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“...Two of the most powerful drivers of change within modern economies are the
explosion of digital technologies and the shift toward sustainable devel opment.

Both require us to rethink the nature of goods and services; both have the capacity to
transform the relationship between governments, companies, citizens and consumers.”

James Wilsdon and Paul Miller,
Digital Futures

“Over the next decade or so sustainable development will constitute one of the biggest
opportunities in the history of commerce.”

Suart Hart, Professor of Corporate Strategy,
University of Michigan Business School?
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Executive Summary

The Information Technology industry (hardware, software and services) has provided many tools
to help generate and process data, communicate globally, and improve productivity. However, al
the rapid advances in this sector has not made our society more sustainable. Integrated economic,
ecological, and social sustainability issues have been largely overlooked by the IT sector and
Silicon Valley leaders, despite the significant opportunities that these issues present to 21%
century businesses.

Analysts are assessing a broader range of factors and “intangibles’ to forecast business
performance.® This report discusses the i ncreasing relevance of integrating sustainability factors
into business, including ecological and socia impacts of operations.

Over the course of the past decade, The Natural Step (TNS) has advised companies around the
world on integrating sustainability issues—including, ecological, social, and financial factors—
into core strategy and operations. TNS, and other organizations in the sustainability field, have
noted a growing need for integration of sustainability factorsinto information flowing within
businesses. Since the IT industry has provided many tools to track, measure, and broadcast the
financial performance of companies, it isin astrong position to provide tools to understand,
track, and address the social and ecological performance of business. We urge the IT industry to
take seize these business opportunities and to devel op solutions for organizations moving
towards sustainability.

The core argument of thisreport isthat thereispotential for I T to transform modern
businessinto a mor e efficient, cyclical, networ ked, and sustainability-oriented system that
paysreturnsto a “triple bottom line,” through economic, ecological, and social prosperity.

The report aso addresses some of the unsustainable practices of the IT industry. A case study of
Silicon Valley draws out I T industry-related impacts that threaten the quality of life and the
sustainability of the local economy. These issues include human health risks and costs related to
industrial practices; intensive use of natural resources; production and use of toxic; persistent and
bi 0-accumulative substances; water contamination, and disposal of e-waste. In addition, there are
anumber of social issues that has made the region less livable, such as significant income
disparities, civic service delivery challenges, and citing of hazardous waste facilities. Throughout
the document, opportunities are highlighted for the IT industry to be a leader in making both
business and society sustainable.

The report is divided into four sections. Section one addresses the importance of sustainability to
21° century businesses and the role of I T in facilitating this shift. Section two begins to explore
sustainability-related business opportunities for the I T sector. Section three outlines afew of the
issues that the IT sector itself faces and offers an overarching framework for understanding
sustainability concepts. The report concludes by describing a new vision for the role of IT in the
future.

The report makes the following key points:

The Natura Step © 2002. All rights reserved.
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Ecological and social issues have been largely ignored by the IT sector. In the rare
instances when included in decision-making process, these issue areas are perceived
of as costs and not as opportunities for profits.

Addressing sustainability issues will require new data generation and information
flows, which offers new business opportunities for IT.

Addressing sustainability issues will almost certainly translate into increased
efficiency and considerable cost-savings in operations.

There aready exist are some leaders and role-models within the I T sector.

Applying sustainability principlesto the IT sector itself will have significant impact
on Silicon Valley.

In light of these challenges and opportunities, this report offers anew vision for the IT sector, as
the source of innovation to produce tools for, and examples of, advancing society towards
sustainability.
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I ntroduction

“Foresight is the key to survival. Managers able to perceive trends and weak
signals where others see only noise or chaos can capitalize on the changing nature
of the market to reposition their firms before new entrants become a serious
threat.... Today’s corporations can seize the opportunity for sustainable
development.”

- Suart Hart and Mark Milstein. MIT Soan Management Review (1999)*

When the excitement of the internet’ s “information superhighway” abated and the downturn
began, companies with vision began to focus on perceiving and investing in new trends.

One of these new trends is sustainability-oriented business, which considers, addresses, and
devises solutions to prevailing ecological, social, and economic problems, while also seeking to
ensure the “triple bottom line” of their own firm, through realization of economic,
environmental, and social returns. The information technology (1T) sector is uniquely positioned
to realize new opportunities from this shift. The need is
growing for sustainability-oriented IT systems that can
capture, manage, and integrate a complex range of
economic, ecological, and socia information for usein
core business strategy and operations decision-making.

Technology Sector:

High Tech and IT Definitions

High and Information Technology (IT)
is generaly defined as the technology
for using, creating, storing, and
exchanging information in a digital
format. The industry is typically
broken into three sectors. hardware,

Leading companies such as Hewlett Packard, Ford
Motor Company, and DuPont are al exploring how to

software and services. There are also a
growing list of various sub-sectors.

What isthe value of the market?
In 1999, the Information and
Communication Technology (ICT)
market was valued at over $2 trillion

apply sustainability factors to supply chain logistics and
product design. These firms are part of the first stages
of alarger transition from environmental management
to sustainability-oriented strategy and operations. An
increasing number of analysts assert that this shift is
becoming integral to corporate success in the changing

) . ; context of the 21 century.®
worldwide, and growing rapidly.

(Source: World Information
Technology and Services Alliance.
2000. “Digital Planet 2000.”

As both multi-national companies and governments
further explore realizing “triple bottom line” returns—
measured by financial, environmental and social
parameters—there will be a growing need for managing complex data sets. The challenge will be
tracking and integrating different types of information related to dynamicswithin ecological,
social, and economic systems that affect businesses.

Whereas many of today’s companies track linear flows, of inputs and outputs, tomorrow’s
sustainability-oriented businesses will incorporate cyclical flowsin the development, delivery
and “reverse logistics’ related to retur ning and re-using products at the end of their use by
consumers. I T will become essentia to this shift by providing the information architecture to
enable the cyclical flow of data through businesses. As companies move toward more complex
information flow systems—and a better understanding of how to lessen environmental,
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community and social impacts—more I T tools will be needed for incorporating sustainability
issues in business operations.

Similar to the period of integrating internet technology into business operations, the expansion of
I'T and sustainability tools will have early adopters and latecomers. The early adopters will
embrace the possibilities and innovate new trends. The latecomers will be either those without
resources or wedded to old ways.

This report describes some of the sustainability issues that offer both opportunities and risks for
companiesin the IT sector. It isintended to begin a discussion about a new vision for the role of
information technology in 21 century business.

The report is divided into four sections. Section one addresses the importance of sustainability to
21° century businesses and the role of 1T in facilitating this shift. Section two begins to explore a
few of the business opportunities ahead for the high technology and IT sector. Section three
offers aframework for understanding sustainability issues and their relevance to the sector.
Finally, the report concludes by describing anew vision for the role of IT in the future.
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SECTION 1: 21% Century Business, Sustainability and the Pivotal Roleof IT

“...[W]e have become increasingly aware of an inescapable and disturbing fact:
We will not be able to sustain our businesses over the long haul because they are
based on two assumptions that no longer hold. One is that cheap, unlimited
supplies of hydrocarbons and other non-renewable resources will always be
available. The other isthat the earth’ s ecosystems will indefinitely absorb the
waste and emissions of our production and consumption”
- Chad Holliday, CEO, DuPont. Harvard Business Review (2001)’

1.1 Businessin the 21* Century: The Triple Bottom Line and Sustainability

A growing number of companies are looking to sustainability as away to increase overall value
and gain competitive advantage.® Bank of America, British Petroleum, DuPont, Ford, IKEA,
McDonalds, Nike, Royal Dutch Shell, and Starbucks are afew of the companies exploring
applications of sustainability to their businesses. Why? Sustainability practices increasingly
make business sense.

Sustainability-oriented companies focus not only on economic performance, but also social and
environmental performance. Investmentsin all three areas—as an integrated approach to
business decision-making—are paying off in the form of:

Innovation
Sustainability-oriented companies continually position themselves to perceive of, and
adapt to, competitive pressures and changing contexts.”

Operational efficiency
Sustainability-oriented re-design and re-engineering of products can significantly cut
operational costs, including material and energy use.™

Brand equity
The enhanced brand equity and reputation that comes with more sustainable business
practice attracts customers and talented employees while increasing shareholder value. ™

Lower risk

The stakeholder engagement and environmental process focus of sustainability-oriented
companies decreases risks of public relations disasters, fines, boycotts, and clean-up
costs.?

