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Figure 7.5: McKinsey Australian Carbon Abatement Cost Curve, 2007
Source: McKinsey Consulting (2007) An Australian Cost Curve for Greenhouse Gas Reduction,
McKinsey Consulting.
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“The exciting thing
about Factor Five is the
combination of
boldness and realism.”
Lester R. Brown

“This exciting synthesis
combines a powerful
efficiency toolkit with

farsighted policy
insights.”
Amory B. Lovins

“Factor Five provides
numerous win-win
strategies.”

R K Pachauri

“Factor Five shows the
potential for major
resource intensive
sectors to significantly
reduce greenhouse gas
emissions in a cost-
effective manner.”
Richard L. Sandor

ERNST VON WEIZSACKER
KARLSON ‘CHARLIE’ HARGROVES « MICHAEL H. SMITH
CHERYL DESHA « PETER STASINOPOULOS

“The arrival of Factor
Five couldn't be more
timely - or more
significant.”
Jonathon Porritt

“This publication makes
a significant
contribution in
responding to the
global change
imperative and should
be required reading.”
Andrew Johnson (csiro)

“We need this book
..urgently.”
Brice Lalonde

“We should embrace
the strengthened
message of Factor Five.”
Bedrich Moldan



Using a Systems Based Approach
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CLIMATE CHANGE 2007

MITIGATION OF7CLIMATE CHANGE-

1. Energy Efficiency

2. Fuel Switching

3. Heat & Power Recovery

4. Renewable Energy

5. Feedstock Change

6. Product Change

7. Materials Efficiency

8. Reducing Non-CO, Greenhouse Gases

‘Incustrial Mitigation Meatrix’

[PCC 4th Assessment
Werking Group il Report



Residential Buildings

Standard

Energy Use

Factor 5

M Refrigeration

M Indoor lighting

M Appliances

W Hot water systems

M Space heating &
cooling



Commercial Buildings

m Building orientation/
envelope

m HVAC

m Efficient office
equipment
w Efficientlighting

m Retrofitting existing
buildings

Standard Factor 5

Energy Use



Heavy Industry (Steel Production)
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Standard

Energy Use

> Factor 5

m EAF Production
Method:

+ DC-arc furnaces
+improved process control
+ oxyfuel burners

+scrap preheating

+ post-combustion

® Net Shape Casting

M Energy Recovery

B Feedstock Change

w Fuel Switching

B Preventative
Maintenance



Heavy Industry (Cement Production)

Ca-Mono-Silicate

.éﬁ

0

Ca-Di-silicate-hydrate

Standard

Energy Use

Factor 5

® Alumino-silicate
(geopolymer)

® Materials
Efficiency

Fuel Switching

® Kiln Design
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Transport (General)

B Improved Design

Transportation
Planning

M Fuel Switching

Standard Factor 5
Energy Use



Transport (Cars & Light Vehicles)

Light-weighting

Rolling Resistance

Aerodynamics

w Engine & Driveline Eff.

¥ Vehicle-Grid Integration

B Alternativesto ICEs

» Behaviour Change

B Transit Oriented Cities

Standard Factor 5
Energy Use



Transport (Heavy Freight Vehicles)

D:esel—Ass:st Hybnd

! Light-weighting

Aerodynamics

w Rolling Resistance

M Engine & Driveline Eff.

® Operational
Improvements

W Logistical
Improvements

M Alternate Modes of
Freight Transportation

Standard Factor 5
Energy Use



Transport (Rail)

Light-Weighting

Engine Efficiency

vy

1 5 (g ? Regenerative Braking

T | Lt

Reduced Drag/Friction

W Improved Logistics

m Load Factor
Management

m Idling Energy Savings

W Energy Efficient Lighting

M Speed Optimisation
Japanese

| Shinkansen

Standard Factor 5
Energy Use



Transport (Air)

B Improved
Logistics

B Engine Efficiency

B Aerodynamic
Performance

m Advanced
Propulsion

B Advanced
Composites

The Boeg}g X-48B
pro} type
, i

) &

Standard Factor 2
Energy Use



Agriculture

m Material Efficiency
m Renewable Energy

M Fuel Switching

w Appropriate selection
of crop species

M Energy Efficiency:

