in
water consumption, materials consumption, waste production, and waste-
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water treatment costs, thus yielding multiple cost benefits. As such these
nexus opportunities are set to form an important part of strategies to improve
energy productivity, and thus each Sector Study provides an overview of such
opportunities.

8 Reducing non-CO2 greenhouse gases
Carbon dioxide (CO2) is only one of a number of significant greenhouse gases
identified by the IPCC and recognized by the Kyoto Protocol. The main six
greenhouse gases (other than water vapour) are carbon dioxide (CO2),
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFC), perfluorocarbons (PFC) and sulphur hexafluoride (SF6). The last three types of gases
mentioned are all man-made, meaning that they didn’t exist in the environment
before industrialization. All six greenhouse gases are proposed to be included
in the EU Emissions Trading Scheme and the proposed scheme for other
countries like Australia. This is significant for business because the non-CO2
greenhouse gases have significantly higher global warming potentials and
atmospheric lifetimes than CO2 (See Table 1.1).105
As Table 1.1 shows, non-CO2 greenhouse gases constituted 25 per cent of
global greenhouse gas emissions in 2004, hence any emissions reduction strategy needs to pay serious attention to these gases. However, to date the
non-CO2 greenhouse gases have not received the attention they deserve. This
was well illustrated by the fact that it was only in June 2008 that scientists for
the first time warned that there is a significant risk of increased global warming
from the use of nitrogen trifluoride (NF3) in flat screen TVs.106 Almost half of
the televisions sold around the globe so far in 2008 have been plasma or LCD
TVs. But this could be coming at a huge environmental cost. This gas, NF3, is
estimated to have a global warming potential 17,000 times more powerful than
carbon dioxide, but NF3 was not included in the Kyoto protocol in 1997 as it
was only produced in tiny amounts at that time. Levels of this gas in the atmosphere have not been measured, but scientists are calling for such measurements
to take place and for this gas to be included in any future emissions-cutting
agreement. Fortunately, some companies are finding alternatives to NF3. Linde
Electronics, a gas and chemical company, has created a process that allows
pure fluorine to be used in place of NF3, and Toshiba–Matsushita Display and
LG have converted much of their manufacturing operations to fluorine instead
of NF3. This example highlights the need for decision makers and designers to
better understand and proactively reduce the use and emissions of non-CO2
greenhouse gases.
Often industry strategies to reduce non-CO2 greenhouse gas emissions also
improve energy productivity. For instance, many industries use commercial
refrigeration. Historically, most commercial refrigeration used refrigerants that
had very high global warming potentials. Replacing these refrigerants with
alternatives that have far lower global warming potentials, also achieves energy
savings. As the IPCC’s 4th Assessment stated:

Griffith University and the Australian National University have provided
in-kind review and staff hosting to support the development of this work.

This chapter is extracted from Factor Five: Transforming the Global Economy through 80% Improvements in Resource Productivity.
To purchase the entire book please visit www.earthscan.co.uk/factorfive. Questions? Contact gudrun.freese@earthscan.co.uk

54

A WHOLE SYSTEM APPROACH TO FACTOR FIVE

Table 1.1 Kyoto Protocol recognized greenhouse gases
Symbol

Name

CO2

Carbon dioxide

CH4

N2O

HFCs

PFCs
SF6

Common
sources

Atmospheric Global
lifetime
warming
(years)*
potential

Fossil fuel combustion (61%), 50–200
forest clearing, organic decay,
and peat thaw (14%).
Methane
Landfills, production and
12
distribution of natural gas
and petroleum, fermentation
from the digestive system
of livestock, rice cultivation,
fossil fuel combustion, etc.
Nitrous oxide
Fossil fuel combustion,
150
fertilizers, nylon production,
manure, etc.
HydrofluoroRefrigeration gases,
264
carbons
aluminium smelting,
semiconductor manufacturing,
etc.
Perfluorocarbons Aluminium production,
10,000
semiconductor industry, etc.
Sulphur
hexafluoride

Electrical transmission and
distribution systems, circuit
breakers, magnesium
production, etc.