Talent
Sustainability-focused firms find it easier to attract and to retain talent. ™

Shareholder value
Research shows that companies pursuing sustainability-oriented business strategy have
greater shareholder value than their peers™
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It is not surprising that sustainability-focused business practice increasingly makes economic
sense. All businesses and economic systems operate within—and are fundamentally reliant
upon—socia and ecological systems. Corporate value creation has always been affected by three
dimensions—of environmental, social, economic—rather than one. Social unrest and
environmental problems have effects on business. The challenges faced by builders and
contractors in contaminated neighborhoods reveals the direct links between the environment and
the economy. The workers' rights issues that Nike and Gap have faced clearly show that social
performance mattersin how firms are perceived. In sum, environmental and social issues affect
the bottom line, whether or not they are captured on balance sheets.

Forward-looking CEOs are recognizing these additional dimensions as essential to business. As
DuPont CEO Chad Holliday has written, cheap, unlimited supplies of hydrocarbons and other
nonrenewabl e resources will not always be available and the earth cannot indefinitely absorb the
waste and emissions of our production and consumption. Holliday states that to meet the needs

of the population in the near future, we will need three planet earth’ s.™ Or we will need to
change the way that businessis done.

And in the Silicon Valley there are some leaders who are trying to make I T sustainable.
Rolltronics has committed itself to the triple bottomtline. It is pioneering a cradle-to-cradle semi -
conductor manufacturing system, ready to license and share the technology and committed to
making its employees partners in the company.

1.2 TheRoleof IT in Enabling the Shift to Sustainability

Information technology is positioned to play a key role in facilitating the shift toward
sustainability-oriented business. Asthe use of IT in business grows—and both public and private
demand for environmental and social responsibility increases—the need for effective
sustainability-oriented I T systems will similarly expand. Figure 1 outlines afew of the present
and future uses for IT in enabling sustainability.
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Figure 1. A View of FutureInformation Technology’s Sustainability Tools

IT applications that are... Toolsthat will help to...

Track and enable achievement of
Presently available compliance with regulations

Reduce risks

Increase eco-efficiency
(by assessing and decreasing life-cycle costs)

Track full life cycle of product and service
Currently in development and/or inputs, flows, and impacts
early modelsin existence - Enable sustainability-oriented product
design by engineers and product designers

Create “green chemistry” and sustainable
materials quality databases and services

Increase innovation and creativity, through
other easily accessible sustainability
information sources, improved searching
functions of internet, and more on-demand
software capabilities

Develop waste e-trading marketplace in
which companies sell their “waste” products
as raw material (“food”) for other companies
manufacturing process

Establish, and widely use, more
sustainable circuits/chip manufacturing
processes

Engage stakeholders on sustainability
Futurearrivals issues and concerns

Facilitate sustainability-oriented supply
chain system decision-making

Create waste trading industrial clusters of
closed loop manufacturing

Through R&D innovation and entrepreneurship, the I T industry has the opportunity to provide
leadership and create solutions that will revolutionize the industrial system and address core 21%
century environmental and social issues. I'T can enable the shift from a “take- make-waste’
economy to a closed loop system, by providing the necessary information flows that will enable
cyclic industria systems, which use waste from some processes as inputs for other processes.
With such systems, and re-considered design and business propositions, waste can become non-
existent. Simply stated, 1T could link sustainable processes to sustainability-oriented products,
the local to the global, and the present to the future.
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SECTION 2 Business Opportunitiesfor the I T Sector Related to Sustainability

21  Strategiesfor Moving Forward

Think of “e-sustainability” as using information technology tools—from sensors to databases
and websites—to integrate sustainability factors into business operations. Just as using the
internet dramatically altered business strategy and operations, using I T tools for “e-
sustainability” will require rethinking traditional business models. In place of the current market
role, amore integrated, systems-based economy will develop over time. To achieve this
transformation, the capabilities of the IT sector will be expanded significantly.

For example, researchers at the Massachusetts Institute for Technology (MIT) are creating new
identification tags to track products throughout their lifecycle. These tags could assess
interactions with the environment and send data to various systems. Information technology can
also enable aswitch from products to services, such as through computer leasing programs.
Already, many applications are available, but the real integration of sustainability conceptsin IT
and businessis still to come.

This report highlights the following four strategies to create economic, social, and environmental
value through the use of information technology:

= Strategy 1: Build a Real e-Company: Dematerialize and Digitize
Technologies available today are ripe for applying throughout any company or office,
including a focus ondematerializing products, digitizing documents, and
teleconferencing or netcasting meetings.

= Strategy 2: Maximize Efficiency
Efficiency—through sensors and computerized control of energy and material use—can
provide arange of environmental benefits. Motor systems account for fully 50% of total
energy use in the U.S.*® A new generation of computerized controls with sensors and
information flow could enable variable speed motors and continual adjustments to
minimize energy use."

= Strategy 3: Create Toolsfor Sustainability
Combining software, networks, and sustainability-oriented thinking has the potential to
create powerful tools for more sustainable businesses. Designers and engineers could use
sustai nability-focused databases and software to improve product design and/or
dematerialize products into services. Companies could manage the supply chain in terms
of minimizing ecological and social impacts.

= Strategy 4: Network with Nature and Re-Design Productsinto Services
IT systems can capture information about how the ecological systems work, which can
then be used to build better businesses. Natural systems can show, and inspire, smarter,
more connected systems. In addition, nature offers examples of smarter materials and
production methods, which businesses can apply through biomimicry techniques.*®
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These four strategies represent enormous opportunities for visionary leaders to reap market
advantage by integrating sustainability into I T business models, products and services.

Fortunately, asmall number of early adopters exist. The following sections illustrate how
companies are beginning to apply elements of each strategy and finding real economic bottom
line benefits.

2.2  BuildaReal e-Company: Dematerialize and Digitize

What may seem like very standard applications of | T—telecommuting, electronic
documentation, file storage, and intranet sites—are only recently being used by companies for
their full potential benefits.

For example, electronic documentation is resulting in savings in paper. By storing files on laser
disks or other electronic media, sending out manuals in electronic format, and offering customers
online records, businesses can save large quantities of paper, staff time, and money. In addition,
through a shift to electronic record storage, companies have the potential to also save moneyin
reduced warehouse space. Figure 2 highlights a few other effortsin which firms areusing I T
tools to save money and move in a more sustainable direction.

XEROX remanufactures or recycles 95% of their electronics equipment. This effort saves
severa hundred million dollars annually and keeps millions of tons of waste from the
landfill. %

Weirton Steel Corporation installed computerized controls and sensors, which saves $12
million annually on fuel and is polluting less.?

Estee Lauder used a rever se logistics softwar e application and saved over $30 million in
one year from reduced volume of destroyed products, while also preventing the materials
from going into a landfill. ?

AT&T initiated atelework program, saving the company $125 million per year in reduced
real estate costs and increased productivity. Plus, there is the added environmental benefit
from keeping cars off the road.?*

These measures represent sound first steps. However, to truly build a company that takes
advantage of information technology for sustainability purposes, businesses should consider
turning products into services.

2.3 M aximize Efficiency
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A Fall 2001 Business Week special issue described the current period as the “ era of efficiency.”
According to the journal, the most successful companies are the ones that, “either achieved the
efficiency long promised by the technology revolution or that sell products and services that help
others improve their bottom line.” *

The number one company on that issue’s “Top 100 Info Tech” list was Celestica, which uses I T
to stay extremely lean, fast, and efficient. As Business Week points out, “Having all the plants
wired proved critical. Celestica keeps one huge database of partsit buys...” Celesticaisusing IT
to do more work, but IT systems can also be an effective tool in becoming more energy efficient
or reducing waste.

Another example of growing use of IT for efficiency is evident in use of computersin
automobiles. Systems like those that control the energy flows of Rocky Mountain Institute’s
HyperCar provide acrucia element in the new generation of hybrid vehicles® The Toyota
Prius, a hybrid vehicle, uses an onboard computer that factors in inputs from the battery,
accelerator pedal, engine, and other parts and then selects the correct energy source and other
outputs in order to maximize energy efficiency. Toyota s website claims the Prius' computer
system is, “like having an efficiency expert onboard at al time.” ®

The market in new “clean” transportation is predicted to grow from $2 billion today to $10
billion in 2005 and $48 billion by 2010.% IT systemswill play an important rolein guiding both
the development and deployment of clean transportation technologies.

Since motors account for over 50% of total U.S energy use, one of the most powerful usesfor
computerized efficiency-oriented controlsis clear. Motors traditionally have just two settings, off
and on. However, sensors and computer-based controls can create variable speed motors that can
cut the energy use—and accompanying emissions—of industrial motorsin half.* Pairing new
variable speed motors with a networked system of sensors and computer controls allows for
much higher energy efficiency. Sensors throughout the supply chain and manufacturing process
can provide real time information flow.

