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1 Foreword

This report details an Overseas Research Project carried out by forty recent
graduates from The Masters in Manufacturing Engineering at Cambridge
University'. This report expresses the findings of the project in alignment with the
chosen topic; Sustainability through Technology: The Californian Model.

The two week overseas research project carried out in July 2007 was conducted
in the Californian Cities of San Francisco and San Diego, visiting a total of 17
companies®. The investigation sought to explore sustainable practice in California
and the method of technological investment in order to achieve this.

The opinions expressed within the report are of the authors unless otherwise
stated.

The group would like to thank all the companies who hosted visits on the project,
along with all sponsoring partners. A great note of recognition must also be made
to all members of staff and participating students who dedicated much time and
effort into enabling the project to take place.

' www.ifm.eng.cam.ac.uk/met
? See Appendix 16.1 for company profiles
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2 Project sponsors

The overseas research project would not have been possible without help from

our sponsors. We would like to express our gratitude to the following
organisations:

GKN plc (www.gknplc.com)

Mckinsey (www.mckinsey.com)

Oliver Wyman (www.oliverwyman.com)

Procter & Gamble (www.pg.com)

Royal Academy of Engineering (www.raeng.org.uk)
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3 Acronyms

AB  Assembly Bill

ARB California Air Resources Board

bdp Barrels per day (oil)

CO, Carbon Dioxide

CSR Corporate Social Responsibility

DFE Design for Environment

DOE Department of Energy

EPA Californian Environmental Protection Agency
EU  European Union

IPCC Intergovernmental Panel for Climate Change
IPR Intellectual Property Rights

LA Los Angeles

LCA Life Cycle Analysis

PG&E Pacific Gas and Energy Company

PV  Photo-Voltaic Cells

R&D Research and Development

RoHS Restrictions of Hazardous Substances
SME Small-Medium Enterprise

UK  United Kingdom

UN  United Nations

US  United States

WEEE Waste Electrical and Electronic Equipment
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4 Executive Summary

This report describes the findings of a two week research project carried out in
California by forty recent graduates in manufacturing engineering. The topical
issue of sustainability formed the inspiration for this research. With a base of
knowledge in business and technology, the group was able to explore and
identify important factors for discussion. The chosen field of thought is in
exploration of sustainability through technology, where the term sustainable has
been taken to indicate practice that satisfies the needs of the present without
compromising the ability of future generations to meet their own needs.

California appears to be investing heavily in new technologies in the hope of
providing sustainable solutions to global and every day issues. As in any
developed nation or state, it has developed a significant reliance on utilities to
maintain high standards of living. The government have initiated many policies
and programmes to help try and lead the nation towards a more sustainable way
of life.

The visits made to a selection of companies drew on the main problems that
businesses are facing as a result of a rising concern for the environment. What is
being done about these issues, the impacts they are having and any future
consequences were also recorded. This research facilitated examination of the

extent to which technological innovation will drive future change in California.

Drivers for activity in this area are identified and some suggestions are made for
ways in which California could be more sustainable. Debates and controversy
run alongside solutions such as biofuels and alternative energies, and it is clear
that there is a lack of full understanding regarding the impacts of many
technological solutions. The influences some technologies or practices have
upon one another is summarised by this project.
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It is concluded that although technology may help in the search for a sustainable
future, correct dissemination of technology and appropriate solutions are of
greater importance. It can finally be noted that greater pushes from government
and businesses will aid the short term solutions to sustainability issues, however
education in building an awareness of this subject is the most vital component in
ensuring a systematic approach to existing and future services, practices and

products.
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5 Introduction

The term ‘“sustainability” has in recent years featured prominently in national

decision making, vastly in the media and often as part of our everyday lives.

This interest in the environment and sustaining the way we live comes primarily
from concerns for global warming and a rise in atmospheric levels of carbon
dioxide (CO,). The way we produce items, trade, travel and consume in high
quantities has led to the unnatural balance of our ecological systems. Figure 1
below is taken from the fourth assessment by the Intergovernmental Panel for

Climate Change® and illustrates the increase in global temperatures over the last

150 years.
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Figure 1

Temperature rises are due to an increase in CO; levels in the atmosphere, as the

solar energy received on the planet cannot then escape as efficiently. A large

® www.ipce.ch, 2007
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proportion of CO, and greenhouse gases come from the industrial sector; in
2005 37% of CO. emissions were from the energy industry and 18% from other
industries*. This presents the sector with challenges, but opens up opportunities

for improvement and innovation.

The volume of global manufactured production has increased two-fold in the last
30 years, and still continues to rise®. This demand fuels an increasing challenge
for the manufacturing industry. Balancing greater production with sustainable
practices in the coming future will be required to meet social, environmental and

economical targets.