3200

Global
emissions
in 2004**

1

75%

21⫻

15%

310⫻

7.6%

Up to
11,700⫻
2.4%
Up to
9200⫻
Up to
23,900⫻

Note: * Standard Industry Classification
Source: Energy Information Administration (1998); IPCC (2001)107 (** Percentages from IPCC (2007)108)

Alternative system design involves for example, applying direct
systems using alternative refrigerants, better containment,
distributed systems, indirect systems or cascade systems. It was
found that up to 60% lower greenhouse gas emissions values can
be obtained by using alternative refrigerants.109

A snapshot of the Sector Studies
The buildings sector
The first in-depth Sector Study, presented in Chapter 2, focuses on how to
achieve a fivefold resource productivity improvement (energy and water) in the
residential and commercial building sector. The building sector is presented
first because it is responsible for close to 40 per cent of global greenhouse gas
emissions, 12 per cent of global water use, and involves significant material
flows.110 Also, an investigation into Factor Five in the building sector will
inform the following Sector Studies, both online and in the book, that involve
the use of buildings and facilities, allowing the Sector Studies to focus on
specific aspects of the particular sector rather than cover building-related
advances again. Factor Four was one of the first books to argue that 75 per

Griffith University and the Australian National University have provided
in-kind review and staff hosting to support the development of this work.

This chapter is extracted from Factor Five: Transforming the Global Economy through 80% Improvements in Resource Productivity.
To purchase the entire book please visit www.earthscan.co.uk/factorfive. Questions? Contact gudrun.freese@earthscan.co.uk

A FRAMEWORK FOR FACTOR FIVE

55

cent or better improvements in energy productivity could be made in building
design, and 12 years later, the IPCC 4th Assessment’s Mitigation Working
Group findings concurred.111 This Sector Study integrates exciting innovations
in appliances, office equipment, water heaters, HVAC units and refrigeration
systems to show how Factor Five improvements can be achieved in the building
sector. This Sector Study builds on from the original book, Factor Four, bringing together new evidence from around the world to support the argument that
significantly more energy- and water-efficient buildings can be built cost effectively,112 using examples such as:
•

•

•

the work of Bill Browning and Joseph Romm, in 1998, in reviewing four
building retrofits and four new buildings in the US to investigate the
economic returns of energy productivity improvements;
the work of the Germany-based Passive House Institute, led by Dr
Wolfgang Feist, who has pioneered the design of ultra-efficient buildings to
achieve Factor Five improvements;
the 2009 work of the US National Renewable Energy Laboratories
(NREL) in their review of the potential to achieve net carbon neutral
commercial buildings through a combination of energy efficiency and
utilizing solar PV panels.

Hence these and a range of other findings inform the Sector Study, and show
that through a whole system approach to the design or retrofitting of buildings,
energy productivity can be increased by Factor Five. Each of the Sector Studies
presented in this book emphasize the fact that it is essential that sustainable
design options are considered at the very onset of a new or retrofit project. In
order to deliver an integrated design the designers need to be able to develop
their own scope of work in concert with other designers and the overall project
vision, hence design charrettes are often used. The method of a siloed and
reductionist scope-specific approach, used in much of project design today,
does not accommodate integrated design solutions and prevents significant
opportunities from being realized. Furthermore, infrastructure lasts from 30 to
100 years once it is designed and it is very costly to change its performance in
the future when requirements, for say reducing energy consumption, become
more stringent or costly.
To conclude, investing in Factor Five improvements in the buildings sector
is essential to reducing a significant component of global greenhouse gas
emissions while also boosting productivity and economic activity. Hence this is
why, in Chapter 2, we first consider these exciting Factor Five opportunities for
the building sector.

