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1 Introduction to Green IT

Kerala, a state in the southwestern part of India, has a substantial fishing industry, directly em-
ploying more than a million people. Sardines are one of the main species that the commercial
fishers catch. Starting in the late 1990s, mobile phone service became available in Kerala. The
fishers gradually began using the phones to find customers in need of their catch and coordinate
sales. In previous years, 5 to 8 percent of the daily catch of sardines was wasted, with sellers some-
times unable to find buyers. With the introduction of mobile phones, this waste was eliminated
completely, as the fishers and the buyers dynamically streamlined their markets. The fishers’
profits increased, consumer prices declined, and fewer sardines went to waste unnecessarily (Jen-
sen, 2007).

Utility companies and research laboratories around the world are working to develop and in-
stall smart electricity and gas meters in millions of households and businesses. These meters are
designed to support real-time energy pricing and enable households and businesses to optimize
their usage. For example, various energy-intensive activities such as running a clothes dryer could
be scheduled at times when electricity demand is low. These meters will simultaneously save
money for consumers and allow the utility providers to deliver energy more efficiently.

On July 14, 2007, a group of fifty-seven naked bicyclists took to the streets of Seattle, Washington.
This event was one of many such rides in cities across the globe as part of the “World Naked Bike
Ride.” The organization’s Web page offers the following credo: “We face automobile traffic with
our naked bodies as the best way of defending our dignity and exposing the unique dangers faced
by cyclists and pedestrians as well as the negative consequences we all face due to dependence
on oil, and other forms of non-renewable energy” (WorldNakedBikeRide.com, 2007). Rather than
relying on paper brochures or other traditional media, the organization used the World Wide
Web, email, and other information technologies to support the planning, coordination, and de-
ployment of events around the world. In the online wiki, a comment for the Seattle event reads:
“Great weather, 3 arrested” (NakedWiki.org, 2008).

The above examples illustrate just a few of the many ways in which environmental
issues and information technology (IT) are beginning to interact." From Cisco’s use
of telepresence to reduce corporate travel (Hsieh, 2009) to the large-scale migration
of computing processes to places where energy is available (Hopper & Rice, 2008),
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instances of IT systems having an environmental impact are emerging across a wide
range of domains. This book seeks to provide a framework for thinking about IT sys-
tems that address environmental topics. By doing so, it aims to help people work more
effectively, both individually and together, to address the numerous environmental
concerns currently facing the planet.

The Field of Green IT

Over the last several years, the term “Green IT” has begun to be used to describe a field
at the juncture of two trends. The first trend involves the growing concern about en-
vironmental issues across many human communities. For example, a Newsweek poll in
August 2007 found that 61 percent of adults in the United States said they had person-
ally taken “steps to reduce [their] own energy consumption because of concerns related
to climate change and global warming” (Polling Report, 2008). A survey of 49,243 teens
from around the world revealed that 74 percent of them “believe that global warming
is a serious problem and are more concerned about it than any other issue including
drugs, violence or war” (Greenpeace, 2007). As further evidence, the film An Inconve-
nient Truth won the 2007 Academy Award for best documentary feature, and Al Gore
shared the 2007 Nobel Peace Prize with the UN Intergovernmental Panel on Climate
Change “for their efforts to build up and disseminate greater knowledge about man-
made climate change, and to lay the foundations for the measures that are needed
to counteract such change” (Nobel Foundation, 2008). These and many other recent
cultural phenomena reflect a growing awareness of the impact that humans and our
activities have on the world. The term “Green” has become connected with this sense
of awareness; the word choice is based on the primary color of plant leaves and reflects
a concern for the ecosystems in which humans exist.

The second trend involves IT—the use of digital tools and techniques for manipu-
lating information, and the social phenomena that surround these systems. (Actually,
two acronyms, IT and ICT, could apply here. As noted above, IT stands for information
technology and is broadly known across a range of public audiences. ICT stands for
information and communications technology; this more explicitly inclusive term is
used in certain fields of academia and a range of government/economic contexts. To
make the content of this book broadly accessible, the acronym IT is used throughout.)

IT is growing at a rapid rate; as an example, while mobile phones were relatively
rare a decade ago, now more than half the world’s people have them (Reuters, 2007).
There are many different forms of IT, in terms of both the information systems that
exist—such as software packages, databases, and networks—and the devices that peo-
ple and institutions use to access these systems—such as notebook computers, servers,
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mobile phones, and personal digital assistants. Humans inhabit the growing informa-
tion ecologies that result from this abundance of devices and systems (Nardi & O’Day,
1999). The rapid adoption of IT is transforming societies around the world, affecting
many different aspects of human life from communication between individuals to the
workings of international politics.

Green IT brings together these two areas, environmental issues and IT, and explores
the ways in which they connect to each other. In particular, it examines the oppor-
tunities for IT to address issues related to the global ecosystem. The rapid growth and
acceptance of IT worldwide suggests that this area may be a fruitful one in which to
seek possibilities for environmental change, building on other transformative societal
effects already underway. Andy Hopper (2008), professor of computer technology and
head of the computer laboratory at the University of Cambridge, states the case suc-
cinctly: “Computing is a crucial weapon in our armoury for ensuring the future of the
planet” (p. 1).

It is important to note that not all facets of IT are environmentally favorable.
Computation is beginning to occupy a nontrivial amount of the power consumption
around the world, and electronic waste (e-waste) is a fast-growing concern. In addition,
the culture of disposability implied by the rapid innovation and turnover rate in com-
putational technologies is deeply problematic. According to a report by the Gartner
research firm, the IT sector emits CO; at a rate approximately equivalent to that of the
airline industry (Mingay, 2007). This rate is growing rapidly, especially in the mobile
computing area. Nevertheless, according to Smart 2020, a report by the Climate Group
(2008) on behalf of the Global e-Sustainability Initiative, the potential positive envi-
ronmental benefits enabled by IT are five times as great as the environmental footprint
of IT itself. Given the inherent complexity of environmental issues and the inefficient
ways humans currently live, innovations in IT across many aspects of society can have
a strongly positive net environmental impact.

The environmental opportunities presented by IT systems are both external and
internal to the IT field itself. Externally, Green IT can have an effect on areas from eco-
nomics (von Weizsdcker, Lovins, & Lovins, 1998) to ecological monitoring (Szewczyk
et al., 2004) to the details of people’s everyday lifestyles (Mankoff, Matthews, Fussell,
& Johnson, 2007; Woodruff, Hasbrouck, & Augustin, 2008). Internally, Green IT can
help reduce the impact of e-waste (Grossman, 2006; Hightower, Smith, Sonnenfeld, &
Pellow, 2006), enable sustainable interaction design (Blevis, 2007), and decrease energy
consumption by computational systems (Markoff, 2006). While the term “Green IT” is
sometimes used to refer solely to the ways in which the IT industry itself can become
more sustainable, in this book Green IT involves any IT that helps to make any aspect
of society greener, including IT itself. The title of this book, Greening through IT, seeks
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to capture this focus on the use of IT across many different sectors, rather than concen-
trating just on its own impact.