All of these factors are increasingly critical, as Vinod Khosla asserts:

“Corporations will not be competitive five years from now unless they have near-real-
time information systems.” ®

One company that has implemented exactly such a system is Weirton Steel Corporation, the 8™
largest U.S. steel producer. Within two years of replacing antiquated control equipment with
computerized controls, the plant has been able to achieve a 30% reduction in blast furnace gas
and waste steam releases and a 50% reduction in the amount of fuel it purchases. In fuel savings
alone, Weirton has reached $12 million in annual savings. The system also allows Weirton to go
one step farther and create a networked system that will alow real -time communication between
22 different operating units. In so doing, Weirton will be able to continuously evaluate and
optimize flows, thus continuing to save on energy, emissions, and fuel costs.®

-10-
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As transparency isincreasingly demanded by corporations in a post-Enron era, and as the
paralel trend of Corporate Social Responsibility reporting also grows, information flow in the
coming years will include additional aspects of operations. That is, another layer of information
flow within businesses will relate to compl ete understanding of, and accounting for, afirm’'s
environmental and social impacts. Sustainability-oriented IT systems are an essential way to
enable this task, particularly within large multinational firms.

24  CreateToolsfor Sustainability

After the foundations of hardware and operating systems were firmly established in the late 20"
century, software applications emerged to enable customer relationship management, supply
chain management, e-commerce, and many other business functions. Every new category brings
ahost of competing designs.

There are a growing number examples of concepts and practices that represent early foraysinto
the field of software for sustainability-oriented business, including:

= | ogistics Tracking

One study by AT Kearney, estimates that inefficiencies in supply chain can waste up to 25%
of acompany’ s operating costs. Therefore, even a 5% reduction in waste throughout the
supply chain can double atypical company’s profit margins.®

Examples of sound investments in logistics systems abound. Estée Lauder spent $1.3 million
on areverse-logistics IT system of scanners, business-intelligence tools, and a data
warehouse. In the project’ sfirst year, it recovered more than it invested in the effort through
reduced staffing and decreased costs. In additional, destroyed products—that end up in
landfills—plummeted from approximately $60 to $30 million a year.*

Home Depot also found a creative application for IT in the supply chain. By having sales
associates walk through the aisles and electronically record what needs to be restocked, the
company has virtually eliminated their need for warehouse space. 85% of their merchandise
moves directly from manufacturer to retail store, saving energy-using storage space and
transportation costs.

Increasing efficiencies in these ways isthe first step to integrating sustainability factors into
the business. IT is enabling this shift.

= Data and K nowledge M anagement

The companies that create systems to capture sustainability information flow will become
invaluable in the future. The field is already growing.

For example, Ecos Technologies (http://www.ecostech.cor), created a“ Knowledge

Management System” to track environmental information flows. Their software system is
helping large businesses, such as Timberland and Unisys, in supply chain management,

-11-
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decision making, and product design. Natural Logic (http://www.natlogic.con) is creating a
software system for assessing flows, as are other entrants into this expanding field.

= Product (Re)Design

A product design tool that could integrate environmental and social considerations into
engineering plans could offer an invaluable resource to companies. However, one of the
current obstacles to creating sustainability-oriented products is the time and expense required
to gather information and conduct analyses, such as life cycle assessments. Thisissue offersa
number of business opportunities for software and computing power for assessing products.

For example, researchers at Carnegie Mellon’s Green Design Initiative® have developed a
software program to measure the environmental impact per dollar of product. In addition, the
Alliance for Environmental Innovation has created an I T-enabled tool to guide designersin
selecting the least environmentally damaging material, process, and products to use.*

In the future, sustainability software programs will include additional components, such as
assessing working conditions in the country where materials and products originate and
considering various measures of sustainability on an array of materials and products.

25 Network with Nature and Re-Design Productsinto Services

One of the most exciting new strategies in business today—used in companies from Interface
carpets to engineering firm CH2M Hill—isto learn from nature how to build better products and
improved business models. Janine Benyus details the concept of designing with nature in mind in
her 1997 book Biomimicry.® Mimicking nature’ s approaches to solving problems can be readily
applied to IT systems to create new business opportunities.

For example, a business can start by asking completely new questions, such as. What can a
computer chip learn from aleaf? What can computer networks learn from an ant? These
guestions are not as far out as they may seem, and scientists and business |eaders are already
considering possible answers.

Ants have emerged as a possible source of inspiration for innovating faster networks. Ant
communication models are based on chemical signas, which are used to determine the most
efficient pathways to gather food and supplies. The power of ants' approach to conveying
information isin “swarm intelligence,” in which large numbers of local interactions can lead to
global problem solving.

This observation has led to theideathat “virtual ants’ can be set loose as well, gathering and
sorting information from databases. With such a model, web search engines could become more
useful and more organi zed. According to Steven Johnson, author of the 2001 book Emergence,
ants build “ a system where macro-intel ligence and adaptability derive from local knowledge.” ®

-12-
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Learning from Nature: Several information technology companies are
Potential Biomimicry Applications currently assessing how to merge ant models into
_ . business ideas. The BiosGroup, a Santa Fe-based
> ;%;“?ifgrbégaﬁ 8’:} gﬁg&‘i Zgr a company that develops science-based software, has
> Mussel Adhesive: An underwater studied ant behavior to develop optimization

adhesive that works without software for supply networks. Their clients include
catalysts or primers Ford Motor Company and Southwest Airlines,
> Teeth and Bones: Layering among other Fortune 1000 companies.*’ Other
technique for 3-D structures companies are considering ant behavior as a model
> Mother of Pearl: Super strong for organizing the web, peer-to-peer computing ,
coatings for airplane wings and and even, urban planni ng_48
cars

(Source:

http://www.biomimicry.org/case_studies materials.html)

Nature can also play arole in computer hardware
design through applications of biomimicry. (For
more information, see adjacent box and
http://www.biomimicry.org.)

In addition, scientists are exploring ways in which manufacturing can be more intelligert and
have less impact. For instance, Xerox PARC researchers are creating “smart matter” and devices
that allow microscale optical and mechanical systemsto take the place of traditional
manufacturing systems.® DuPont has already created a complete chemical plant on just three
silicon wafers and capable of synthesizing 18,000 kg/yr of chemicals. From an environmental
standpoint, this process has several benefits, including the reduction of storage, transportation,
and excess use of chemicals. In addition, a microscale plant might be able to use ingredients
available amost anywhere (sunlight, water, air) and transform them into substitutes for the
myriad of petroleum-derived chemicals currently in the industrial system. The potential for
transitioning the chemical industry towards a more biologically-based industry—using
sustainable natural resource management practices—is an areafor agreat deal of further
research.

These measures represent sound first steps. However, to truly build a company that takes
advantage of information technology for sustainability purposes, businesses will consider turning
products into services.

Traditionally, the purchase of new products—such as, computers, desks, and office carpeting—
has involved a one-ti me cost resulting in ownership of an item and the responsibility for disposal
at the end of its use. This model has created an economy where a mere 1% of the materials used
in Americaremains in use six months after they are sold. What will transform this “ take- make-
waste” economic system is a more dematerialized, service-oriented, cyclical economy?

A growing number of products are becoming dematerialized and even “servicized” as companies
consider fundamentally transforming their business models fromproduct-makers to service-

providers. This approach offers akey benefit of establishing long-term relationships with clients,
as products are longer-lived and companies offer on-going support for the items. The real engine
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underlying this business model is information technology. Ensuring ongoing information flows
will be crucial to the provision of quality service.

One early example of a shift to a service-oriented business is the replacement of car ownership
with “car sharing.” In cities around the world—including Paris, Tokyo, and San Francisco—car
share programs have been established to offer inexpensive access to cars for short periods
without paying for insurance or other associated expenses of ownership. At City CarSharein San
Francisco, cars are reserved through an internet reservation system that can immediately locate
which parking lots have cars available for use. Drivers are given an electronic key with a
compuiter chip inside. This type of information system—that captures data and transmitsit
throughout a networked system—offers an example of how IT can enable the transition from a
product to a service-based business model.

However, even the most cyclical service-based company may not be sustainable without
attention to addressing human needs and social issues. Indeed, meeting basic human needs may
become a core business strategy of a sustainability-oriented company.

Information technology can, and already is, providing a necessary tool for the integration of
social aspects of sustainability into business. For example, World Resource Institute’ s Digital
Dividend website maintains a clearinghouse of projects focused on bridging the digital divide,
the gap between those with access to digital information and those without, through technology
and business.> Hewlett Packard has begun to consider how to meet the information needs of the
4 billion humans on the planet without access to computers as a business strategy. > The
company’s “e-Inclusion Solutions” project is aimed at creating profitable solutions for bridging
the gap between technology-rich and technology-poor countries. Current approaches include
establishing an internet center in Ghana and using handheld computers with coffee farmersin
Costa Ricato help them achieve organic certification.