The heavy industry sector
Following the buildings sector we focus in Chapter 3 on answering the
question of how to achieve at least 80 per cent resource productivity improvements in heavy industries. This sector is chosen next because, according to the
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IPCC, by 2004 industry’s share of global primary energy use was 37 per
cent.113 Since there are many potential sectors to focus on, and we do not have
space to cover them all,114 we have chosen to include in this book two of the
most energy- and water-intensive industries, namely the steel and cement
industries, and then have developed online Sector Studies on the pulp and
paper industry, and the IT and communications sector, available on the book’s
online companion at www.factorfiveonline.info. These sectors collectively use
close to half of all energy used by industry, and produce significant material
flows globally. Also, they are chosen because these industries are currently
growing rapidly in developing and emerging economies as their products
underpin much of the world’s growth. Since 1970, the global annual production of steel and cement has grown swiftly, with the steel industry increasing
production by 84 per cent,115 and the cement industry by 271 per cent.116
Hence, as countries like China and India rapidly develop it is imperative that
the innovation and ingenuity presented in this chapter, and the online studies,
are used in the design of new plants and the retrofitting of existing plants, to
avoid the unwanted greenhouse gas emissions and resource consumption levels
that the current methods are set to deliver.
The sectors covered in this chapter are designed to build on from and
complement those presented in Factor Four, by providing a greater level of
detail, and incorporating advances since the time of publication. Factor Four
showed for instance, that significant advances could be made if industry used
the latest innovations, such as utilizing electric arc furnaces in the steel industry. In this chapter we will update this case study to show that up to 92 per cent
(greater than Factor 10) energy productivity improvements can be made in the
steel industry by: switching to state-of-the-art electric arc furnace systems that
process recycled steel; adopting leading practices such as net shape casting; and
implementing options such as energy monitoring, management systems for
energy recovery and distribution between processes, and preventative maintenance. We will then outline how the cement industry can become significantly
more energy productive, and even eliminate greenhouse gas emissions, through
the use of geopolymers that are now well proven in practice. We then, in an
online Sector Study, outline how the pulp and paper industry not only has the
potential to achieve 80 per cent, Factor Five, reductions in energy consumption, but that it could then become a net positive electricity generator from
renewable low-carbon energy sources. We also outline in an online Sector
Study, with the help of Klaus Fichter, how to achieve Factor Five in digital
processing by data centres, now the fastest growing user of electricity in the
world.117
Readers will find that many of the options presented are also relevant to a
range of other sectors and involve advances to a number of commonly used
technologies and processes to deliver significant savings, as was the case in
Factor Four.
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The agricultural sector
So far the Sector Studies have been dominated with energy-intensive industry
sectors like the buildings, steel and cement industries, and have demonstrated
how energy consumption, and hence greenhouse gas emissions, can be reduced
by 80 per cent. In Chapter 4 we turn our attention to the agricultural sector,
and while we first cover a range of options to improve energy productivity, the
main focus is on reducing water consumption, as the sector represents an
average of 70 per cent of global water withdrawals. This chapter then underpins the online Sector Study on ‘the food and hospitality sector’, and allows for
the majority of the online study to focus on energy productivity improvements,
assuming that the water-saving practices in Chapter 4 are applied to the range
of agricultural practices that support the sector. The agricultural sector is critical to enabling food security, providing employment and reducing poverty, and
contributes significantly to the GDP of many countries. However, the sector is
one of the most vulnerable to climate change, leading to reduced agricultural
yields in OECD countries, particularly southern Europe, the US and Australia,
according to the Stern Review.118 The situation becomes more complicated by
the fact that even without the effects of climate change, significant reductions
in water consumption will be needed, as in West Asia, the Indo-Gangetic Plain
in South Asia, the North China Plain and the High Plains in North America
freshwater extraction rates exceed natural water replenishment rates.
Hence, as with the energy-intensive industries around the world, climate
change and resource availability will mean that the agricultural sector is going
to be operating under very different conditions in the coming decades – conditions that for the sector will see a growing imperative to reduce energy
consumption, combined with reduced availability of water, increased cost of
water, and growing uncertainty around climate and weather conditions. These
changing conditions will call for a substantial re-evaluation of farming and
agricultural practices and this chapter shows how Factor Five improvements to
energy and water productivity can be achieved using proven methods and
technologies. This is especially important as, in the case of energy, reducing
consumption through the range of options presented in this chapter allows for
a range of onsite renewable energy options to become viable and provides a
lucrative side business for farmers. However, as stated, the main focus of this
chapter is water, and to demonstrate that the agricultural sector can achieve
Factor Five improvements in water productivity. This is achieved by building
on from the case study of ‘subsurface drip irrigation’ presented in Factor Four,
and using a whole system approach to implement a number of complementary
water productivity strategies.119 Chapter 4 will also show how the following
six strategies, applied holistically, can yield Factor Five water productivity
improvements with the lowest net energy usage:
1
2
3

appropriate selection of crop species;
efficient irrigation technologies;
irrigation scheduling;
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advanced irrigation management;
rainwater harvesting;
treating and re-using urban wastewater for peri-urban agriculture.