As manufacturing engineering students, it is fascinating to see the industrial
environment making changes for the forthcoming generation. European policies
and initiatives have begun to engage the topic of sustainability and legislate
towards achieving sustainable manufacture and lowering carbon emissions.
Some of these include The European Directives on Waste Electrical and
Electronic Equipment (WEEE) and Restriction of Hazardous Substances (RoHS).
In addition to policies and regulations, a number of industrial projects and visits
made by this research group have highlighted behavioural changes taking place
in manufacturing and business here in the United Kingdom (UK). With the topic
of sustainability to hand and existing knowledge of business, manufacturing and
technology, the group attempts to explore the complexities of sustainability and

technological advances in the state of California.

From the outset California looks as if it is approaching this topic from a different
angle to that seen in Europe. This project takes the opportunity to investigate
how California is aiming to achieve sustainability through technology.

* Defra Statistics, 2007, www.defra.gov.uk/environment/statistics/globatmos/gagccukem
> Finbarr Livesey, 2006, A Future in Manufacturing High Value?, Lecture Slides;
http://www.cranfieldfellowship.com/pdf/2_Finbarr_Livesey.pdf
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5.1 Sustainability and California

As early as the 1gth Century, concerns have been expressed with regards to
population growth and the limits of agricultural productivity®. Despite predictions
of climate change and the unsustainable use of resources, it wasn’t until the
1960‘s when environmental bodies arose within governments. The Agenda 21
put forward by the United Nations (UN) in 1992 presents the argument that
resources and wealth must be re-distributed globally in order to sustain the
environment. This would mean that the standard of living would need to decrease
in the United States (US). Al Gore believes that the way the world needs to

develop will create a “wrenching transformation” of American society.

In an analysis presented by Richard G Saxon of RIBA’, two types of values on
sustainability are identified. The eco-puritan view is that as a society we must
embrace a “green” life and not create any waste or emissions. Where as the
techno-fixers believe that technology will bring the answer to the issues raised by
sustainability. Of course one argument is that neither of these views (at their
extreme) are viable. An eco-puritan approach would not complement the global
economic system as it stands, and equally we are far from finding complete and
affordable technological solutions. The interesting thing to note is the tendency of
certain nations to adopt these approaches. Germany and Northern Europe
certainly tend towards an eco-puritan belief system, whereas The US appears
not to fall strongly on either side although it is moving towards a more technology
based approach. Despite the apparent scepticism of the US, California is putting
a lot of effort and investment into technology and seems to hold a strong techno-
fixers viewpoint. Along with Japan it appears that California has identified an
economic opportunity in sustainable practices, or are they just doing it for the

good of the planet?

California is the largest populated state in the US, with a population of 37.3

® T Malthus, 1798, An essay on the principle of population
"The Royal Institute of British Architects, 2007, www.architecture.com
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million residents in 2006% which has grown by over 17.5 million in the last 30
years. This has meant that strains on resources are evident and California is now
globally the 12" largest emitter of carbon emissions.

The US Department of Energy (DOE)® in 2006 announced one of its award
programmes contributing $34.6 million towards energy efficiency in the country.
Of this, California has been allocated considerably more than other states, with
$2,269,000 towards various research and development projects. The geology
and natural environment of the Californian state has historically caused a
shortfall in resources such as water, however it has also played an important part
in creating alternative sources of energy. California’s Mojave Desert is home to
the world’s largest concentrating solar power facility®, in 2004 wind power
provided 1.5% of the states energy'® and geothermal plants (discussed further in
section 8.2.2) are just some examples of areas in which California is one step
ahead.

US Law has stated that carbon emissions must be reduced by 20%, of 1990
levels by 2020 and 33% by 2030. California however has set its own more
rigorous targets to drop 25% by 2020 and to 80% by 2050. California’s Governor
Schwarzenegger is aiming to set an example to the rest of the country in its drive
for sustainability, and has recently invested $40 million in research initiated by
BP at Berkeley University. Numerous other investments of this type and in-state
initiatives exemplify California’s search for a ‘“sustainable solutions” through
technological advances.

Particularly interesting for this study is the contrast observed between practices
in companies in the UK and that apparent in California; of high technological
investment for sustainability. With a continual flow of new start-up companies

from Silicon Valley and a strong government drive, California appears to believe

8 www.ca.gov, 2007
° www.energy.gov/news/3704, 2006

® www.energy.ca.gov/wind, 2007
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that technology is the answer, whilst the EU is seen to be setting a focal point
towards everyday behavioural change in order to combat global warming
systems. By visiting a wide range of companies, institutions and talking to those
working at all levels within organisations, one can gain a greater insight into the
way Californian business is dealing with sustainability. This project will provide
insight on whether California can sustain its standard of living through technology
alone, and how much is being done in reality, behind the face of the campaign for
sustainability.