2.6  Innovating for Sustainability

An increasing number of companies have begun to address various aspects of sustainability, and
at least oneis developing integrated efforts. Rolltronics is taking the lead in sustainable
manufacture of semi-conductor devices and is committed to the triple bottomline:
- Rolltronics technology is "cradle to cradle”
- Nolead isused in their products
- Lessenergy used (using temperatures under 250 degrees compared to industry standard of
700 degrees)
- Use PET plastic film that is completely recyclable: Silicon circuit is only 2% of material
content

- Smaller footprint: manufactured in one small plant compared to industry standard of many
large dispersed plants to make final product

- Employees are owner/partners.
The Rolltronics model does show that Silicon Valley has visionaries who are trying to go “all the

way” in sustainability. Figure 3 offers alist of illustrative approaches to applying sustainability
within IT companies.
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Figure 3. Illustrative Approachesto Applying Sustainability Conceptsto | T Businesses

CREATING IT SYSTEMSTO MONITOR ENVIRONMENTAL DYNAMICS
[] Conservation International has partnered with Intel to create maps of biodiversity

“hotspots’ for use in planning conservation efforts. >

[ Opportunities exist for | T-enabled precision agriculture and forestry techniques.®’

DEVELOPING SOFTWARE TO INTEGRATE SUSTAINABILITY INTO DECISION-MAKING

Integrating environmental management functionality into Enterprise Resource Planning
(ERP) systems, SAP has aready launched their Product Lifecycle Management tool
(http://www.sap.com).*®

According to the nonprofit organization Cool Companies (http://www.cool-
companies.org), “Analysts at Ernst & Y oung estimate that collaborative planning
systems between manufacturers and suppliers could reduce inventories by $250 to $350
billion across the economy, roughly 25 to 35 percent of finished goods stock. IBM says
its e-commerce solutions are delivering inventory savings as high as 50 percent for some
of their customers.” >

Companies such as Ecos Technologies (http://www.ecostech.com), Natural Logic
(http://www.natlogic.com), Greenware (http://www.greenware.com), and Ecostream
(http://www.ecostream.net) are all creating new tools to manage environmental
information while saving time and increasing value.

The MERGE tool (http://www.environmental defense.org/alliance/merge/merge.htm),
created by the nonprofit Alliance for Environmental Innovation, enables product
designers to gauge environmental impacts while developing the product, allowing for
cost savings and environmental benefits.

ENABLING INFORMATION TRANSFER THROUGH ON-LINE SYSTEMS

U.S. Department of Energy Best Practices Database
(http://www.oit.doe.gov/bestpractices/) offers tools and case studies for improving
energy efficiency in business.

ThinkCycle (http://www.thinkcycle.org), an online “ collaborative design space,” is
using an open-source model website to tackle clean water, health care, and other
sustainable development challenges.

ADDING VALUE TO TECHNOLOGY EQUIPMENT THROUGH ENVIRONMENTAL FEATURES

The 2000 Roadmap of the National Electronics Manufacturing Initiative says of the four
leading trends in the high tech industry: “Environmental profile of products is becoming
more important.” ®

A manager at Panasonic said, “We've increased our sales dramatically, and were able to
get contracts away from several entrenched competitors solely because we had
EnergyStar qualified TVs.”®

Intel, Transmeta and Advanced Micro Devices al introducing energy-saving chip lines
by 2003.%?
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Thefield of IT and sustainability also offers numerous opportunities not only in corporations, but
in governments and communities as well. For example:

= LINCOS(Little Intelligent Communities) (http://www.lincos.net/html/eng/menu.html’)
isanew effort by Fundacion Costa Rica Para el Deserrollo Sostenible that uses shipping
containers that convert to a wireless communications office. The networked, portable
offices are used for telemedicine, soil and water analysis, and educational resourcesin
Costa Rica and the Dominican Republic. Hewlett Packard and MIT Media Labs have
hel ped implement the project.

=  Greenstar (http://www.greenstar.org/) creates solar energy powered community centers
with connections to the internet for a growing list of rural areas, including parts of India,
Jamaica, and Ghana.

= TaraHaat (http://www.tarahaat.comm) is designed to help rura Indians, with visuals and
audio for illiterate users, as well information on farming, education, and jobs.

Many additional examples are developing and documented at the Centre for Sustainable
Communications website, a UK -based nonprofit (http://www.sustainit.org/). The website also
discusses the opportunities for decreasing the environmental impacts of computer hardware.
Figure 4 presents a few examples of best practices from Sustainl T and examples of how IT has
the potential to catalyze sustainability-oriented enterprises, products, and design.
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Figure 4. Examplesof Best Practicesfrom Sustainl T (http://www.sustainit.org/)

Application Area Example
IBM Japan has implemented an integr ated mobile office
Business system, including 10 satellite offices and working from home.

They now have over 4,000 employees—approximately 20% of
workforce—taking part in telework options. (A case studying
outlining the financial and environmental savings of the project,
isat: http://www.sustainit.org/Files/CaseStudies/PDFcases/ibm.pdf)

Video-conferencing at hospitals in the UK is enhancing

Health training for nurses, and saving money by reducing the cost of
training sessions. The program is even sharing information and
training with health care facilities in South Africa. (For more
informati on:http://www.sustainit.org/Fil es/ CeStudi es/PD Fcases/oswal ds.pdf )

Virtual schooals. In rural Colombia there are 28 schools using
networked computers for online learning, teacher training and
community collaboration. Virtual universities are also
flourishing around the world, including the African Virtual
University (http://www.avu.org)).

Education

“Telecottages’ have been set up in rural England, providing
Communities new jobs, community centers, access to information sources, and
skill training. (http://www.tca.org.uk/).

Scorecard (http://www.scorecard.org), a project of Environmental
Communities Defense, provides information on local and national health and
environmental impacts to the general public.

Centrelink (http:/iwww.centrelink.gov.au/) in Australia is the federal
Government government’s effort to provide a“linked up” electronic source
for government services. With web and telephone services
available at over 400 access sites, Centrelink now reaches remote
and rural areas that previously were almost inaccessible. The
centralized computer system and networked access sites save the
government time and money.

The strategies laid out above offer immediate pathways forward. However, they may be just the
tip of the iceberg when it comes to opportunities for I'T in enabling sustainability.
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SECTION 3: The Relevance of Sustainability to IT Companies

Just as sustainability has become a pressing issue for many multinational corporations,
understanding the environmental and social impacts of the IT sector will become increasingly
essential in the 21% century. Sustainability analyses begin with several very simple questions:

What is sustainability?

How does it apply to my organization?

What is the future vision of my organization, in light of sustainability issues?

Where is the organization today, in terms of economic, environmental and social issues?
How do we move from where we are today to reach our sustainability-oriented enterprise
vison?

In order to begin this discussion, the following section provides an overview of a sustainability
assessment of the high technology sector, based on The Natural Step Framework. It offers
another vantage point on understanding impacts, opportunities and potential ways forward as
businesses. (Appendix A explains The Natural Step Framework in detail.)

3.1 ThelT Sector and Silicon Valley

Silicon Valley offers a case study of the impacts of the high technology sector on aregion.
Although sustainability issues will be different in other locales, this assessment provides an
overall approach and highlights issues that may be relevant to other regions in which the IT
sector is present.

Silicon Valley developed within aregion of
world-class universities and with the potential to
Located South of San Francisco, California create economic value from innovation.

Key Facts About Silicon Valley

Comprised of Santa Clara County, plus Hardware manufacturing was established in the
adjacent areas within San Mateo, Alameda Valley in the middle of the 20" century,
and Santa Cruz counties furthering the area’ s reputation as a center for
Population over 2.5 million _ new ideas. By the 1980s and 1990s, the area had
35%t°f residents were born in aforeign become the internationally recognized capital of
country information technol the internet.
88% of adults have at least high school ormetion technology and the internet
degree . . . .

This shift was manifest inland use changes.
In 2000, k . .
$%6 400 SVETOSWaGE Per worker was Orchards were replaced by industrial parks and
A representative household in the bottom Sub-divisions. The technology sector spread
20% of the income distribution earns throughout the area south of the San Francisco
$40,000 Bay, asis clear from Figure 5, which lays out the
A representative household in the top 20% geography of high technology manufacturing.
earns $149,000

(Source: Joint Venture: Silicon Valley Network.
2001. Index of Slicon Valley.
http://www.jointventure.org )

-18-



the MATURAL STEP

Figure5. Geography of High Technology Manufacturingin Silicon Valley, California
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3.2  Community and Social I mpacts of thelT Sector in Silicon Valley

The most notable community and social impacts of the IT industry, in the Silicon Valley,
include:

00 affecting human health, through materials and manufacturing;

[0 increasing the disparity between rich and poor, as well as the gap between people with
access to high technology-based information systems and those without access;

[0 contributing to dynamics that result in housing shortages and roadway congestion,

[0 offering appropriate salaries for civic services—such as, education, police, and fire
departments—in light of rising costs of living, and

[0 exporting sustainability impacts through outsourcing.