The food and hospitality sector (Online Sector Study)
Before ingredients like wheat, corn, rice, meat and vegetables even make it to
the bakery, restaurant or processing facility they have already consumed significant amounts of energy and water. Chapter 4 outlines ways to dramatically
reduce this consumption on the farm, and in the online Sector Study on the
‘food and hospitality sector’ we follow a trail from ‘paddock to plate’ and
demonstrate how significant reductions in energy and water consumption can
be achieved. As it is impossible to cover every sub-sector in the food and hospitality industry, in this chapter we follow a progression from the farm (focusing
on dairy farms), to food processors (focusing on bakeries), then to supermarkets, restaurants and finally fast food outlets, a supply chain that in the US for
instance is responsible for 20 per cent of all fossil fuels used in the country.120
These sectors have been chosen because they currently have high and growing
levels of energy and water consumption; for example:
•

•

Dairy farms: Within the farming sector, dairy farms are a relatively large
user of both energy and water, using up to 25 per cent of allocated surface
irrigation water in Australia.121 According to Australian energy efficiency
expert Geoff Andrews there is the, ‘potential for the least efficient dairy
farms to achieve up to 80 per cent energy productivity improvements for
their direct energy use on site.’122 Furthermore, according to Australian
farming energy expert Glenn MacMillan:
For starters a dairy farm has the ability to source all of its energy
needs from its waste streams. This is possible through conversion
of waste manure from cows, waste woody biomass, wind, and
sunlight into energy… With today’s technologies this is feasible
which allows a move away from reliance on a central electricity
grid’.123
This part of the Sector Study will first explore these exciting energy
opportunities, and then highlight how the water-saving strategies in
Chapter 4 can be applied to dairy farms.
Bakeries: Baking bread is one of the oldest industries, yet today, still most
bakeries are highly energy and water inefficient. But as a number of leading
bakeries are now finding, there is a range of cost-effective opportunities to
significantly improve this performance. This will not only lead to reduced
utility bills, but reduce heat lost into the kitchen, an important factor as
bakeries struggle to attract and retain staff due to the hot working conditions. As Australian energy efficiency expert Alan Pears reflects, ‘Many
bakeries are actually paying to overheat their staff as well as baking their
bread’.124 Hence, in this part of the Sector Study we focus mainly on ways
to improve energy productivity and reduce heat loss, and show how this is
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being done in leading bakeries, while also briefly pointing out opportunities to save water.
Supermarkets: Supermarkets are most likely the poorest energy-performing
buildings and operations in the economy. From paying little attention to
building design to reduce energy consumption, including lighting (as
presented in Chapter 2), to leaving large refrigerated containers and freezers open all day for ease of access by customers and then having to heat the
space for customer comfort. Hence a large proportion of the overall energy
consumption, some 52 per cent,125 is then used to keep open refrigerators
and freezers cooled, while the cool air is adding significant load to the
building’s space heating requirements. This part of the Sector Study will
show the numerous ways in which supermarkets can significantly reduce
cooling and heating loads while still remaining customer friendly. Options
such as fitting refrigerated display cabinets with doors or covers can reduce
their energy consumption by an estimated 68 per cent, while preserving
food more effectively and providing a host of other benefits.126
Furthermore, some 16 per cent of the total energy demand comes from
lighting,127 which can easily be reduced through better building design and
the use of ultra-efficient lighting, which also emits far less heat. Once
refrigeration, lighting and space heating have been optimized, supermarkets are especially well suited to capture onsite energy generation options
to provide their energy needs. A number of supermarket chains are now
experimenting with harnessing the large roof space for solar energy, selecting locations within parking lots for wind micro-turbines (such as the UK
supermarket chain, Tesco, that is set to power 20 of its stores with wind
power128), and fuel cells (such as US organic supermarket chain, Whole
Foods Market, set to power an entire store using combined cycle co-generation using fuel cells and heat recovery129).
Restaurants and fast food outlets: The direct and indirect environmental
impacts from restaurants and their supply chains are more significant than
you would first think. According to a Canadian study, people’s expenditure
in restaurants is one of the largest indirect ways that we cause greenhouse
gas emissions outside our home.130 US citizens spend roughly half their
food budget at restaurants,131 and most restaurants directly use at least 15
times the energy of a typical household per person.132 Few appreciate that
globally there are now over eight million restaurants and 300,000 hotels,
many of which have restaurants.133 Hence this Sector Study finishes by
focusing on the numerous ways to significantly improve the resource
productivity of restaurants and fast food outlets. It features four leading
restaurants that have implemented resource efficiency, green purchasing,
onsite waste and water recycling, and renewable energy initiatives. All four
restaurants are highly profitable and successful businesses, illustrating yet
again that pursuing advanced resource productivity helps rather than
harms financial performance.
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The transportation sector
Transportation is chosen as the final Sector Study as it accounts for 22 per cent
of global energy use,134 and 23 per cent of world energy-related CO2
emissions.135 Also the rate of growth of energy usage and greenhouse gas
emissions in this sector is among the highest of all the energy end-user sectors,
and although advances in energy productivity have been made, these advances,
particularly in cars and aeroplanes,136 are not keeping pace with the exponential growth of these modes. This Sector Study considers a range of methods,
including vehicle design, alternative modes and personal behaviour, to show
how Factor Five improvements can be achieved in both passenger and freight
transport – the majority of transportation. The chapter focuses on three main
strategies, namely:
•