5.2 Defining sustainability

“Sustainability”is a common term that holds many different meanings. Discussion
on this topic has evolved over the past 300 years and is today a more pressing
concern than ever before. As there are many definitions of sustainability, the
opportunity is taken to look at a few examples before identifying the definition
selected for this research project.

One of the earliest definitions of sustainability is thought to be that of Sir

MacFarlane Burnet in 1966;

“Resources of the Earth must be maintained for the use and
enjoyment of future generations in a measure not less than we now

enjoy’.

In the 1980 IUCN'" World Conservation Strategy sustainable development is
defined as;

“The integration of conservation and development to ensure that
modifications to the planet do indeed secure the survival and well-

being of all people”.

" The International Union for the Conservation of Nature and Natural resources
13
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The term adopted for use in this project however, is as defined by The UN World
Commission on Environment and Development in their report “Our Common
Future”in 1987;

“Sustainable development is development that meets the needs of
the present without compromising the ability of future generations to

meet their own needs”

Although this definition remains somewhat unqualified in its terms, it is hoped
that through examples in industry this project can aim to understand what needs
are to be met and how they can be sustained for the short term and long term

future.

More recently the triple bottom line is thought of as a ‘popular way of
understanding sustainability” according to the 2006 Forum for the Future'?. This
suggests that only through the consideration and measurement of the trio of
environmental, social and economical influences can we truly lead industry in a

sustainable manner.

This report explores the main drivers for meeting the triple bottom line and the
issues it generates. Through visits and meetings at political, business and
academic levels; the opinions of the people involved in sustainable outcomes for

manufacturing and business are invaluable to this investigation.

5.3 Technology and sustainability

Sustainability and technology have been interconnected in debates for many
years, with technology typically seen as having both a negative and positive
influence on the environment. Over 30 years ago, in his book “Small is

|”13

Beautiful””, Schumacher identifies the fact that it is technology and the

increasing population that has led to environmental damage. It follows that

12 www.forumforthefuture.org.uk
'3 E.F.Schumacher, 1973, Small is Beautiful, A study of economics as if people mattered
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science and technology need to be re-directed in order to provide “inventions and
machines which reverse the destructive trends” we have created on our planet.
An emphasis is placed, in Schumacher’s argument, on the need for solutions
suitable for small-scale application as well as being sustainable and cheap. This
opens up another interesting topic for exploration later, in section 10.3, upon
technology and sustainable activities at a small-medium enterprise (SME) level
compared to that within larger corporate firms.

In 1971 Ehrlich, Commoner and Holdren (US biological researchers) created the
IPAT formula to measure society’s impact on the environment:

Impact = Population x Affluence x Technology (I=PAT)

This of course does not provide a quantitative measure, but it is interesting that
technology is seen to be directly proportional to environmental impact, and can
contribute either negatively or positively to it. Discussion around this equation is
of interest since it has created some controversy on the topic. Ehrlich and
Holdren disagree that technology is solely responsible for the environmental
problems we encounter today and believe that although technology may help
delay environmental consequences it certainly cannot eliminate them.
Commoner has a much stronger opinion towards the great influence technology
has in global issues. He believes that “ecologically faulty technology”is the cause
of today’s environmental problems. Commoner went on to write “The poverty of
power” in 1976 as a response to the energy crisis of 1973 where he highlights
that the linkages between the ecosystem, production system and economic
system are not fully understood and that it would be dangerous to keep using
energy without thought for the future. Ehrlich, Holdren and Commoner had a
powerful influence on thought in environmental issues. Although discussions
today tend to be more optimistic in the hope for technology to provide a more
sustainable future, there is still an emphasis on how much more understanding is
still required within the field.

15
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An article on the changing views of technology and the definitions of the IPAT
equation' concludes that technology is often easier to manage than human
behaviour, especially in the US where this thought comes from the “faith in the
power of scientific advance”. Having already identified this as an observation
from the UK during preliminary investigations, the research project provides a
tool for exploring this further.

5.4 Vision

From afar California certainly seems to be ahead of its neighbouring states with
regards to its sustainable ethos and beliefs. California’s Governor Arnold
Schwarzenegger promotes a strong vision for the state and is seen to be putting
a lot of effort into the global environmental forum. He has stated that his
priorities lie in this promotion to the global arena and that creating Clean-tech’
for future generations will also offer a great opportunity for business generation.
Governor Schwarzenegger claims that through efforts in research and policy-
making California can “save the planet and boost its economy” as well as lead
other states and influence federal government.