The ultimate goal of this text is to help humans and the ecosystems in which we
live achieve a state of sustainability. Various definitions have been offered for the term
“sustainability”; for example, Ismail Serageldin (2006) offered a human-centric defini-
tion, stating that “sustainability is giving future generations as many opportunities as,
if not more than, we have had ourselves.” For the purposes of this book, sustainability
is a characteristic of a system—in this case, the global ecosystem—in which all defining
processes, such as the maintenance of biodiversity (including Homo sapiens) at a high
quality of life, are able to continue indefinitely. A sustainable system can be juxtaposed
with one in which limitations on the availability of resources, overproduction of waste,
or other factors will eventually cause the system to collapse.

Other useful terms have been put forward to describe related concepts. “Resilience”
has been defined as “the capacity of a system to absorb disturbance and reorganize
while undergoing change so as to still retain essentially the same function, structure,
identity, and feedbacks” (Walker, Holling, Carpenter, & Kinzig, 2004, p. 1). Aldo Leo-
pold (1966) offers a more general term, “right,” suggesting: “A thing is right when
it tends to preserve the integrity, stability, and beauty of the biotic community. It is
wrong when it tends otherwise” (p. 262). Because of its existing association with an ar-
ray of ongoing international efforts, the term “sustainability” will be used to represent
this suite of concepts throughout this text.

Abundant scientific evidence—for example, the findings in the IPCC’s (2007b) Cli-
mate Change 2007 report—suggests that humanity is not currently living in a sustain-
able way. Fortunately, people around the world are increasingly becoming aware of
environmental issues and taking action to address them. Despite this growing engage-
ment, we need to ramp up the intensity of these efforts in order to avoid profound and
potentially catastrophic global change. The coming chapters explore the critical role
that IT can play in this undertaking. For the past several millennia, technology has
multiplied the rate at which humans brought about the current environmental con-
cerns; by broadening humans’ horizons of time, space, and complexity, Green IT can
provide a multiplier effect on our ability to resolve those same environmental issues
in the future.

Environmental Issues Operate on Broad Scales of Time, Space, and Complexity

Humans and all other organisms require certain characteristics of our habitats to re-
main within certain parameters in order for us to survive. If our body temperature goes
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too far from 98.6°F, if we do not receive air, food, or water for a certain period of time,
or if many other conditions are not met, we cannot continue to exist. Throughout this
text, the term “environmental” will refer to the collection of topics that relate to the
nonhuman physical and biological context in which humans live, and on which we
rely for our continued existence.

The key problem in the way humans understand and act on environmental issues
is one of scale. Environmental issues tend to occur on broad scales of time, space, and
complexity compared to the typical scope of human concerns. These differences are
particularly apparent in domains such as population, resource use, waste production,
and species extinction. Regarding the first of these areas, the world population is ap-
proximately 6.7 billion people and has been increasing rapidly, doubling within the
last forty years. People inhabit over 190 countries, speak thousands of languages, and
live in cities with millions of inhabitants. Within this century, the world population is
likely to grow to over 9 billion (United Nations, 2004).

People are exhausting natural resources, many of which regenerate slowly through
nonhuman processes, on a global scale; nevertheless, we do not adequately address the
restoration of these resources. For example, humans consume oil and other petroleum
products at a rapid rate, but these resources only come into existence naturally via
geologically long periods of compression and heating. “Peak oil” is the term given to
the point at which worldwide petroleum production will reach its maximum level; this
point is seen as occurring within the next few decades, if it has not already happened
(U.S. Government Accountability Office, 2007). Peak oil indicates the dramatic imbal-
ance between the time scales of petroleum formation and exploitation.

As another example of humanity’s vigorous resource use, consider that half the
world’s forests, which once covered 48 percent of Earth’s surface, have disappeared
during human history (NRDC.org, 2004). The loss of these forests has a variety of ef-
fects, such as reducing the planet’s ability to convert CO; to breathable O, and elimi-
nating the habitats of many biological species. Beyond the impacts we can already see,
the long-term environmental effects of human civilization’s current actions will take
decades or centuries to emerge fully. Therefore, it is likely that increasing environmen-
tal degradation as a result of human resource consumption will be with us for a long
time.

In the process of using these resources, humans produce large amounts of waste as
well. For example, in 2005, the world produced over 28 billion metric tons of CO, from
the consumption of fossil fuels (U.S. Environmental Protection Agency, 2007); CO; is
one of the greenhouse gases (GHG) largely responsible for global climatic disruption.
(John Holdren [2008], Barack Obama’s science and technology adviser, prefers the term
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“global climatic disruption” to “global warming.”) According to the Intergovernmental
Panel on Climate Change (IPCC, 2007b), “Most of the observed increase in global aver-
age temperatures since the mid-20th century is very likely due to the observed increase
in anthropogenic greenhouse gas concentrations” (p. 10).

Global climatic disruption is the most famous problematic result of this waste pro-
duction, but there are many others. According to the U.S. Environmental Protection
Agency (2008a), the United States produces 230 billion kilograms of municipal solid
waste per year, or more than 2 kilograms per person per day. In 2006, people around
the world consumed 47 billion gallons of bottled water; the United States had the
highest per capita consumption of bottled water, at more than 29 gallons per person
that year (BottledWater.org, 2006). Only 31 percent of these bottles were recycled; the
others ended up in landfills or other locations (U.S. Environmental Protection Agency,
2007). Taken together, these unsustainable habits represent a major issue that needs
to be addressed. Nevertheless, the impacts of these choices are rarely immediately ap-
parent, but instead unfold over long periods of time, at great distances away, and in a
variety of indirect ways.

The drastic increase in worldwide species extinctions over the last several hundred
years also suggests that we are not on a sustainable trajectory. According to a report by
the Secretariat of the Convention on Biological Diversity (2006), a treaty signed by 150
world government leaders at the 1992 Rio Earth Summit, “Species are going extinct at
rates 1,000 times the background rates typical of Earth’s past.” This trend is sometimes
referred to as the “Sixth Extinction” (Leakey & Lewin, 1996)—the sixth major extinc-
tion event since the beginning of life on Earth, and the most severe since the extinction
of the dinosaurs sixty-five million years ago. The ecological factors that underlie each
species’ extinction are complex; taken together, the complexity involved in the extinc-
tion of thirty to fifty thousand species per year (Leakey & Lewin, 1996; Olson, 2005) is
difficult to grasp.

The extinction of species is significant not just for whatever inherent value one
might place on the species themselves. Additionally, the sustainable survival of hu-
mans is more likely if there are many different kinds of life in existence. Diversity offers
robustness in the face of perturbation. Diverse ecosystems are able to absorb and adapt
to change more easily than homogeneous ecosystems. There are numerous examples
of the fragility of monocultures (i.e., large tracts of the same crop), such as the po-
tato blight that caused the Great Irish Famine in the mid-nineteenth century, and the
spread of the boll weevil across cotton farms in the southeastern United States in the
early twentieth century. Humans are part of the ecological complexity of Earth. While
the world may be made temporarily more amenable to humans by the dedication of



Introduction to Green IT 7

large areas of land to corn, palms, and cows, our tendency to exploit a few species on
large scales leads to the extinction of many others, and thereby threatens the stability
of the global ecosystem as a whole.