Each of these issue areas is discussed below.

= Human Health Impacts

The high technology sector has impacts on human health that have been documented within
both the workers and communities surrounding hardware manufacturing companies.® In the
only comprehensive, long-term study of the electronics industry and its health impacts,
researchers found that although industry workers have a fewer injuries than heavy
manufacturing, they have a higher rate of occupational illness.**

Figure 6. Computersand Human Health®®

In general, electronic equipment is a complicated assembly of more than 1,000 materials, many of which
are toxic to humans. For example, several of the most commonly used items include:

lead and cadmium in circuit boards,

lead oxide and barium in computer monitors cathode ray tubes,

mercury in switches and flat screens, and

brominated flame retardants on printed circuit boards, cables and plastic casings.

oood

Comprehensive health impacts of combinations of these and other chemicals in the products are not
known. However, it is widely known that the production of computer components—such as,
semiconductors, printed circuit boards, disk drives and monitors—use significant amounts of toxic gases,
acids and industrial solvents.

While there is a perception that high tech is a"clean industry,” the mgjority of high tech assembly
workers—often immigrant, women of color—work in a context with hazardous chemicals and some of the
lowest paying jobs in the industry. These workers experience disproportionate impacts on their health
compared to employees in other sectors. For example, many workers in chip manufacturing are reporting
cancer clusters and hirth defects.

(Contributed by: Silicon Valley Toxics Coalition 2002 (For further information see http://www.svtc.org))

Another concern emerges from the long list of chemicals used by semiconductor plants that
are frequently changed due to innovations in the industry.® Theissue is that the speed of new
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devel opments seldom offers sufficient time for complete testing the health safety or the
interaction with other chemicals. To date, the Semiconductor Industry Association (SIA), the
industry group of all the major chip manufacturers, has opposed conducting health studies.®’
Even when their own Scientific Advisory Committee recommended that the SIA,
“commission an epidemiological cohort study of wafer fabrication workers,” ® the industry
association responded with a cautionary press release that indicated they would conduct a
preliminary review before undergoing the recommended health study. ®

The human health effects of the technology sector commonly include reproductive problems
among female workers. A recent study found miscarriage rates among wafer fabrication plant
workers to be 40% higher than that of other women in the high tech industry. © Additionally,
a 1992 IBM assessment confirmed previous findings that women workers were subject to
increased rates of miscarriages from handling specific chemicals.” Although more restrictive
handling protocols have been adopted by IBM following the study, there remain unanswered
guestions about the causes of the reproductive risks and how to ensure that protection
measures are indeed reducing these risks among workers.

Figure 7. Human Health and Computer Chemicals. Brominated Flame Retardants

Of al the chemicals found in computers, brominated flame retardants (BFR) may have the most
dramatic effects on Bay Area residents. BFRs are found and used in the plastic casing of computers
and several other products, and are part of the chemical family PBDEs (Polybrominated
Diphynylethers). PBDEs are considered potential endocrine disrupters, which are substances
suspected to cause developmental and reproductive health problems.

A recent study found the highest human concentrations ever reported (in the world) of PBDEs in the
breast tissue of San Francisco Bay Area women.”® Nationally, the concentration of PBDEs in human
breast milk is rising exponentially, doubling every five years.”* Though data gathering and analyses
are ongoing, studies to date highlight one of many examples of public health implications from the
high tech industry.

(Source: Silicon Valley Toxics Codlition (For more information, please see: http://www.svtc.org))

Other human health impacts have arisen from computers following the end-of-life of a
machine and its disposal. The chemicalsin components can leach into the environment when
discarded, with the potential to affect health well after the manufacturing processis over.”
These effects greatly broaden the geographic area of human health impacts, from the local
production area to other areas around the world where technology equipment is used or
discarded. The growing piles of “e-waste” globally represent potential non-point-source
health impacts related to the high technology industry.

To illustrate some of the human health risks of living in the Silicon Valley, the Silicon Valley
Toxics Coalition (SVTC) created the Cumulative Exposure Project Eco-Maps. Using data
from the U.S. Environmental Protection Agency’s Cumulative Exposure Project
(U.SEE.P.A./CEP), these maps visually represent the areas at risk from 118 different
Hazardous Air Pollutants (HAPs). These HAPs include pollutants from high tech
manufacturing, transportation, refineries, as well as other sources. The SVTC website
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(http://www.svtc.org) shows the entire series of geographic and demographic maps using the
U.S.E.PA. data

Figure 8 presents amap of the cancer risks in the Santa Clara county area. The map reveals
that an individual living in Santa Clara County has a cancer risk ranging from 47.67 to
1543.75 in one million, which is above the one in amillion goal established in the Clean Air
Act of 1990.

Figure8. Map of Additional Cancer Casesfrom HazardousAir Pollutants

Additional Cancer Cases
All HAPs

[ ]47.67 to 113.00
[ ]113.00to 143.50
[ 143.50 to 171.44
[ 1171.44 to 215.860

B 215.86 to 1543.75

1] o 10 15
I

Miles
Clean Air Act goal = One (1

HAPs = Hazardous Air Pollutants

NOTE: Legend represents additional cases of cancer, exceeding the one per million people U.SE.P.A. goal. For
example, the darkest red areas have 215.86 to 1543.75 more cases of cancer per million people dueto the
cumulative exposure of 118 Hazardous Air Pollutants (HAPS).
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All of this data clearly shows that the information technology sector has had, and has the
potential to continue having, impacts on the health of Silicon Valley residents. Figure 9 discusses
some of the specific legal implications computer firms have had to face in response to worker
and community health concerns.

Figure9. Legal Implicationsof Links Between the High Technology and Human Health™®

In 1982, the perception of high technology as a “clean” industry was shattered. A birth defect and cancer
cluster was discovered in South San Jose, due to drinking water contamination by the Fairchild
Semiconductor Plant. Although the plant was subsequently closed, many lives were disrupted and the
effects of the technology sector were vividly illustrated. Personal injury lawsuits were filed against
Fairchild for health problems caused by exposure to toxics. In July 1986, the lawsuits were resolved for
530 residents in a multi-million dollar settlement.

Fairchild Semiconductor Contamination Case Details

17 children were born with major cardiac birth defects

60 families suffered miscarriages

530 people filed suits for illnesses related to drinking contaminated water
5 residents died from cancer before the suits were settled

VVVY

In response to concerns raised by health professionals and workers in the industry, three epidemiological
studies were conducted in the 1980s and 1990s examining the rate of miscarriages among women
working with industrial solventsin tech “clean rooms.” Each of the three studies—conducted by Digital
Equipment Corporation, IBM and an industry-wide analysis undertaken on behalf of the Semiconductor
Industry Association—identified statistically higher rates of miscarriages than were expected in other
worker populations.

More recently, IBM and National Semiconductor have also been involved in lawsuits filed by severa
hundred of their employees related to illnesses—primarily cancer and birth defects—that claimants assert
are due to working with chemicals in the semiconductor industry. Brain cancer, lymphomas, breast
cancer, miscarriages, sub-fertility, and complex birth defects are among the most startling health

issues among workers at IBM “clean room” manufacturing facilitiesin New York, Vermont and San Jose.
Similar health problems have been reported at National Semiconductor’s, semiconductor manufacturing
facilities in Santa Clara and Scotland.

Currently, over 200 IBM workers and their offspring are engaged in lawsuits for health impacts due to
chemical exposures on the job. The first case set for trial was settled last February for a child with
devastating birth defects whose parents both worked in the IBM “clean rooms.” Trias for other “clean
room” workers' children—and for workers with lymphoma, multiple myeloma and testicular cancer—are
set for September 2002 in New York.

(Contributed by: Silicon Valley Toxics Codlition (for further information please see: http://www.svtc.org))
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o lncomegaps

The IT sector, in Silicon Valley aswell as other areas, is stratified and includes a significant
range of salary levels. Engineers, designers and business peopl e represent the upper echelon,
with many highly-educated, well-paid, males. At the other end of the spectrum are the line
workers, comprised of predominantly immigrant females. A 2001 Working Partnerships
report noted that:

“Therise of high-tech and information technology has fostered the growth of alocal
economy shaped similar to an hourglass. At one end is a growing number of well-
compensated positions in management and highly skilled technical fields. However, at
the other pole we see afar greater expansion of low paying and even lesser skilled
technical positions.””’