“California leads the way on one of the most important issues’ that is
facing our time, that is; the fight against global warming.” Gov.
Schwarzenegger'®

The Californian Environmental Protection Agency (CalEPA) has an
environmental and economic awards programme. The awards seek to identify

exceptional activities from the individuals or businesses that have voluntarily

' M.R.Chetrow, 2001, The IPAT Equation and Its Variants, Changing views of Technology and
Environmental Impact, Journal of Industrial Ecology

'* Clean Technology abbreviated to “clean-tech” to group new advances in technology that are
efficient and globally responsible

'® Sept. 2006, Press release on signing of Landmark Legislation to Reduce Greenhouse Gas
Emissions, AB-32.
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contributed to sustaining resources or protecting California’s environment.
Amongst the winners from 2006 are a solar schools programme from Pacific Gas
and Electricity (PG&E), a vineyard practicing sustainable agriculture and a

recycling scheme in San Francisco.

It is not only at a governmental level that California appears to be working hard to
provide sustainable solutions to improve climate change and protect the
environment. Many corporations and large businesses include some sustainable

visions as part of their mission statements and policies.

“Together with our employees, Sony in America is working to improve
our communities and the world around us.” Sony USA Corporate

Philanthropy.

“‘We believe sustainable winegrowing goes above and beyond the
methods of organic farming and focuses on sustainability as a long-

term goal” Kunde Estate Winery & Vineyards California.

By visiting a variety of Californian companies and organisations the project hopes
to find that these visions will be somewhat measurable. Since the Greenpeace
movement in the 1960’s, there has been doubt over the reality of corporate
statements. The term “Greenwash”’ has been adopted to stand for the
environmentally conscious image that some boldly proclaim, with no action or
truth behind them. As companies and business aspire towards a sustainable
future, this research can assess the authenticity of their statements as well as

look at any real impacts they may be having.

5.5 Report outline

Having defined the terms used in this project, the report will endeavour to explain
the findings of the group. When visiting companies and organisations it was

'" A Brief history of Greenwash, March 2001, CorpWatch
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important to obtain their definitions of sustainability in order align the
investigations of this report, these outcomes are explained in section 6. In order
to form some thinking into why businesses might engage in sustainable practices
the group predicted some drivers as part of their preliminary work. The next
section explains these predictions and formulates an extension of the drivers as
presented by organisations when on the visits.

Section 8 provides the main bulk of the findings and discusses the challenges for
sustainability in California, and more specifically what is being done in order to
combat them. Section 9 presents the knock on impacts of the sustainable
solutions seen on the visits and summarises them in the form of a sustainability
web. With examples of sustainable activity and initiative, section 10 looks at how
sustainable practice affects business and what barriers exist to preventing them
from ‘“being green”, in this respect the section focuses on how small firms
compare to large companies. The concluding chapters take a look at
sustainability through technology, some alternatives to this and how California
could improve its activity in this field. Finally the report draws on a few lessons
learnt to bring back to the UK before finally concluding the findings for the

project.
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6 What does sustainability mean to California?

Sustainability is a term that is often ill-defined. Having selected a definition for the
content of this project it was important that those interviewed were in agreement

with this and that any other definitions were recorded.

All of those questioned agreed with the definition of meeting the needs of the
present without compromising the ability of future generations to meet their own
needs. However, it was found that sustainability within each organisation often
appears to be represented more in line with their individual operations. Those at
a building design company, Organic Architect, indicated that they preferred to
use the term ‘responsible” over ‘sustainable” due to the ambiguity and

generalisation it has adopted.

Sustainability in these terms requires a higher level thinking that is hard to link
directly to everyday practices and operations. It is apparent that sustainable
activity within companies may be a means or an end. Only where companies can
integrate awareness at all levels and not solely in the final product they produce,
are they working by means to a more sustainable business. It is clear that in
order to operate for more than just a sustainable end result proves challenging

for most businesses.
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7 Drivers of sustainability

7.1 Predicted drivers

Four main drivers for sustainability have been identified for the purpose of this

research. Motivations for seeking sustainable solutions within business were

discussed and led to the following predicted drivers; legislation, dissatisfaction,

profitability and energy security, Table 1 below notes describes each driver in

further detail.

Legislation

Legislation is an obvious driver for companies
and industries to act sustainably. In order to
meet regulations there is often some change
required within a business. Examples of
technological and behavioural change have
been seen here in the UK with the WEEE and
RoHS directives, these have also had an
impact in California since WEEE and RoHS
regulations must be met on all imports to the
EU.

Energy security

The California energy crisis of 2000 and the
unstable industry structure have left Californian
energy resources vulnerable to climate change

(see Section 8.2 regarding the energy
industry). The threat of oil shortages and
dependence on foreign imports will drive the
search for alternative energy resources and

lower consumption rates.

Profitability

Without investors or profit businesses cannot
operate, this factor is therefore another obvious
driver for any change in a company. With
regards to sustainability, it is thought that
companies who focus on developing new
technologies or meeting new demands in the

market will only do so if it is profitable.