The environmental issues currently facing the planet are substantial. Nevertheless,
people, governments, and other human institutions often choose to attend to other,
more immediate, local, or accessible concerns, rather than addressing any of the above
problems with vigor.

Humans Operate on Narrow Scales of Time, Space, and Complexity

In the above brief account of some of the world’s environmental issues, I used a com-
mon shorthand in discussions of scale: whenever I used an adjective like “large,”
“slow,” or “big,” I assumed that the reader would understand that I meant each of
these terms “from a human perspective.” The amount of CO, humans produce is not
large when compared to the mass of the Sun. The process of forest regeneration is not
slow when compared to continental drift. The extinction of a single species is not
complex compared to the evolution of all life. Nevertheless, to a person trying to make
sense of these issues, the scales involved are larger than those we typically confront.
Environmental issues tend to occur on much broader scales than humans are skilled at
comprehending.

Human anatomy, physiology, and behavior evolved to deal with a certain set of
problems that recurred frequently in our ancestors’ lives. They looked for food and wa-
ter; they avoided danger; they sought opportunities for reproduction; and they cared
for their children. All of these interactions usually happened on what I will refer to
as “human scales” of time, space, and complexity. Individual humans rarely worried
about gathering food a thousand years after their deaths. They did not concern them-
selves with a boulder bounding down a mountain in a different continent; they wor-
ried about the ones over their heads. And in helping their children learn and grow,
they taught them about the world they would encounter every day, so that they too
might live well.

As humans developed more and more complex societies, moving to unprecedent-
ed forms of communication, memory, and collective action, cultural factors began to
broaden their horizons. People developed rules and laws to enable them to plan further
into the future and live together at larger scales. They told stories about their past en-
counters so their social partners could learn from their experience without needing to
suffer any negative outcomes themselves. They developed governments and corpora-
tions so that they could together reap the benefits of broader-scale activity. Economic
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innovations such as discount rates enabled them to formalize the way value changes
over time. City walls and political borders helped humans understand the limits of
their physical domains. Organizational hierarchies and division of labor let people
manage the growing complexity of their lives.

Human scales of time, space, and complexity are broad, from some perspectives.
Our lives are long when compared to those of ants; our bodies are big when compared
to bacteria; and our ability to comprehend is vast when compared to that of a ma-
caque. Nevertheless, the topic of this book is environmental change, and the relative
narrowness of human comprehension and action when compared to the scale of the
world’s environmental concerns is a critical factor in our ability to respond effectively.
“Business as usual”—that is, continuing along current trajectories of population, re-
source consumption, waste production, and global impact—with our current horizons
of time, space, and complexity, is not sustainable.

Human institutions such as corporations and governments have many of the same
characteristics that people have, but on somewhat different scales of time, space, and
complexity. In fact, many are explicitly organized to help leverage the benefits of
broader scales of operation. For example, Ronald Coase (1937) won the 1991 Nobel
Prize for Economics based on his paper “The Nature of the Firm,” which shows how
reduced transaction costs enable firms to outperform individuals operating as indepen-
dent contractors in a free market; this reduction in complexity helps a firm succeed
in business more effectively than a collection of individuals. Similarly, governments
help smooth out problems that might be caused by individuals acting out of pure self-
interest without regulation. Governments thus allow people to operate with longer
time horizons and move across larger areas of space with an expectation of consistent
interactions with each other.

At the same time, corporations, governments, and other institutions still primar-
ily serve human-scale interests. Corporations are tasked with enhancing shareholder
value. The U.S. Constitution begins: “We the People of the United States, in Order to
form a more perfect Union, establish Justice, insure domestic Tranquility, provide for
the common defence, promote the general Welfare, and secure the Blessings of Liberty
to ourselves and our Posterity, do ordain and establish this Constitution for the United
States of America” (archives.gov, 2009). This document is ultimately a human-centered
text, and as such reflects human scales of time, space, and complexity. Human institu-
tions, seeking to leverage opportunities to act with broader horizons to serve human
needs, often lie somewhere between the scale of individual humans and that of envi-
ronmental concerns.
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IT Compresses Time, Space, and Complexity

Technology, our ability to work with tools and develop techniques for manipulating
our environment to better serve our liking, developed alongside human communities
and has a long history of extending our reach. We invented agricultural implements,
rapid transportation systems, and powerful weapons. Technology has provided a “force
multiplier” in many domains of human experience, letting us act with greater im-
pact for less effort. Through the technologies we have developed, humans have made
our own horizons broader, crossing oceans, forming multinational organizations, and
watching light arrive from long-dead stars.

IT in particular has proved to be effective at broadening our horizons, or seen anoth-
er way, compressing time, space, and complexity. IT compresses time in many ways—
for example, by storing abundant information for later retrieval, letting us model the
past and predict the future, and enabling the synchronization of many different hu-
man activities. IT compresses space by allowing us to communicate over great distanc-
es, browse maps of the entire world, and transport goods and people around the globe.
IT compresses complexity by augmenting our memories, allowing devices to perform
repetitive calculations, and establishing agreed-on standards for the cooperation of de-
vices and people. Across human history, IT systems have been critical in broadening
the scales on which humans operate. We need systems that broaden our understanding
and ability to take action across broad ranges of time, space, and complexity; framed
another way, we need compression algorithms that shrink global environmental prob-
lems to human-comprehensible scales.

In terms of human institutions rather than just individuals, IT helps bridge gaps in
scale as well. IT has been used to provide more comprehensible information to indi-
viduals about a variety of institution-scale phenomena, from stock prices to electricity
rates to election results. IT also allows institutions to act more effectively based on
expert opinions and analyses predicated on computational simulation, modeling, and
visualization. IT has the potential to extend both of these connections, bridging from
human scales to institutional ones, and institutional scales to environmental ones,
thereby indirectly enabling individuals to impact environmental concerns via the me-
diation of institutions.

Green IT Bridges from Human Scales to Environmental Scales

Technology and IT have not always worked to the benefit of environmental sustain-
ability. In fact, quite the contrary: technological innovations have allowed us to farm,
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burn, mine, fish, drive, reproduce, and buy to the detriment of many environmental
concerns. From these problems, though, arise numerous opportunities for people to
make the way we live more sustainable. Helping people and institutions discover, un-
derstand, and act on these and other environmental possibilities is the primary goal of
Green IT.

By helping spread information about environmental issues, and enabling humans
and our organizations to share best practices for addressing them, Green IT can hope-
fully assist in mitigating the global problems that appear to be looming in our future.
Many examples of explicitly environmental IT systems already exist—from smart en-
ergy grids to systems that optimize hybrid car engines (Kleimaier & Schroder, 2004)
to the Earthday Network’s Ecological Footprint Quiz (Earthday.net, 2008). In addition
there are many IT systems that have been developed for nonenvironmental reasons,
but that have implicit environmental impacts, such as GPS systems and online map-
ping software, which lead to more efficient travel and therefore reduced CO, emissions.
This book draws on existing examples of systems whenever possible, in order to ground
the discussion in real-world applications. Green IT also shows promise as an area in
which future developments will enable new ways of living and working together. In
this spirit, the book presents ideas for novel innovations in the field of Green IT.