The high tech industry commonly uses temporary and contract workers, even for long
periods of time, without the benefits the regular workers receive. Additionally, there are few,
if any, active unions at Silicon Valley electronics firms. The lowest paid group of workers
have seen little rise in the standard of living compared with many othersin Silicon Valley.

o Increased Population and Housing Shortage

During the second half of the 20" century, both jobs and population increased in the Silicon
Valley area, asrevealed in Figure 10. Housing, however, did not keep pace.

In 2000, jobsin Silicon Valley grew at four times the rate of housing production, continuing
to cause the long-term trend of housing shortages. ® However, in 2001, the rate of housing
growth surpassed job growth for the first time in ten years™. Still, the costs of housing
continue to be among the highest in the nation Only 15% of houses are affordable to
mediarrincome househol ds.®

Figure10. SantaClara County Population %
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o Education and Civic Services

Attracting high quality teachers has emerged as an ongoing problem in an areawhere a
beginning public school teacher would have to pay around 75% of his or her salary to afford
the average one-bedroom apartment.® Not surprisingly, the rate of Silicon Valley teachers
who are not fully certified climbed from 9% to 13% from 1997 to 2000, an indicator that
more teachers are coming in with only the bare-minimum, “emergency,” requirements.®

The need for quality education is clear. Perhaps most vividly illustrating this need is the fact
that in the Silicon Valley, African American, Hispanic, and Pacific Islander students often
fall below state averages in percent of students completing college entrance requirements.®

o Digital Divide

At aglobal and local level, thereis a gap—or “digital divide’—between those who have
access to information resources and those who do not. There are more telephones in Tokyo
than the entire continent of Africa. In Bangladesh, a computer costs an average of eight years
pay.%® At aglobal level, lack of access and equipment is the major focus of the digital divide.

However, at the local level—and within Silicon Valey—the digital divide strongly manifests
along lines of education, income, and race. For example, in 1999, an American childin a
low-income Caucasian family was three times as likely to have internet accessasachildin a
low-income African-American family.®

Fortunately, due to increasing attention to these issuesin the late 20" and early 21 centuries,
there are efforts to address and narrow these gaps. Silicon Valley technology companies have
contributed volunteer time and technology equipment donations. Targeted programs—such
as, San Francisco’s OpNet, Santa Clara’ s MentorGirls, and East Palo Alto’s Plugged In—are
al helping to increase access and skills, aswell as the potential for high-tech employment.®

These efforts illustrate that when the sector’s power of innovation is applied to a problem,
significant gains can be made. If this same level of dedication is applied to other problems,
the future of the region has the potential to hold continued promise from multiple
perspectives, including the potential for integrated ecological, social, and financial
sustainability.

o Qutsourcing
In Silicon Valley there has been a growing trend toward outsourcing production of high tech

equipment. Many widely recognized brands currently focus on design, engineering, and
marketing within their Silicon Valley offices, and manufacture in other parts of the world.
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The growth of outsourcing is expected to skyrocket in the next few years. Robertson Stevens

Globalization of Silicon Valley: Sustainability I mpacts

Fifteen to twenty years ago much of the chip manufacturing of
chips was concentrated in Silicon Valley and a few other places
within in the United States. Today, most semiconductor
manufacturing takes place in internationally, including Ireland,
Scotland, Taiwan, Maaysia and China. Other components such
as disk drives, circuit boards and monitors are manufactured in
Thailand, Singapore and the Philippines. Electronics assembly
has been growing in many additional countries including Mexico,
Costa Rica and Eastern Europe. While there have been some
improvements made, many of the environmental and health
problems that have been documented in Silicon Valley are
beginning to emerge in these other areas.

(Contributed by: Silicon Valey Toxics Coalition (http://mwww.svtc.org))

3.3

Environmental Impactsof thel T Sector in Silicon Valley

estimates that the current
18% to 22% of outsourced
activity will expand to 60%
to 70% in the long term. ®
The result of thisincrease
in outsourcing, particularly
without changed practices,
has to potential to translate
into more areas polluted
and transformed by high
tech manufacturing,
especialy in Asian
countries, where
environmental and labor
laws are often more lenient
than in the U.S.

Not surprisingly, some of the most significant environmental impacts of the technology sector
arise from the manufacturing and disposal of computer hardware. The ecological impacts of the
sector in the Silicon Valey, include:

intensive use of natura resources;

production and use of toxic, persistent, bioaccumulative substances,

contributions to contaminants in water;

creation of materials and products that ultimately become hazardous waste and electronic

waste, and
participation in dynamics leading to urban sprawl.

Each of these environmental impact areas is discussed below.

Intensive use of natural resour ces—especially water and ener gy—in manufacturing

and plant development.

Asin many other contemporary industrial processes, the high technology sector uses
considerableinputs. As an illustration, Figure 11 provides an overview of the uses and
amounts of key natural resource-based inputs needed for chip manufacturing. Perhaps
most surprising is that a substantial amount of the resources used in chip manufacturing
quickly become waste. One estimate is that over 99% of materials do not end up in the

final product.®
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Figurell. Overview of Resource Useln Semiconductor Manufacturing

Resource [ustrative Uses Quantities
- Air conditioning 240,000+ kilowatt hours,
Energy . Air filtration per day, per plant
- Water filtration
- Wafer fabrication and 2-5 million gallons,
Water cleaning per day, per plant
- Air conditioning
Fabrication plant Average new plant with
Land . Concrete columns 1 million sg. ft space:
and . Clean rooms . 150 miles electrical
Building Materials wire
80 miles pipe
Concrete for 15 miles
of road
3,000 miles of
reinforcing steel

(Source: Mazurek (1999): 29, 48, and 49.)

Production and use of toxic substances

Producing computer chips requires hundreds of different chemicals and gases. Many of
these chemicals are known carcinogens. Although the high tech industry has arelative
low use of chemicals compared with the other industries, the human health impacts noted
above remain acause of concern.” Figure 12 reviews a few specific toxic substances
used in manufacturing and the quantities released into the environment, which reveals
emissions reductions in recent years.

Figure 13 and Figure 14 are drawn from an interactive map (http://www.svtc.org) that
shows the location of hundreds of point sources where toxics are found in the Silicon
Valley, many of which correspond with the areas in which manufacturing facilities are
located. The interactive capabilities of the map allows users to find detailed information
about each specific location, types and levels of pollutants, and contact information.
Figure 14 provides a sample close-up map, illustrating the level of detail the interactive
website provides.
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Figure12. SantaClara County Manufacturing®?

As of 1999, the latest Toxics Release Inventory (TRI) data showed that in Santa Clara County, 48
companies, out of the hundreds of facilities in the area, emitted roughly 100,000 pounds of toxics listed
on the TRI into the county air basin. Given that this study examined only a very small subset of
companies—which are in the Electrical and Electronic Equipment sector, employ more than ten
employees, and use over 10,000 pounds of any chemical on the TRI list of 667 chemicals—it is likely that
there are far greater quantities of toxic chemicals emitted into the air each year from the high-tech
electronics industry aone.

Within recent years, however, the air emissions from high-tech manufacturing facilities have been
reduced drastically as compared to previous years. For example, in 1989, 1.6 million pounds of emissions
were released into air, as compared to 100,000 pounds in 1999. It is important to note, however, this
progress must be evaluated within the context that during the same period of time, many manufacturing
facilities have moved out of state and out of country.

Listing of thelargest quantities of chemicalsthat areeither:

released in Santa Clara County by semiconductor manufacturers, or
remained inside computer products until eventual disposal .

Chemical Name Amount
(in pounds)

N-Methyl-2-Pyrrolidone 52,000
Nickel Compounds 30,000
Methanol 12,000
Hydrochloric acid 10,000
Sodium

Dimethyldithiocarbamate 10,000

(Contributed by: Silicon Valey Toxics Coalition (For more information please see: http://www.svtc.org))
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Figure13. ToxicsPoint SourcesMap for theSilicon Valley Region, California
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(Source: Silicon Valley Toxics Coalition http://www.svtc.org/resource/maps/index.html,

Data from the Right to Know Network at: http://www.rtknet.org)
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Figurel14. Close-Up on the ToxicsPoint SourcesMap for theSilicon Valley Region
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=  Contributionsto Water Contamination

Water pollution is perhaps the most recognized environmental impact of high tech
production. In thel980's Silicon Valley newspapers featured headlines such as, “Clean
Industry Dirty Water” and “Toxics in our Water.”* Currently, Santa Clara County is
home to a greater number of U.S. Environmental Protection Agency-recognized
“Superfund” sites—a descriptor given to the nation’s most contaminated areas, eligible
for federal “superfund” money—than any other county in the country. Of the 29
Superfund sites in Santa Clara County, 20 were directly related to the electronics
industry. %

The issue at most of these sites is extensive groundwater contamination from
semiconductor manufacturing. In addition to the Superfund sites, 94 groundwater
pollution sites in Santa Clara County are also the direct result of the high tech industry,
with some contamination extending in long “plumes” for milesin length and over 100
feet depth.®

Figure 15 presents a map, created by SVTC, illustrating the location of groundwater
contamination in Santa Clara County. This map, located on the SVTC website, has
interactive capabilities, aswell as specific data on polluted sites.