Dissatisfaction

California’s geology, geography and history
have lead to dissatisfactions caused by poor air
quality, shortages in water resources and
energy supply. It is therefore thought that this
factor must play a significant part in driving the
general public and individuals in a push for

sustainable solutions.

Table 1
20
Institute of Manufacturing
Mill Lane
Cambridge
CB2 1RX




@ UNIVERSITY OF
p CAMBRIDGE

Y’ RESEARCH PROJECT

Sustainability through Technology: The Californian Model

7.2 Drivers — The reality

This section represents the opinions of those interviewed at organisations and
companies. All of the drivers for sustainability, as expressed during these
interviews, are embodied here. Views outside that of the employee’s however,

were less obvious and beyond the scope of the visits made.

When asked about the drivers for sustainable practice, the responses received
from the organisations tended to vary. All of those interviewed agreed with the
highlighted drivers and were asked to identify the one key driver that had most
influence on their business. Figure 2 shows the distribution of key drivers for

acting sustainably, as expressed by 13 of the organisations visited.

Key Drivers for Sustainability in California

23% o Profitability
m Legislation
0O Energy Security

0%

O Dissatisfaction

38%

Figure 2

Profitability and legislation were viewed as the strongest drivers, and energy
security did not feature at all. It is surprising that energy security was not
conveyed as a major driver or concern. This may be because energy security is a
higher level consideration that poses a threat at a national level but not directly at
an organisational level. It can be argued that businesses that are investing in
research and development in biofuels would not exist without the threat of energy
security, as they try to find alternatives to oil. Maximisation of energy resources
was certainly a key component in the business focus at CalEnergy and some
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members of the biofuel cooperatives. During visits it was also noted that the
majority of projects are funded by the Department of Energy (DOE) and that
energy security is clearly an important factor for the environment. The energy
industry is discussed in more detail in section 8.2.

Although most companies were able to identify key motivations for their
organisation, it is clear that the drivers discussed here have an impact on one
another and are closely interlinked. In addition to the four factors identified, other
drivers were indicated as being the main propellers for an organisations
sustainable behaviour. These included health issues, such as illnesses
experienced due to poor air quality, and also care for future generations.

Drivers for sustainability

Dissatisfaction

AN

Resource Security

<\ Pollution
\ T

Fear of
being seen

as laggards

generations Opinion
=
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\ industries

Profitability \ Legislation
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Figure 3
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The schematic in Figure 3 illustrates all of the identified drivers from company
visits made, with the arrows representing the knock-on impacts that some drivers
have upon one another. An example here is that new technology may initiate
new legislation should it create pollutants that need to be restricted, or
alternatively, in the case of the catalytic converter, the technology enabled the
legislation to be enforced. Similarly in order to meet new legislations an advance
in technology may be required. New technology can drive sustainable activity;
this was seen at Maxwell Capacitors where advances in their products are
leading to outstanding energy saving products and systems. Technology is a less
common driver for sustainability since its application relies on identifying how it
can bring sustainable benefits to a product or company.

As climate change and the environment enter the public domain it is not only
personal dissatisfaction that influences the opinion of the nation. The forward
thinking attitude of many Californians has created some global awareness and
therefore created a new market that demands more sustainable products and
services. At the Environmental Energy Technology Division (EETD) laboratories
at Berkeley, it is believed that despite the new market in this area, the demand
from the public is not as strong as it needs to be and that more should be done in
order to drive this forward.

If legislation and profitability truly are the main drivers for companies to be more
sustainable then a greater focus should certainly be made in these areas, along
with a market push, in order to influence them. One possible way of achieving
this may be better education about the issues at hand; the resulting
dissatisfaction based on the current state of affairs would reflect in customer
preferences and the introduction of new laws due to public pressure.
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8 What is being done in the field of sustainability?

This section explores the main issues for sustainability in California in order to
analyse the reality of what is happening in this state and the impact it is having.
Clearly there are many more issues beyond the scope of this project that would
have been interesting to analyse.

8.1 Emissions

8.1.1 The issue

The Californian city of Los Angeles (LA) sits in a valley and from as early as the
1940’s smog and air quality issues have been of concern to health and quality of
life. Long Beach in LA is California’s largest port for Chinese imports and
therefore adds to the air quality issues in this city. Research at California’s
leading universities has led to greater understandings of the issues. Half of
California’s energy use is in transportation fuel; the state has 30 million
registrations, 18 of which are automobiles'®. Hence 92%'® of the states CO»
emissions are from transportation and energy production; it is here that focus
needs to be made.