The ways in which IT can benefit environmental issues take a variety of forms. One
axis along which these innovations may be arrayed is from “personal” to “institution-
al.” Personal IT systems enable individuals and small groups to broaden the horizons
of time, space, and complexity with which they think and act, thereby enabling them
to respond more effectively to a range of environmental concerns (see figure 1.1a). In-
stitutional IT systems have a similar effect, but broaden the horizons of understanding
and action for corporations, governments, nongovernmental organizations (NGOs),
universities, and other large-scale organizations (see figure 1.1b). These two forms of
Green IT are mutually reinforcing.

Personal
Green IT can help individuals participate in many different ways to address the world’s
current environmental concerns. For instance, it can provide information that encour-
ages people to exert more effort in this direction. This form of participation can be
simple—for example, reading a post on an environmental Web site about walking up
the stairs instead of taking the elevator—or more dramatic—such as selling one’s car,
and then using a bicycle or a car-sharing system such as Zipcar instead.

IT can also improve the efficiency with which we enact our daily lives. Using a Gar-
min Nuvi GPS navigation device to take a more optimal route among several chores
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in an afternoon or hosting a business meeting via teleconference rather than flying
people in from other countries are examples of more efficient practices that are more
environmentally conscious as well. While there may be accompanying problems with
these and other innovations, such as the loss of serendipity in driving and reduced ben-
efits of face-to-face interaction, we are reaching a point where environmental concerns
should weigh heavily in the choices we make.

Furthermore, Green IT can provide opportunities to address environmental issues
through improved collaboration. For example, CouchSurfing.com allows people to
plan trips where they stay in someone’s house rather than a hotel. In addition to reduc-
ing the environmental impact for the trip, it also helps enable a social reward through
the connections and possible friendships established among like-minded individuals.
This and many other online systems help groups of people organize themselves and
find strength in numbers for environmental goals. Earlier in this chapter, I mentioned
a poll suggesting that 61 percent of U.S. adults have taken steps to reduce their energy
consumption due to global warming. Put another way, 39 percent of U.S. adults have
not taken any steps at all to reduce their energy consumption. If sustainability is the
goal, there is still a long way to go. Understanding the mechanisms by which Green
IT can lower the bar for participation and increase the rewards that come from greater
effort could be an important contribution to a sustainable future.

Institutional

Beyond the actions of individuals, there are abundant ways that Green IT can con-
tribute through corporate, governmental, and other institutional efforts. Green IT in-
novations can extend the scale with which human institutions support the movement
toward global sustainability.

One of the primary institutional contributions of Green IT is through improved
infrastructures. Smart energy grids enable more efficient power utilization. Improved
transportation systems reduce fuel use while optimizing the movement of people, ob-
jects, and materials around the world. More effective waste management systems can
facilitate more comprehensive recycling and salvaging of useful materials after their
initial usage is complete.

Green IT can also improve large-scale planning and policy decisions. IT is helping
scientists and other experts develop an understanding of many real-world phenom-
ena—a critical factor in making informed, far-reaching decisions. Visualization and
modeling techniques can help policymakers understand scientific factors and likely
outcomes more fully, thereby allowing for more informed decisions. E-government
systems can involve the populace more effectively in policymaking, providing citizens
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with information about why decisions are made, and encouraging them to participate
in community- or worldwide efforts.

Institutional action through Green IT also has the potential to enable individuals
to live more sustainably on a large scale. It is often difficult to make environmentally
sensitive choices when those choices are discouraged by law or lack of infrastructure.
Understanding the ways in which human institutions can provide individuals with
environmental options is crucial to the goal of achieving global sustainability.

It is important to note that there is fluidity between personal and institutional Green
IT innovations. For example, the smart energy meters mentioned at the beginning of
this chapter allow individuals to monitor their consumption habits and institutions to
analyze usage across millions of households, both of which help humanity live more
sustainably. While there is not a clear distinction, personal and institutional forms
of Green IT address different scales of time, space, and complexity. These efforts are
complementary; if some of the personal Green IT innovations allow people to take en-
vironmental actions in domains previously under the aegis of institutions, it now frees
up those institutions, which operate under constraints of available time and energy, to
focus on broader environmental issues.

An Extended Human-Centered Approach

This book is grounded in the field of human-centered computing (HCC), and takes a
human-centered approach to the Green IT field. HCC focuses on humans as the most
important element in the development of computing systems. Moving beyond nar-
rowly scoped HCC, however, Greening through IT presents an extended view of human-
centeredness, looking at how computing can situate human civilizations at the locus
of responsibility for environmental issues, and enable individuals and groups to act to
resolve these issues. This human-centered approach is distinct from anthropocentrism
and is not meant to downplay the significance of the survival of other species; rather,
it sees humans as the species with the greatest potential to orchestrate a coherent re-
sponse to the world’s current environmental problems, and therefore the most expedi-
ent path to addressing those issues.

HCC arose from a response by computing professionals and researchers to an earlier
state of computing. During its first few decades, computing resources were scarce, and
hence humans were expected to take a great deal of effort to organize and customize
content intended for computers prior to its being input into the machine. From large
stacks of punch cards to complex command-line systems, interfaces to computers were
complex and unintuitive. In the last several decades, though, as computing power has
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become more abundant and less limiting, there has been a move toward increased
human usability in computing. Humans began to have more active roles in human-
computer systems (Bannon, 1992), and to be included in the process of designing in-
terfaces. As computers have reached a mass market, designing interfaces for ease of use
rather than just computational efficiency has become increasingly important to the
computing industry.

HCC continues to be a growing field, with programs at the U.S. National Science
Foundation (NSF), the U.S. National Aeronautics and Space Administration, and several
major research universities. NSF offers the following definition of the area:

[HCC] research encompasses a rich panoply of diverse themes in Computer Science and IT, all of
which are united by the common thread that human beings, whether as individuals, teams, orga-
nizations or societies, assume participatory and integral roles throughout all stages of IT develop-
ment and use. People design new technologies; people, in teams and organizations, at school and
at home, use them; people anticipate and enjoy their benefits; and they learn about the outcomes
of use (whether anticipated or not) and translate that knowledge into the next generation of
systems. At the same time, new information technologies and human societies co-evolve, trans-
forming each other in the process. As a consequence, the design of IT must be sensitive to human
values and preferences. (U.S. National Science Foundation, 2006b)

A human-centered approach leads to several benefits. It produces computing sys-
tems that allow people to work more effectively and play more enjoyably. It develops
interfaces that mesh smoothly with people’s abilities and desires. It allows for commu-
nication and collaboration on previously unheard-of levels. Through these and other
advantages, a human-centered approach contributes to greater human happiness.

Extending the focus of HCC to consider factors on a broader set of horizons than
the usual scope of individual humans provides the central structure around which this
book is organized. This “extended human-centered computing” (EHCC) perspective
provides a way of understanding the potential for Green IT. This view discards the no-
tion that the immediate gratification of human desires is an unconquerable problem
for the world’s ecosystems.