Figure 16 offers a demographic overlay and shows the location of the groundwater
contamination relative to the Latino population in the Silicon Valley. This map reveals
that the contaminated sites are frequently located in areas with higher densities of Latinos
and African-Americans, people with lower median-incomes, and renters. (For more
demographic maps visit: http://www.svtc.org/ecomaps/svtc_maps/demographics/latino.htm.
The data for both maps is from the California Regional Water Quality Control Board.

96)
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Figure15. Groundwater Contamination Sitesin Santa Clara County, California
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NOTE: Each red square represents a groundwater contamination site, based on data fromthe California Regional Water Quality
Control Board.

(Source: http://www.svtc.org/ecomaps/svtc_maps/maps.htm)
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Figure16. Silicon Valley Groundwater Contamination and L atino Population Density
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Creation of eectronic waste

Both the hazardous and non-hazardous waste at the end of a high tech product’ s use—
often referred to as “ e-waste” —presents environmental concerns. In the U.S. only 14% of
computers are recycled or remanufactured, with the remaining 86% going to hazardous
waste landfills (46%), solid waste landfills (25%), and incineration facilities (15%).%"

Additionally, electronic waste is being exported to India, China and other developing
countries with lower environmental standards and oversight. A 2002 report by the Silicon
Valley Toxics Coalition and Basel Action Network estimated that between 50% and 80%
of electronic waste is shipped to developing countries.® Figure 17 outlines some of the
environmental problems associated with the rising amounts of electronic waste.

Several companies, however, are offering limited take back and recycling programs,
although many have a fee. In addition, programs such as Hewlett Packard’ s toner
cartridge recycling are making progress in the direction of “closing the loop” for high
tech equipment. Remanufacturing is also being explored, and companies such as XEROX
tout their multi-million savings from remenufacturing equipment. ®

Rolltronicsistrying to achieve the goal of being cradle-to-cradle. Recycling and reusing
their product and also manufacturing it with greater energy efficiency.
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Figure17. Electronic Waste'®

By the year 2005, one computer will become obsolete for every new computer put on the market.
Sudies estimate that the number of obsolete computersin the United Stateswill soon be ashigh as
315 to 680 million units, resulting in more than a billion pounds of lead and millions of pounds of cadmium,
mercury and other toxic materials.

The increasingly rapid evolution of technology has effectively rendered many items disposable after a
relatively short period of time. Consumers no longer take a malfunctioning toaster, VCR or telephone to a
repair shop. Replacement is often easier and cheaper than repair. And while these ever improving gadgets
provide many benefits, they also carry alegacy of waste.

Electronic waste (e-waste) includes a broad and growing range of electronic devices that are disposed of,
such as computers, monitors, TVs, stereos, cellular phones, and personal electronic devices. E-waste
already constitutes from 2% to 5% of the United States' municipal solid waste stream and is increasing
rapidly. According to the U.S. Environmental Protection Agency, in 1997 more than 3.2 million tons of e-
waste ended up in U.S. landfills.

Over the last several years, no product has epitomized the problems posed by obsolete electronics as the
personal computer. Today's computer industry innovates very quickly, bringing new technologies and
upgrades to market on the average of every 18 months. Thus, the average life span of a personal computer
has shrunk to two years. Currently, Californians buy more than 2.2 million new computer systems each
year, and this number is growing exponentially. (Thus far, about 50% of US households own a computer.)

Analysts estimate that more than 6,000 computers become obsolete in California every day. These
machines are either tossed out with the trash and subsequently landfilled by trash collectors, often
illegally. Many are stored in attics and garages. Consumers have, on average, two to three obsolete
computers in their garages, closets or storage spaces. U.S. government researchers estimate that three-
quarters of all computers ever sold in the country remain stockpiled, awaiting disposal. The Nationa
Safety Council reported in 1999 that only 11% of discarded computers were recycled, compared with
28% of overall municipal solid waste.

Computers, televisions and other e-waste contain materials and components that could be recycled.
However, one of the problemsis the lack of collection incentives and recycling infrastructure, as well as
the high cost of material collection, handling and processing. The costs of recycling often outweigh the
value, especially due to costs of handling toxic materials.

Lastly, an immense problem that has been brought to light recently by SVTC' s report * Exporting Harm,”
is that of exporting old I T equipment to developing nations.*® Thousands of people in Asia are in the
“recycling” business, breaking down old computers and technology equipment for parts, often burning
and disposing hazardous materials. One effect of the unregulated operations is groundwater
contamination, including, as reported in the New York Times, “aarming levels of heavy metals that
corresponded directly with metals most commonly found in computers.” 1% The report also describes the
frequent child labor practices in the recycling industry.’® All of these factors should be addressed in
creating a sustainability-oriented high tech enterprises.

(Contributed by: Silicon Valley Toxics Codlition (for more information see: http://www.svtc.org))

= Urban Sprawl
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Fifty years ago, the Santa Clara Valey was home to the some of the world’'s most fertile
soil and large quantities of produced prunes, apricots, and cherries. Today, from Highway
101, many would get the sense of Santa Clara County as a congested parking lot. Almost
the entire valley floor and much of the hillsides have been converted to industrial and
office parks. In 1999, the Greenbelt Alliance ranked Santa Clara County second among
the nine Bay Area counties in terms of “most land at risk of development”.** Figure 18
illustrates the dramatic change in the Silicon Valley landscape in the past 50 years.

The sudden growth of the Valley threatens the quality of life for all residents, leading to
smog, sprawl, housing shortages, and an overwhelmed educational system. In addition,
the traffic congestion costs drivers over $1.25 billion annually and has a major impact on
air quality,™ which in turn affects human health issues.
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Figure18. The Changing L andscape of the Silicon Valley Region, California
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-37-



the MATURAL STEP

34  TheNatural Step Framework and the Information Technology Sector

The beginnings of a sustainability assessment process is presented in the preceding sections of
this report, by explaining sustainability and its relevance to both business in general, and a sector
in particular.

The Natural Step (TNS) Framework was developed in response to the need for clarity in how to
integrate complex ecological and social factors and dynamicsinto decision-making. The Natural
Step’ s System Conditions offer principles to guide sustainability-oriented decision-making and
assist in devel oping pathways forward.

Supported by scientists internationally—and described as an “ operating system” for
sustainability—TNS' Framework provides a common basis from which to understand the
fundamental conditions of sustainability. Thus, it offers a standard and accepted baseline for
sustainability, while also facilitating decision-making. These overarching principles and
approaches are part of a broader set of tools for understanding and applying sustainability
concepts to businesses,'®

The Natural Step Framework has been applied and extensively used in arange of businesses,
including, Nike, CH2MHill, IKEA, Collins Pine Company, and Scandic Hotels. Each of these
companies has sought to stop the cycle of continually reacting to environmental problems and to
become more pro-active by improving operations and, in some cases, rethinking strategy.
Businesses have realized results that been measured in several ways, ranging from improved
environmental performance through millions of dollarsin cost savings.'”’

The Natural Step’s four system conditions can be used to analyze information technology as a

tool in developing a sustainable society. While there are many obstacles and challenges, there is
also much potentia for IT to reinvent itself.
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SECTION 4: IT in a Sustainable Future

“Thereis undoubtedly arapid progression to greater focus and accountability on
corporate sustainability or the environmental and social issues. With this comes the need
to engage with stakeholders and demonstrate performance and transparency....
Failure to address the issue will result in greater cost, not least in relation to reputation,
and could even lead to organizations not being allowed to operate....
To add business value, organizations need to integrate environmental and socia strategies
into their core business strategy in a proactive and innovative manner.”