8.1.2 What is being done

California was the first state to impose air quality standards in 1959, and the Air
Resources Board (ARB) was created in 1967 to meet the challenges presented
by the smog. Cleaner cars were manufactured but smog levels only marginally
improved. The population of California grew significantly and car ownership was
high. A video produced by ARB? states that California was leading the US and
the world in air pollution control because it had no choice. The health of the
public was at high risk. Throughout the 80’s and 90’s California succeeded in
being home to some of the cleanest cars, and whilst air pollution has improved it
is still a considerable concern today. Dissatisfaction of this sort creates a need

'8 Balancing California’s Energy, 2005, Laurence Berkeley National Laboratory
'¥ Taken from California’s Sustainable Energy Policies, 2006, NRDC
%0 Clearing California Skies, 2004, Video: http://www.arb.ca.gov/videos/clskies.htm
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for change and development. Technological advances play a great part in
fighting discomforts such as the smog explained here. The Governor has
budgeted nearly $36 million®' for the implementation of The Global Warming
Solutions Act set in 2006, AB32, the majority of which is allocated to the ARB.

A visit to Tesla Motors highlighted its high-performance electric sports car. The
100% electric Roadster has managed to succeed in creating a fast yet energy
efficient vehicle. The car has an energy storage system that contains a battery of
lithium-ion cells which can drive the car for up to 245 miles. The battery status is
fed back to the driver and the power electronics module ensures that it is
recharged as efficiently as possible. The enabling factor of the Tesla Roadster is
the development of its unique battery technology. The electric motor is on
average 90% efficient and is therefore very competitive in its performance. Figure
4 below shows how the Roadster compares to some high performance cars in
the market. The miles per gallon along the x-axis indicates the efficiency of the
cars where the Roadster stands out against its competitors.

2! Legislative Analyst’s Office, www.lao.ca.gov
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Figure 4%

Tesla technology is a good example of how sustainability can be addressed by
cutting back carbon emissions. However there are some limiting factors to the
introduction of electric vehicles that include high component costs, infrastructure
readiness and maintenance (although the battery life of the Roadster is 100,000
miles). Tesla have targeted their car at the high-end performance market but at

the same time managed to maintain an affordable price.

22 \www.teslamotors.com
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Figure 5%

Tesla also emphasised that their car can be powered with 100% renewable
energy. They have set up a partner scheme with Solar City®*, a solar energy
systems supplier, to encourage customers to install solar panels in their home,

which can then be used to re-charge the vehicle.

8.1.3 What are the impacts

Activity towards the elimination of emissions has led to more serious studies on
the topic. The Energy Commission and U.S. Department of Energy carried out
research into geologic carbon sequestration to meet the requirements of the Bill

% Photo of the research group at Tesla Motors and pictures of the Roadster taken from the Tesla
website
2 www.solarcity.com

27

Institute of Manufacturing

Mill Lane
Cambridge
CB2 1RX



.7 UNIVERSITY OF
¥ CAMBRIDGE

ga/VIET®

Y’ RESEARCH PROJECT

Sustainability through Technology: The Californian Model

1925 passed in 2006 which focuses on energy savings. The project concluded
that although more technological research must be carried out, the other main

barriers were regulatory control and lack of public education on the topic.
Figure 6%° below shows California’s per capita CO» emissions over the last 30

years. Efforts have meant that levels are below the rest of the country and are

decreasing.

Per Capita Carbon Dioxide Emissions
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Figure 6

Despite attempts to lower emissions California is still the 12™ largest emitter of
greenhouse gases globally. The population has grown significantly and the
consumer-driven lifestyles mean that people still want to drive around in their
large, highly gas-consuming, vehicles. Small initiatives and products such as the

Tesla Roadster are great at providing solutions to high emissions and pollution,

%% Taken from California’s Sustainable Energy Policies, 2006, NRDC
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however the impacts are also small, and a lot more is needed in order to make a

significant difference.
8.2 Energy

8.2.1 The energy industry

Energy usage and supply have been somewhat of a delicate topic for California
over the last decade. In the year 2000, high demand from its large population
and regulated energy industry led to the energy crisis that is still ongoing.

The Californian energy crisis of 2000 was the result of an unexpected hot spring
that meant energy providers were unable to cope with the high demand; the
majority of energy used in buildings in the state is consumed in air conditioning
units. Regulation of energy prices meant that energy providers could not afford to
supply the demand and had to resort to out-of-state resources, thus leaving the
industry with major financial difficulties. The crisis led to the deregulation of the
industry so that energy prices were no longer fixed. There are a few main private
energy suppliers in California and the US; PG&E is one of the largest gas and
electric utilities in the United States and owns nearly 60%%° of all electric
transmission lines that run for over 100 miles. Despite large in-state plants
California still relies on import for some of its energy. Figure 7 shows California’s
major sources of energy and its dependence on imports?”.