A broader set of horizons for HCC is necessary if the world’s environmental con-
cerns are to be addressed effectively. There is already some awareness in the research
community of this need. For example, NSF includes “broader impacts” as one of its
key evaluation criteria for grant making. Yang Li and James Landay (2008) offer that
their theoretical framework “uses a larger unit (long-term, high-level activities such as
staying fit) for analysis and design than simple tasks (such as using a treadmill), which
have been the focus of traditional approaches.” Similarly, as mentioned previously, Eli
Blevis’s (2007) focus on sustainable interaction design seeks to give computing systems
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greater longevity in a variety of ways. The “value-sensitive design” approach put for-
ward by Batya Friedman and her colleagues posits a need to “broaden the goals and
criteria for judging the quality of information systems to include those that advance
human values” (Friedman & Freier, 2005, p. 371). Value scenarios (Nathan, Klasnja, &
Friedman, 2007) can help support long-term thinking about important design prob-
lems. Many other research projects focusing on broad-horizon environmental issues
will be discussed throughout this text. Focusing on the impact of IT systems a century
or millennium from now, or on a worldwide scale, may seem impractical, given peo-
ple’s predilections for thinking of our own immediate, local issues first. Certain ways
of thinking about computing, however, may help shift the focus in order to serve the
same goals as a human-centered perspective with a broad horizon in time, space, or
complexity.

The human-centered approach taken here also embraces human institutions such
as corporations, universities, governments, and other organizations. These institu-
tions were formed by humans and are staffed by humans; as such, they often reflect
a human-centered approach. They tend to have broader horizons than individuals;
however, they tend to focus on problems facing groups of people. In order for most
institutions to deal effectively with environmental concerns, they too need to broaden
their horizons still further in time, space, and complexity. While my research over the
past several years has tended to focus on personal Green IT, and therefore many of the
examples throughout this book are from that domain, the core principle of this text—
that IT can help make connections between human-scale action and broader environ-
mental concerns—applies to human institutions as well as individuals.

Broadening Time

While NSF’s vision for HCC does include some attention to human values such as
environmental sustainability and social justice, and thus has some connection to
broad-scale undertakings, there is a pervasive rhetoric associated with HCC that leads
to short-term satisfaction of human users’ needs and desires. I use “short-term” here in
the economic sense, as in short-term capital gains, rather than in the cognitive science
sense, as in short-term memory. Unless otherwise specified, I will use “short-term” to
mean hours, days, weeks, or months, and “long-term” to mean years, decades, centu-
ries, and millennia.

Relatively short-term human satisfaction has been a primary focus for much HCC-
related scholarship. For example, citing Mark Weiser’s seminal article, “The Computer
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for the 21st Century,” Li and Landay (2008) summarize a prevailing view within the
research community as follows: “Ubiquitous computing (ubicomp) promises to sup-
port our everyday activities by weaving computing power into the fabric of everyday
life.” (p. 1303). Even the term “human-centered computing” (rather than “humanity-

7

centered computing,” “world-centered computing,” or many other possible choices)
suggests a focus on the interests of an individual person.

A concentration on narrowly scoped human centeredness makes sense when the de-
velopment of computing is seen in the context of human cognitive evolution. Humans
are exceedingly skilled at thinking about scales of time that reflect our own needs for
survival and reproduction. On the evolutionary landscape in which we evolved, our
ancestors could neither gather information effectively on global or millennial scales,
nor act effectively on them. Except for our ability to use technology, which is good for
all sorts of things, human brains are not particularly well suited for comprehending or
acting on broad-scale phenomena. Technology, though, has an established tradition of
helping us deal with scales of time beyond those in our comfort zone. IT in particular,
with its ability to collect, analyze, and store vast bodies of data with a high degree of
precision, support communication and collaboration across time and space, and in-
teract with people and control devices, is appropriate for supporting human efforts to
understand broad issues and coordinate effective responses.

A focus on short-term human usability and support in computing also makes sense
given the computing field’s history of interfaces that required humans to alter their
behavior profoundly to accommodate machines’ needs. Moreover, there is nothing
inherently wrong with attending to the short-term needs and desires of users. In fact, if
their short-term needs and desires are not attended to, users will frequently abandon a
system. However, a key issue here is that it is insufficient to concentrate only on short-
term issues. Computing researchers and professionals need to look at long-term issues
as well.

Making it more socially acceptable to think about issues on a longer time scale could
help. People are capable of delayed gratification—that is, making decisions that are
costly in the short term but beneficial in the long term. Savings accounts, dieting, and
university educations could all be seen as examples of this phenomenon. Because of
differences in how people perceive the value of present benefits versus the value of
benefits in the future, individuals may disagree on the most effective use of current
effort and resources. The ability to postpone the satisfaction of current desires in order
to protect against global climate disruption and other environmental concerns is none-
theless a crucial element of the process of fostering Green IT.



Introduction to Green IT 17

Broadening Space

In addition to helping us think with a thousand-year time window or longer, Green
IT can also help enable scaling of our impact across the spatial dimension. In order to
address the world’s environmental problems, we will need to work together across the
globe to find suitable resolutions. Invariably, different individuals and organizations
will bring different experiences, opportunities, and expectations to the discussion. En-
abling disparate groups to work together is one of the most important goals that can
facilitate sustainability on a large scale.

A global perspective is critical to addressing sustainability effectively. A distinction
often made in discussions of international themes involves the separation between the
“developed world” and the “developing world.” This second term implies a movement
toward a higher quality of life and likely greater environmental impact. Perhaps a sepa-
ration into “more resource-intensive nations” and “less resource-intensive nations,”
which would create a distinction along somewhat different lines, would be more useful
to the current discussion.

It is crucial that people in nations that are currently less resource intensive become
engaged with the process of achieving environmental sustainability. For example, over
the last twenty-five years, China has accounted for 80 percent of the increase in indus-
trial energy demand (International Energy Agency, 2007); enabling the Chinese and
other nations to continue to improve their standard of living without repeating the
environmental mistakes of previously industrialized countries is an essential piece of
a global sustainability effort. This stance is not intended to align with the hypocritical
perspective that suggests that it was acceptable in the past for industrialized nations
to pollute on their way to a high quality of life, but that it is not acceptable now for
countries aspiring to that same quality of life. Rather, the goal is to help find ways that
less resource-intensive nations can achieve a high quality of life for their citizens that
is less costly and more sustainable because it takes advantage of recent discoveries and
innovations.

One of the advantages that most of the less resource-intensive nations have with
regard to sustainability is a lack of entrenched infrastructure that perpetuates environ-
mentally harmful behavior. People in many of these countries are receiving their first
introduction to computers through mobile phones rather than desktop computers. If
there were to be sustainable systems that could be viable on a large scale, it may be that
nations in the process of establishing a modern infrastructure could lead nations with
entrenched legacy systems. This phenomenon, known as leapfrogging, can potentially
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be a catalyst for transformations in the way that the world’s civilizations approach
environmental concerns.

An ongoing question in the internationalization of the world is to what extent ho-
mogenization is a good thing. Certainly, a great deal of standardization has occurred as
the world’s civilizations have come into closer contact with each other. From passport
systems to TCP/IP networking protocols, nations have come to agree on certain ways
of facilitating communication and commerce. Digital tools have played a key role in
the development of global communication protocols. One might postulate that the
homogenization of the world’s civilizations might simplify some of the processes of
environmental sustainability.