- Pricewater houseCoopers 2000

As agrowing number of multinational corporations are assessing how to become more focused
on sustainability issues, the I T sector has an opportunity to become a sustainability-oriented
solutions provider, both for its clients and for its own operations. The question is what efforts
will be first undertaken in exploring integration of its products and practices with those of
sustainability. As Klaus Fichter, atechnology and sustainability analyst, asks:

“Will homo connecticus lovingly stroke over his computer touch screen, be beamed via
the World Wide Web around the globe in a matter of seconds and get all the jobs done
effortlessly, cheaply, in real time and of course using a minimum of energy resources and
without any side-effects? Is that the new economy — clean, pollutant free and gentle on
resources?’°

Asis clear from the preceding pages, thisvision is far from reality. Thisfinal section offersa
vision of a sustainability-oriented I T sector.

If the I T sector begins to strategically consider the context in which 21% century business will be
conducted, awhole new set of options emerge. John Seely Brown, chief scientist at XEROX,
offers one view of the future:™*

“Roughly 15 years into the 21% century, the social computing stage morphed into a period
called ecological or symbiotic computing. Structural matter (atoms) and computing (bits)
became inseparable. Zillions of sensors, effectors and logical elements (made of organic
and inorganic materials) were interconnected via wireless, peer-to-peer technologies,
producing smart, malleable stuff used to build smart appliances, buildings, roads and
more.... In away, the inorganic world took on organic properties, using computing to
transparently modul ate responses to the environment.”

Although realization of thisvision may seem distant, companies can begin by devising the IT
systems, and technology for, sustainable energy, transportation, and resource use. All of these
issues represent issue areas that, if addressed, could become enormous business opportunities.
For example:

O How can IT enable product designersto “grow” solutions within a design space that does
not just take into account nature, but uses sustainability principlesin the way we use
specific concepts like gravity, heat, and tension?
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How can IT enable more sustainable manufacturing and delivery models?
How can IT facilitate new, sustainability-oriented business models to be created?

How can IT enable new materials to be developed and cycled in sustainable ways?

O o 0o 0O

What are the new ways that IT can extend the human ability to adapt, learn, ask
guestions, and find answers?

0 How can IT help usto consider factors that are farther into the future, deeper into the
past, which affect the dynamics between ourselves and the planet-wide system in which
we live?

With these points in mind, avision for I'T in 2020 is a sector that:
= Designs and creates new technology services that are characterized as:

being free of persistent organic pollutants, heavy metals, and toxic,
persistent, and bioaccumulative ingredients,

cycling materials through “closed loop” processes, and
operating on solar energy.
= Manufactures using solar energy

» |nvestsin eliminating the digital divide and providing access for all people, while
respecting cultural differences and cultural needs

= Operates on continually developing, open source software models that prolong
life of machines

= Produces machines that can be upgraded with new technologies

= Establishes operations in devel oping nations that embody (and improve on) the
practices in Europe and North America

= Ensuresthe health and safety of all workers and communities

These steps may be beyond the capacity of any single company, but al firms do have rolesto
play and areasin which to start. As more businesses, non-profit organizations, and government
agencies take the first steps, coalitions can form and difficult, cross-cutting problems can be
addressed. The ecological and social impacts of the high technology sector can be greatly
reduced through a combination of product and business (re)design, closed-loop systems, and
regiona planning and policy More importantly, the sustainability-based opportunities are wide
open to hardware and software innovation and entrepreneurship.

Hardware tools, such as sensors and controls, can improve eco-efficiency, record ecosystem
information, and monitor inventories. Software has enormous potential for integrating
sustainability principlesinto supply chain management and enterprise resource planning,
sustainable product design, as well as both information capture and management. Finally,
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internet and communications technology can being used in new ways to connect people to better
understanding ecological and socia dynamics.

Since nature isitself alarge information system, the potential to change business will become
unleashed when the I T sector begins to work with nature and towards sustainability. With a
vision to the future, and an understanding of sustainability, the IT sector is equipped to innovate
for a more sustainable world.
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APPENDIX A: THE NATURAL STEP FRAMEWORK
About Sustainability and Sustainable Devel opment
Increasing demands upon, and depletion of, natural resources, accelerating levels of global

pollution, and growing concerns about the impacts of businesses on society are not new
problems.

Neither are they avoidable. These factors will Fig AL The TNS*“Funnd”
increasingly constrain the 'freedom to operate’ of S Fastdiminishing resources
organizations and society at large. The Natural Step A Fast-growing population
(TNS) uses the metaphor of “the funnel” to describe the

tightening of these constraints, and the pressures to A Sustainability Conditions met

become more sustainable (Figure A1). Sustainable
development addresses these challenges proactively,
based upon a sound understanding of what sustainability
means.

A sustainable system is one that can continue indefinitely. A sustainable society is one that does
not impair or overload the life-support systems that provide for its needs. A sustainable product,
process or organisation is one that respects nature’ s non-negotiable limits and the rights of those
with whom it interacts, however remotely. It isthat basic and, at the same time, remote from
common practice today.

All too often, problems are addressed reactively, using technical means to cure symptoms and

not address core i ssues. True sustainable devel opment goes along way beyond merely

complying with basic environmental and social obligations, and differs from traditional 'end-of-
pipe' solutions to pollution and social concerns. Rather, sustainable devel opment addresses i ssues
“upstream” early in the decision-making process, such that the pursuit of business does not
systematically create the kinds of social and environmental problems that will, sooner or later,
harm business performance and reputati on.

How does one move from concept to practice, and begin applying these concepts to the messy
world in which welive? If we chase them back far enough, it is easy to see that businesses
ultimately depend upon natural and human resources including for example, energy, timber,
clean air and water, as well as the ingenuity and labor of people who converts these natural
resources into economic goods. We all share the same world, and therefore our activities
inevitably affect that same world and all those living within it.

Since sustainability challenges are unavoidable, sustainable development is also possibly the
greatest business opportunity of the age. It isfirstly essential to acknowledge that the Earth’s
ecosystems, upon which we are fully dependent, operate in waysthat it is possible to define
using science and ultimately determine what is and what is not sustainable. The Natural Step’s
approach to sustainable devel opment is based upon a systematization of these scientific
principles.
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The Natural Step Framework

The Natural Step (TNS) Framework presents a Fig A2: The TNS Systems Model of Resour ce Cycles
set of principles and strategic tools based on SOl ENeraY N y1ctier oyced by ecosystems

the scientific principles governing the Earth’s
ecosystem, the inherently sustainable system

Society’s cycles

that supplies all our needs. At the heart of the *
TNS Framework is a science-based systems
model of this sustainable Earth system (Figure }”

A2). The Framework defines what
sustainability means and helps organisations
integrate sustainability factors into their
decision-making processes.

Slow exchange

Earth’s Crust

It can also be used to explore the sustainability implications of today’ s products and processes,

and the measures that must be undertaken to make them more sustainable. The TNS Framework

comprises four elements:

Fig A3: The Four TNS System Conditions

A. Sustainability awareness comprisesan
understanding of the issues and the conditions
that must be met in the “mouth” of the funnel.
The TNS Framework includes four necessary
System Conditions for sustainability stemming
from the science-based systems model. These
four TNS System Conditions are illustrated in
Fig A3 and listed below:

In the sustainable society, nature is not subject to systematically increasing...
1. ...concentrations of substances extracted from the Earth’s crust

2. ...concentrations of substances produced by society

3. ...degradation by physical means

and, in that society. . .

4. ... human needs are met worldwide.

B. On the basis of these four necessary System Conditions of sustainability, oneisthenin the
position to undertake a Baseline Sustainability Assessment of a organizationor operation.

C. Having used the System Conditions to determine an organization’s present state, the system
conditions can also be a helpful tool in creating a clear vision for a sustainable enterprise.
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D. Backcasting is aprocess by which one determines the incremental steps to take in moving
toward this vision from where an organization is today. This approach differsradically from
the more common technique of forecasting, which is an extrapolation from today’ s
knowledge, situation, and trends to predict the future. Although yielding short-term gains,
forecasting overlooks the inevitable changes and discontinuities with current trends that will
arise through sustainability pressures. Incremental steps derived from backcasting
acknowledge current constraints to full sustainability (for example, limits to capital
investment or the readiness of the market). However, they also reflect the progressive steps
that can be made today, from which further future steps can be taken to lead along a clear
path towards the vision of full sustainability.

The steps for applying the TNS framework are

illustrated in the context of “the funnel” in Figure Fig A4: A,B,C,D and the“ Funndl”
A4. Together, they help define in unambiguous
terms what sustainability means, and provide a
readily-understandable framework to get to grips
with the practicalities of sustainable development.
This approach enables the integration of sustainable Visioning ‘ A. Awar eness (susiainability Conditions)
development into strategic planning,
communication of complex ideas, the sharing of
these concepts with partners and across socia
sectors, and making strategic judgements about the
steps needed to move towards a more sustainable
future.

ent (Where are we today?)
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