%6 Galifornia Energy Commission
#” Figures summarised from 2005 & 2006 California Energy Commission
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California's Major Sources of Energy
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Figure 7

California has set itself targets to meet 33% of its energy needs from renewable
sources by 2010, and 80% by 2050, but how are these targets going to be met?
Visits made on this project offered a glimpse at some efforts in the energy

industry towards more sustainable supply and use.

8.2.2 Geothermal

The geothermal plant visited at Salton Sea (Figure 8) has a net capacity of
335MW and is run for 24 hours every day, extracting energy from hot molten rock
deep underground. The capital and operating costs are higher than for a gas
power station but still has a theoretical payback of 30 years. The plant is not

subsidised by the government but does serve 1.3 million customers in the state.
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Figure 8

Figure 9% below shows the layout of the geothermal plant and the basic steps in

its energy extraction process.

%8 For virtual tour see http://www.calenergy.com/html/aboutus4.asp
31

Institute of Manufacturing

Mill Lane
Cambridge
CB2 1RX



g UNIVERSITY OF
<P CAMBRIDGE

Y’ RESEARCH PROJECT

Sustainability through Technology: The Californian Model

_

grnm:l tour

Figure 9

(1) Superheated fluid at magma thousands of feet under ground (5,000ft —
10,000ft) extracted through a production well.

(2) The solids are separated from the steam.

(3) The steam is used to drive the turbines to generate electricity.

(4) The fluid left is injected back into the underground reservoirs via injection

wells.

A geothermal reservoir will normally provide energy for up to 200 years and
provided the fluid is not extracted quicker than it is replenished by rain water, it
will act as a sustainable source of energy. California already uses 10%
renewable energy, 8% of which comes from geothermal plants, this is included in
the 1% of geothermal energy used in the whole of the US.
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Like all solutions there are both advantages and disadvantages to this
technology as summarised in Table 2.

Problems of geothermal energy Advantages of geothermal

= Getting the energy to the » s not destructive to environment
customer. or agriculture.

= Expensive capital costs. = Low CO2 emission in energy

= Four to five times more power generation compared to coal and
needed than gas energy plants gas.
result in high operating costs. = California has the largest

= High cost in pipes (titanium geothermal resource in the world
cased) to prevent or slow (approximately 20% of world
erosion. capacity).

» Geothermal potential in California
alone is 3,465MW.

= Creates jobs and energy price
security for the state.

» Produces the equivalent of
274,000bpd of oil (typical Saudi
Arabian oil well produces
10,000bpd).

Table 2

Geothermal is therefore a good source of power for California; however
transmission is an issue here, since there is resistance to the construction of new
transition lines. More lobbying at federal level is needed in order to combat
problems of this type.
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8.2.3 Domestic

Electricity use in the home accounts for 40% of the total energy use (another
40% in commercial and only 14% in the industrial sector)?® An Executive Order
on green buildings was issued in 2004 for California, which says that new state
buildings had to be 20% more efficient by 2015, it also encourages the private
sector to follow these guidelines too. A rating system from the Leadership in
Energy and Environmental Design (LEED) is used to measure performances in

the building sector.

One visit was made to a small business that provides sustainable designs for
homes: Organic Architect, a unique architectural practice providing sustainably
designed homes. The founder does not want to expand the business into a large
company and holds a vision of gaining greater community and social interaction
through the incorporation of his designs. He believes that people will not ask for
sustainable buildings, and instead his company will need to adopt a push
approach to sales. The focus within this company is on material resources,
indoor air quality, maximum air/light/water/energy use and appropriate siting of
buildings. Organic Architect has changed the value proposition of its services
from an upfront cost to a lifecycle cost when talking to clients, through this long
term benefits can be recognised. Figure 10 shows the priorities Organic Architect

sets for itself and the impacts targets may have on the environment.

29 2005 stats for Electricity usage in peak periods from the Energy Commission
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In comparing relative measures it's useful to consider the environmental issues affected by each measure and the
scale of impact.

Related Environmental Categories Scale of Impact

Land Virgin
& Soil | Resource |Biodiversity Oﬁggﬁﬁnt Global | Regional |Local

Quality |Quality | 5 ity | Depletion

Save Energy

[<ecycle Buildings
Create Community
Reduce Material Use
Protect/Enhance Site
Select Benign Materials
Maximize Longevity
Save Water

Make the Building Healthy
Minimize C&D Waste
Green Your Business

High Relevance
Some Kelevance

Minimal Relevance

Figure 10

Organic Architects have initiated partnerships with the developers of the Green

Home Guide, the Green Business Certification and “Gigacrete™®

. “Gigacrete”
hydraulic cement is made from ash from coal power plants and cement, which

means that landfill volumes are decreased.