As will be discussed in chapter 2, however, monoculture leaves a farm open to cata-
strophic failure, while diversity breeds robustness. Although it may be marginally more
efficient to have all civilizations work the same way, embracing the differences among
cultures will help to develop a global system that is sustainable and robust, and perhaps
better able to survive changing circumstances.

The global human rights movement provides a good case study of an effort to en-
able global cooperation without trying to force unnecessary standardization. The Unit-
ed Nations has long upheld the Universal Declaration of Human Rights (UN General
Assembly, 1948), listing rights to freedom, education, and other topics seen as univer-
sally due to all humans. This declaration provides a framework for understanding how
governments ought to act toward their citizens.

Environmental issues and human rights are closely connected. It is hard to con-
vince people to care about a rain forest fifty years in the future when their children are
hungry right now. There is also an inverse correlation between the education level of
women and their fertility rate (Akmam, 2002); in this light, the work being done to in-
crease levels of education, in particular among women, may be among the efforts with
the longest reach in terms of both environmental and humanitarian effects by slowing
the growth of the world’s human population. These efforts could work in concert with
projects to reduce our per capita footprint to reduce humanity’s overall environmental
footprint.

In addition to the conceptual relationship between human rights and environmen-
tal issues, there is also a similarity in terms of the practical action that is taken, and the
way IT factors into that process. For example, in the wake of the 2004 Asian tsunami,
over US$7 billion in aid came in from around the world (bbc.co.uk, 2005), with the
World Food Programme providing food to 1.2 million people (wfp.org, 2008). Coordi-
nating a response on this scale required the use of many different forms of IT working
in concert. Furthermore, since that time, significant effort has gone into the develop-
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ment of early warning systems and other technologies that might mitigate humanitar-
ian crises and coordinate responses to them. Drawing on this and other examples of
the rapid mobilization of global resources in a period of just a few months provides
an example of how humanity might someday respond to a worsening of the world’s
environmental issues.

Several major international documents explicitly connect environmental issues to
human rights, offering a human-centered view on the topic of environmental sustain-
ability. For instance, the UN Millennium Declaration includes the following section,
under the heading “Protecting Our Common Environment”:

21. We must spare no effort to free all of humanity, and above all our children and grandchil-
dren, from the threat of living on a planet irredeemably spoilt by human activities, and whose
resources would no longer be sufficient for their needs.

22. We reaffirm our support for the principles of sustainable development, including those set
out in Agenda 21, agreed upon at the United Nations Conference on Environment and Develop-
ment.

23. We resolve therefore to adopt in all our environmental actions a new ethic of conservation
and stewardship an s first steps, we resolve:

» To make every effort to ensure the entry into force of the Kyoto Protocol, preferably by the
tenth anniversary of the United Nations Conference on Environment and Development in
2002, and to embark on the required reduction in emissions of greenhouse gases.

 To intensify our collective efforts for the management, conservation and sustainable develop-
ment of all types of forests.

» To press for the full implementation of the Convention on Biological Diversity and the
Convention to Combat Desertification in those Countries Experiencing Serious Drought and/or
Desertification, particularly in Africa.

» To stop the unsustainable exploitation of water resources by developing water management
strategies at the regional, national and local levels, which promote both equitable access and
adequate supplies.

« To intensify cooperation to reduce the number and effects of natural and manmade disasters.

» To ensure free access to information on the human genome sequence. (UN General Assembly,
2000)

The Millennium Ecosystem Assessment conducted by the UN Environment Programme
(2005) sought to “assess the consequences of ecosystem change for human well-being
and the scientific basis for action needed to enhance the conservation and sustainable
use of those systems and their contribution to human well-being.” This assessment
involved a number of reports aimed at documenting the current state and trends in the
world’s ecosystems, then analyzing these data, and offering recommendations about
ways for the United Nations and other organizations to take action. One of the “Key
Messages” in the summary report stated that “even today’s technology and knowledge
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can reduce considerably the human impact on ecosystems. They are unlikely to be
deployed fully, however, until ecosystem services cease to be perceived as free and lim-
itless, and their full value is taken into account” (Millennium Ecosystem Assessment
Board, 2005).

Achieving global sustainability will require the collective expertise and participation
of people around the world. With a set of common principles underlying the global
sustainability effort and IT-enabled coordination across cultures, it may be possible to
maintain the cultural diversity that abounds throughout the world while still collabo-
rating on common environmental goals. The ideas presented here may be helpful in
establishing the role of IT in facilitating cooperation among different individuals, and
by extension among different cultures, around environmental themes.

While environmental issues are affecting all civilizations, many of the examples
used in this book relate to people and institutions in the industrialized nations, includ-
ing those in North America, Western Europe, Japan, and Australia. There are a number
of reasons for this focus. First, residents of industrialized nations use a great deal more
natural resources per capita and produce more waste per capita than residents of non-
industrialized nations (Diamond, 2008). The industrialized nations, and in particular
the United States, have the worst environmental track records of any countries. Second,
since many people in the nonindustrialized world are striving to achieve a standard of
living like that found in the industrialized one, this focus on current industrialized na-
tions may also provide a test bed for sustainability work that may later be applied more
effectively and with greater participation in nonindustrialized nations. By exploring
sustainability via the industrialized nations first, this book not only pursues the most
striking cases of resource use but may also offer models for sustainable lifestyles that
can be deployed elsewhere around the world.

Broadening Complexity

The third main area in which Green IT can broaden horizons is with regard to complex-
ity. There are many different forms of complexity, and Green IT can help with many
of them. The two that are most related to the coordinated response of humans to envi-
ronmental concerns are social and disciplinary complexity.

Social Complexity

In a number of different ways, Green IT can help us work at greater degrees of social
complexity. Scaling up social complexity can enable people to take action not just
as individuals but also via larger groups and social structures. This scaling can cover
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anything from small groups of friends to local communities to complex international
social networks. One of the great values of computational systems is their ability to
scale; online social networks provide for a much greater degree of fluidity and speed in
forming like-minded groups.

Among the challenges in managing the social complexity of environmental con-
cerns is the need to pass down innovations from generation to generation. Herein lies
the value of attitudes toward sustainability and environmental education; while infra-
structural advances can help us live lives with a lower impact, it is critical that future
generations embrace sustainability as a lifestyle in order for humanity to survive in
the long term. Sustainability is more process than product; it is not simply a matter of
fixing the problem and then returning to business as usual. We need a dramatic shift
in our approach to living in the world. This shift will produce a great deal of complex
changes in human social and cultural systems. It may occur through attitude change,
but some aspects are deeply entrenched in human cultures, so adoption may only fully
occur in younger generations.

Social complexity also involves the organizations that people have created to fa-
cilitate living and working together. Corporations and governments act as proxies for
people; just as individuals need to lengthen our time horizons, our conglomerates need
to do so as well.

It is interesting to note that participatory culture enabled by the Internet is begin-
ning to blur the boundary between individuals and institutions. It may be that a strong
presentation of this dichotomy is becoming less necessary as traditional barriers to
group action are lowered. IT support for collective action can be a powerful force for
helping people enact change by decreasing the complexity of working together at a
global scale.