•

•

Strategy One: the improved design of the major passenger and freight
transportation vehicles (including cars, trucks, rail, shipping and
aeroplanes);
Strategy Two: a significant shift to lower energy-consuming modes of
transportation for both passenger and freight transport (such as shifting
from long-haul trucking to rail or coastal shipping);
Strategy Three: a shift in transportation fuels over time to source higher
percentages of energy for transportation from renewable energy sources
(including electricity and alternative combustion fuels).

Chapter 5 focuses mainly on the first two strategies for both passenger and
freight transport to show how Factor Five improvements in energy productivity can be achieved over the coming decades, bringing together a wealth of
research to complement the pioneering work of Rocky Mountain Institute in
this area.137
Such a dramatic reduction in energy requirements then allows a range of
low-carbon and renewable energy options to power vehicles to become viable.
Furthermore, demand on fossil fuels can be reduced through modal shifts in
passenger transport and freight to rail, as rail can be powered by renewably
generated low- or no-carbon electricity. There are now studies that demonstrate that through innovative design it is technically possible for transport to
source all of its energy from renewables by 2050.138 A focus on the three strategies mentioned above will create multiple benefits for any nation undertaking
them. These additional benefits are important to note because they further
justify investment in such strategies, including:
•
•
•
•
•

reducing urban air pollution;
reducing congestion costs;
improving staff health and performance;
reducing transportation costs;
stimulating the economy.
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Finally, a major area of concern for many countries is the level of dependence
its transportation systems have on oil, especially as experts expect world oil
production to peak within the coming decades139 – with production peaking
now in over 60 countries.140 The IEA predicts that, once the global economy
comes out of recession, oil prices will steadily rise to achieve new records,
rebounding to more than US$100 a barrel initially, and exceeding US$200 a
barrel by 2030, stating that, ‘While market imbalances could temporarily cause
prices to fall back, it is becoming increasingly apparent that the era of cheap oil
is over.’141 Currently, transportation systems are remarkably dependent on oil,
making the world economy vulnerable to recession during extended periods of
high oil prices. Since 1965 there have been five peaks of world oil price, all of
which were followed by economic recessions of varying degree. The first two
oil price hikes led to the two worst recessions in 1973 and 1980. Oil price
increases led to a double hit to the economy by causing both rising inflation
and also reducing consumer spending. Inflation rose not simply because of
rising oil prices but because most economies are so dependent on oil that a rise
in oil prices leads to increasing prices of numerous consumer items. The
peaking of world oil production and corresponding higher oil prices could
affect efforts to improve energy productivity and reduce greenhouse gas
emissions from transportation positively or negatively:
•

•

The negative risk is that since economies are so dependent on oil, many
nations may feel that they have to turn rapidly to ‘proven technologies’,
such as coal conversion oil and oil shales production, before geo-sequestration technologies are commercial, leading to higher greenhouse gas
emissions.142
The positive effect of peaking of world oil production is that ongoing and
rising oil prices will convince business and government and citizens to
invest seriously in better urban design and planning, public transport and
cycling, rail, shipping and broadband infrastructure,143 as explained in the
Sector Study.

In the development of the transport sector study, we demonstrate how, assuming the second effect, transport systems can cost effectively and rapidly reduce
oil dependency and greenhouse gas emissions, and achieve Factor Five energy
productivity improvements.
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