% See www.gigacrete.com
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Figure 11

Figure 11 shows an example of the work carried out at Organic Architects. This
passive solar house, in Bernal Heights in San Francisco, is built of Insulated
Concrete Forms (ICF's). The intention is that solar gains are made during the day
to keep the house warm in the evening. Solar shading on the western side is

achieved using bamboo rods in a wave pattern.

California State is also working in this area. The California Solar Initiative (state
funded) was launched at the start of 2006 whereby $2.9 billion over ten years is
available for installation of solar panels on roofs. The aim is to increase the
energy gained from solar power by 3000MW by 2017°'. Additional tax has been
implemented on energy use in order to fund education programs to teach people
how to use energy more efficiently in their home. PG&E and the Energy Centre
dedicated to this have a billion dollars to help meet the targets set for their
company in line with California state objectives.

%1 See http://www.cpuc.ca.gov/Static/energy/solar/index.htm for more information
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8.2.4 What are the impacts?
Figure 12 123 shows electricity consumption in California compared to the rest of

the US. Although California is the state with the lowest energy consumption per
capita, as the highest populated state in the US its energy demands are still
significant.

Comparison of Per Capita Electricity Consumption in U.S. and California
14,000

12,000

10,000

8,000
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&,000
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4,000

2,000

1960 1965 15970 1975 1980 1985 1940 15405 2000 2004

Figure 12

The impact of small start up firms, such as Organic Architect, is the creation of a
niche market as well as building awareness for its customers and the general
public. With solutions such as this people are able to continue to maintain their
quality of life without the same negative impact on the environment.

8.2.5 Future

Other examples of energy projects include research seen at the molecular
foundry, still in their early stages; improvement of PV cells and hydrogen energy
storage have not yet been commercialised. Some impressive solutions to

%2 Taken from the California Energy Commission 2005 statistics
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providing alternative energy to California have been observed and the
government is clearly aware of the needs in this sector. In spite of good efforts in
California the struggle to meet demands from an ever increasing population are
clear pressures on energy supply and usage. The majority of funding currently
comes from the energy commission but perhaps this industry could diversify in its
support to projects by pushing for more research and growth in new
technologies.

8.3 BioFuels

8.3.1 Why biofuels?

The main drive for finding alternative fuel sources is energy security, as well as
trying to lower CO, emissions. Biofuels offer some answers to these problems,
but like most solutions there are both positive and negative outcomes.

Biofuels are liquid fuels extracted from biomass. Biofuels have been used
historically and some of the first cars relied on this fuel source. Today biofuels
are mixed with existing fuel such as diesel and help relieve some dependence on
other sources. Cars manufactured in the US since 1988 are legally required to be
capable of running with at least 20% biofuels (B20) in their fuel mix.

First generation biofuels come from food crops such as vegetable oil, palm oil,
sugar cane and so on. Bio-ethanol can then be created by fermentation of these
crops and bio-diesels are made through chemical reactions with alcohol. Second
generation biofuels are now being explored further and come from agricultural
crops or waste such as wood chippings to create fuels like cellulosic-ethanol.
These have advantages over first generation fuels since they do not compete for
land area with food crops and make use of all of the plant material, unlike first
generation fuels that only use part of the crop. Second generation fuels use
biomass-to-liquid technologies that are not well developed or ready for

commercialisation.
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According to the conference attended on biofuels in San Francisco; there was a
300% growth in 2005 in the biodiesel market, however ethanol is still more widely
used than Biodiesel in the US.

8.3.2 What is being done
The US DOE, in 2006, implemented the Biofuel Initiative (BFI) that aims to make

cellulosic-ethanol cost competitive with gasoline by 2012, and to replace 30% of
fuel usage today with biofuels by 2030. There is debate however over the extent
of biofuel use and its limitations.

Small biofuel organisations are dedicating research into biofuel use and
development. Cooperatives have been established in order to share knowledge
and spread awareness; The San Francisco Biofuels Cooperative has one fueling
station to provide biofuels to its members. A Biofuel school bus campaign is
another example of a small cooperative project. School buses are run on waste
oils from restaurants and other sources of biofuels, there are also lower
emissions inside the bus. Many of these projects, as well as biofuel related
Silicon Valley start-ups, such as LS9, are funded by the US Department of

Energy, as part of their focus in biofuel development.

LS9 is a Biotechnology Company that is investigating the commercialisation of
biologically synthetic fuels. Figure 13 represents some alternative fuel options as
viewed at LS9. Comparison of cost and the difficulty in developing and using
them as a fuel alternative are indicated. The difficulties are being tackled here in
order to try and create a suitable biofuel for the market.
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Alternative Fuel Solutions
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Figure 13

8.3.3 What are the impacts

One main topic in the biofuel debate is the amount of arable land area required
for their growth. Biofuel harvest puts pressures on food-crop resource and