All cultures contend with the need to consider longer-term issues. The Haudeno-
saunee (Iroquois) people’s seventh-generation philosophy states that decisions should
be made with an awareness of their impact on people seven generations from now
(SixNations.org, 2007). This philosophy was adopted by the leading brand of green
cleaning products, Seventh Generation, Inc. The ability to plan ahead, conceiving of
likely futures as well as potential alternates, is perhaps the key attribute that differenti-
ates humans from other animals. Embracing this ability, and allowing people and our
technologies to help plan for long-term sustainability, is the core focus of Green IT.

Disciplinary Complexity
In addition to cooperation around the globe, Green IT involves collaboration across
numerous intellectual disciplines. Green IT is a relatively young field that draws on
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many existing ideas and theoretical frameworks. It harvests technological innovations
from computer science, information science, human-computer interaction, interactive
media, and electrical engineering. It incorporates broad motivations and goals from
ecology, economics, and environmental studies. Various Green IT projects have also
utilized ideas from anthropology, psychology, sociology, education, art, music, theater,
science and technology studies, and numerous other fields.

It is important to distinguish the topic of Green IT from one of its nearest concep-
tual neighbors: environmental technology. Environmental technology explores ways
in which the environmental sciences can be applied to conserve natural resources and
mitigate human impacts on the world. Green IT focuses on how IT can serve these and
related goals. Of particular interest in the field of Green IT are the personal and social
elements—the ways in which people can be enabled to enact lifestyle changes to live
in more environmentally sound ways. In addition, as will be discussed later, certain as-
pects of the theoretical underpinnings of IT lend themselves to environmentally prefer-
able lifestyles and thus make it an ideal platform for sustainable change.

Value of This Approach

The EHCC approach described earlier—focused on broadening people’s horizons in
time, space, and complexity—has several key values. These benefits primarily relate
to the development of technologies and the sociotechnical systems in which they are
embedded, but ultimately must lead to an improvement in the world’s environmental
condition in order to have true value.

First, EHCC can provide a structure for analyzing potential responses to particular
environmental problems. Designers can engage in thought experiments regarding the
ways people have contributed to certain issues, and how we might be enabled through
technology to mitigate or reverse our effects. Potential questions include: What is the
time/space/complexity scale of the environmental problem? What is the scale of usual
human responses to this problem? How can IT narrow the gap between these two
scales?

Second, with particular existing technological innovations, the EHCC approach can
provide guidance in evaluating and refining the system to allow it to have greater
Green impact. By analyzing the ways in which systems alter people’s horizons, this ap-
proach may help discover direct or indirect environmental impacts of IT systems that
were not originally designed to be Green. With systems that are intentionally designed
to be Green, an analysis of how they affect people’s scales of time, space, and complex-
ity may help to assess each system’s success and overall impact.
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Finally, EHCC can be used to compare different technologies and help provide an
organizing structure. By arranging systems in a taxonomy based on whether they ex-
tend people’s horizons of time, space, and/or complexity, and the degree to which they
do so, it may be possible to find gaps in the taxonomy that point to fertile space for
Green innovation.

Structure

Through both theoretical discussions and an examination of specific cases, this book
seeks to provide a way of thinking about Green IT. Chapter 2 offers an overview of the
broad environmental concerns currently facing the planet. This chapter presents in
detail humanity’s resource use, waste production, and other effects on the world, and
frames the opportunities for IT to make a contribution. Chapter 3 discusses the char-
acteristics of the human audiences for Green IT, looking in particular at how humans
and our societies frequently think and act in narrow ways. Chapter 4 focuses on tech-
nology in general, IT specifically, and the sociotechnical systems that arise from them,
and considers how they can broaden our horizons of time, space, and complexity.
Chapter 5 provides a survey of a broad range of Green IT innovations to offer a sense
of the diverse ways IT is impacting environmental issues. Chapters 6-8 discusses three
specific areas of Green IT in more detail—environmental education, tools for personal
change, and systems that support community action—each of which supplies a unique
perspective from which to understand Green IT as a field. In each of these chapters, the
analyses are framed around the details of specific projects undertaken by my research
group. Taken together, considerations of these three projects help to fill in the contours
of the EHCC approach to Green IT. To conclude, chapter 9 explains the way in which
Green IT can help us transition from the unsustainable present to a more sustainable
future. All of these chapters present an array of existing examples of Green IT projects,
in order to provide a sense of the breadth of topics involved in this field.

Methodology

Chapters 6-8 of the book include in-depth descriptions of three social Green IT proj-
ects—titled EcoRaft, Trackulous, and GreenScanner—that were created by my research
group. EcoRaft is an interactive museum exhibit designed to help children learn princi-
ples of restoration ecology. Trackulous is a suite of Web-based tools that assist people in
tracking, analyzing, and sharing information about their own environmental impact
and other personal data. GreenScanner is a system designed for desktops and mobile
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devices to help people engage in environmentally preferable purchasing by accessing
community-generated environmental impact reviews about consumer products. These
projects were created using an iterative design methodology, discussed below, and con-
tributed to the development of the EHCC perspective described previously.

Many varying definitions of design have been suggested by researchers and prac-
titioners over the last several decades. In this text, I will use Herbert Simon’s (1996)
definition that design is the process of “devis[ing] courses of action aimed at changing
existing situations into preferred ones” (p. 111). The use of a design methodology helps
ground the book in the practical challenges and opportunities presented by real-world
IT systems. The theoretical concepts presented here are derived from ongoing efforts to
create working systems.

Iterative design, in particular, offers a way of understanding the context of the use
and potential benefits of a system more fully. It utilizes a cyclic process of prototyp-
ing and evaluation, with each new prototype being informed by the evaluation of the
previous version. The process of coming to understand the possibilities and constraints
of the system helps flesh out the set of issues that are most important. In many areas
of design, including the design of IT systems, iteration is necessary to produce a high-
quality end result. As Web usability consultant Jakob Nielsen (1993) suggests, “Because
even the best usability experts cannot design perfect user interfaces in a single attempt,
interface designers should build a usability-engineering life cycle around the concept
of iteration” (p.32).

In each of these three projects, an interdisciplinary team of designers, engineers,
artists, and content domain experts worked together to develop each successive proto-
type. By bringing together experts from a range of backgrounds, the developers sought
to avoid the various problems often encountered by homogeneous teams. For example,
in the EcoRaft project (chapter 6), having several ecologists on the team helped ensure
that virtual creatures inhabiting the interactive simulation of a Costa Rican rain forest
exhibited plausible behavioral patterns and interactions. Had this team been composed
only of engineers and artists, the virtual ecosystems would have lacked the veracity
that the ecologists could help provide.

For the evaluation of each successive prototype, the research teams used mixed
methods to assess the viability and impact of the system on its intended audience. The
teams employed both qualitative and quantitative methods at each stage, tailoring the
evaluation methodology to the particular needs of each project. With the education-
focused EcoRaft project, qualitative methods including semistructured interviews and
passive observation were used to assess the user experience and learning objectives.
With the Trackulous project, designed to enable people to track their personal habits
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and behavior, quantitative methods such as an analysis of usage patterns from server
logs provided the primary source of information, augmented by a design critique by
a skilled user-experience expert. With GreenScanner, the community-based environ-
mental impact review project, server logs as well as online surveys were used to assess
the usage and impact of the system.