+ Irrigation & Water
management

+ Heating

+ Drying Crops

+ Lighting

+ Building Design

+ Refrigeration

+ Fertiliser/Pesticide Use

+ Conservation Tillage

‘_.-._'-i}'g-l?_ferénnial' Polyculture
' The Land Institute

Standard Factor 5
Energy Use



Agriculture - Water

% Appropriate crop
species

m Efficientirrigation
technologies

W Irrigation
scheduling

m Advanced irrigation
management

W Re-usingurban
wastewater

® Rainwater
harvesting

Standard Factor 5
Water Use
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“We have learned a lot
of lessons since Natural

Capitalism came out in |

1999, that | think will
make the next

explications of this =%

subject even more =

powerful and effective,

so working with our
Natural Project Edge
collaborators | think
shows great promise,
these are very diligent
and well informed

people that | think are
doing valuable work

and we are looking
forward to cooperating

with them in ways that
will help us all to learn W

faster and get more
done better.”
Amory Lovins

“The authors of this

| book [have] the

&5 energy, insight and

OF NATIONS

Business Opportunities, Innovation and Governance in the 21st Cent

RN -

ury

3 — =T his book x';v_iIl follow on

£
fra()m Natviral Capitalism,

CO-AUTHORED & EDITED BY

and bring in newer evidence

W
from.around the world’

KARLSON ‘CHARLIE> HARGROVES & MICHAEL H. SMITH

%8 commitment to begin

the discussion of what |

call ‘the ultimate
| integration’; that is,

ADVANTAGE

integration of the
concepts of
competitiveness and
Natural Capitalism.”
Michael Fairbanks

“Within these pages
you will see that there
Is reason for robust
hope, and as you read,
we hope you will be
inspired to contribute
to this magnificent re-
evolution of human
enterprise”

William McDonough



“The authors, in ==
producing this
introductory, technical,
teaching material and
these important
examples, have
provided a publication
which can, and must, be
widely used in our

university and technical s

tralnlng institutions.”

SCo-Authog 0f Systems Engumermz and Ana'lﬁ: (ta2)

{&i DS BY Y o
>/ﬁssor Ben]am lanchard -

WHOLE SYSTEM

DESIGN

AN INTEGRATED APPROACH TO
SUSTAINABLE ENGINEERING

PETER STASINOPOULOS « MICHAEL H. SMITH
KARLSON ‘CHARLIE’ HARGROVES « CHERYL DESHA

#1 "' was thrilled and

impressed reading this
manual that features
the integrated
approach towards
resource productivity
and, ultimately,
sustainability both at

| Ernst Ulrich von

Weizséacker



"l commend the team |

from The Natural Edge

Project and their &

partners for
undertaking to develop
a response to ‘Our
Common Future'to

mark its 20th __

anniversary."

WITH INTRODUCTIONS BY

JIM MACNEILL anp ROBERT PURVES

AND FOREWORDS BY
GRO HARLEM BRUNDTLAND I
RAJENDRA PACHAURI ‘
KENNETH RUFFING

SUSTAINABILITY

Securing Our Common Future by Decoupling Economic Growth

from Environmental Pressures

Gro Harlem Brundtland FS===

o,

.

MICHAEL H. SMITH ¢ KARLSON ‘CHARLIE’ HARGROVES
& CHERYL DESHA

“The Natural Edge
Project is to be
commended for tackling
this vitally important
issue and highlighting
where in the world
already communities,
regions and nations are
creating solutions to this
great challenge of our
time.”

R.K. Pachauri



“...awell argued
appraisal of the
rationale for rapid
curriculum renewal to
education for
sustainable
development. Higher
education institutions
around the world
clearly have significant
Incentives and a variety
of tools to embrace this
challenge over the next
decade.”

Wynn Calder, Director,
University Leaders for a
Sustainable Future.

In Press

ENGINEERING
EDUCATION FOR
SUSTAINABILITY

Rapid Curriculum Renewal in Engineering, Science
and Built Environment

CHERYL DESHA & KARLSON ‘CHARLIE* HARGROVES

“I look forward to
sharing this publication
with my African and
international
colleagues, as we move
forward in
mainstreaming
sustainable
development in the
higher education
sector”

Goolam
Mohamedbhai,
Secretary-General,
Association of African
Universities, Past
President, International
Association of
Universities (2004-8)