The audiences that interacted with the various prototypes of each project were se-
lected to represent the target population for the final system. With EcoRaft, the creators
exhibited the installation at a regional science museum, and brought in groups of chil-
dren from the local area to test it at several points. Trackulous was distributed via the
Facebook social network and other online mechanisms. With GreenScanner, a press
release was sent to a variety of environmental and nonenvironmental news sources as
a way of gathering a broad user group through which to evaluate the project.

The iterative design methodology described above facilitated the development of
each of these projects, helping the group’s research address a range of sustainability
issues. In later chapters, these projects are described in greater detail and are each con-
nected to the EHCC perspective. Each project is explicitly analyzed to examine how
it contributes to the lengthening of people’s time horizon for thinking about envi-
ronmental issues and the ways in which it situates people at the center of this suite of
concerns. This methodology provides an adaptable lens through which to examine the
breadth of topics that collectively make up the field of Green IT.

Scope of This Work

The challenge of moving humanity toward sustainability is vastly complex; no one text
will be able to cover all aspects of this effort. Therefore, this book seeks to address one
small part of the broad set of topics that must be integrated to enable sustainable civi-
lizations. IT is a powerful piece of the sustainability puzzle because it offers a multiplier
effect on many sociotechnical systems operating around the world. There are many
other factors, however, that must contribute to this goal as well.

There are some deep questions related to cause and effect that underlie the issue of
global sustainability. For example, Gus Speth (2008), dean of the School of Forestry &
Environmental Studies at Yale University and a global leader in preventing environ-
mental degradation, argues that capitalism, with its emphasis on growth and short-
term perspectives, lies at the heart of the world’s unsustainability. Rob Watson (2009),
who founded the LEED green building rating system, echoes this premise: “The times-
cales on which markets and nature work are several orders of magnitude off, and most
markets and economists continue to labor under the delusion that capital is infinitely
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substitutable for everything else, including ‘ecosystem services.”” Other scholars—for
example, Russell Hopfenberg (2003), have maintained that the agricultural revolution
may underlie the problem. Researchers from vastly different disciplines, from biochem-
istry (Elliott & O’Connor, 2007) to public policy (Mazmanian, 2009), all have critical
contributions to make in the effort to help humanity live more sustainably.

It is important to explore all of these topics in order to know how best to proceed
toward sustainability on a global level; nevertheless, in-depth examinations are beyond
the scope of this document. Regardless of the outcome of these and other key debates,
it is likely that IT will play a significant role in the solution. IT is not tied to specific
food-gathering processes or sociopolitical structures; the concepts presented here can
make a contribution in any of the global scenarios that unfold.

Central Argument

Green IT is a growing field that seeks to understand the ways in which IT and environ-

mental issues interact. It takes an interdisciplinary approach, drawing on disciplines

from computer science to ecology to economics. There are many projects already in

existence in this area, and many more are likely to be developed in the coming years.

This book seeks to provide a structure for understanding this field, focusing on the in-

teractions that Green IT systems encourage between humans and the world around us.
The core argument is this:

+ Humans are facing significant environmental issues that occur over long time
scales, large distances, and great degrees of complexity.

+ Unassisted, humans are not well equipped to deal with problems on these scales of
time, space, and complexity.

+ Throughout history, technological innovations have enabled human cultures to
deal with broader suites of problems than we would otherwise be able to address.

« IT specifically involves tools and techniques for dealing with vast bodies of infor-
mation across wide ranges of time, space, and complexity, and is thus well suited for
addressing environmental concerns.

By enabling innovations in infrastructure, education, personal change, community in-
volvement, and many other domains, Green IT can help people live more sustainable
lives. This shift need not be instantaneous; rather, we can seek to transition smoothly
from current ways of living to more sustainable ones. Green IT systems can assist with
all stages of this transition. Once humanity is living sustainably, perhaps we can begin
to repair some of the global problems we have caused, restoring endangered ecosystems
and threatened species.
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The goal of Green IT is to help people make a difference, and change our world to be
more in accord with the way we would like it to be. The naked cyclists in Seattle have
one unique way of making a difference. In addition to high-profile demonstrations,
though, there are thousands of ways, large and small, that people and institutions can
participate in a movement toward environmental sustainability. By helping people and
organizations discover approaches to changing our world and working together to ac-
complish sustainable goals, Green IT is enabling a certain part of human consciousness
that looks out for others, looks out for animals and plants, and in the long run looks
out for our children and ourselves. This text seeks to help us understand the ways in
which Green IT has had an impact already, and the ways in which it could have an
even greater impact in the future. By contributing to an understanding of the social
and technological mechanisms by which Green IT contributes to sustainable living,
Greening through IT may itself make a greater contribution than the environmental cost
of the paper on which it is printed. I hope it will.






2 Environmental Horizons

Unmitigated climate change would, in the long term, be likely to exceed the capacity of natural,
managed and human systems to adapt.

—IPCC, 2007a, p. 73

Over the past several years, the popular press has focused a great deal of attention on
the problem of global climatic disruption. Climate change has become emblematic of
the worldwide environmental movement. Numerous other issues are also significant
on a global scale, such as the greatly increased rate of species extinction and the pollu-
tion of the oceans. These problems share two important characteristics. First, they have
been caused predominantly by humans. Second, each of them may profoundly trans-
form the planet, possibly causing a great deal of death and destruction in the process.

This book deals with the overarching theme that humans are transforming Earth,
thereby potentially rendering it unfit for the continued existence of humans and many
other species. This transformation is not especially noticeable on the time scale of a hu-
man day; however, it is strikingly obvious when viewed from a time scale of decades,
centuries, or longer. These broad-scale phenomena point clearly to a set of looming
issues that are likely to alter life on Earth profoundly.

To understand how Green IT impacts the world’s environmental issues, we must
have a sense of where things stand, environmentally. Many other sources of environ-
mental information provide a more comprehensive treatment of this information, es-
pecially IPCC (2007a). This chapter briefly covers a variety of environmental concerns
that are relevant in the remainder of the book, including population growth, resource
consumption, waste production, species extinction, and global climatic disruption.

Population Growth

Perhaps the most critical concern currently facing the effort to limit humanity’s impact
on the nonhuman organisms and abiotic aspects of Earth is the rapid rate of human
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population growth. Interestingly, population size is not always seen as an environ-
mental issue, perhaps because many ideas for reducing human population run afoul of
various ideologies more readily than other environmental topics. Nevertheless, popula-
tion size has a profound effect on most or all anthropogenic environmental challenges.

As of 19:54 GMT on January 20, 2009, the world population was estimated to be
6,755,118,647 by the U.S. Census (2009b). This number is about 100 million greater
than it was one year previously. In fact, with the exception of a few plagues and other
catastrophes, human populations have been growing continuously for several thou-
sand years, and growing especially rapidly in the past several hundred (UN Secretariat,
1999) (see figure 2.1).

Nevertheless, the rate of growth of the world population has been decreasing over
the last several decades, meaning that we may be reaching a population plateau. A UN
report (2004) estimated that the world population will reach 8.9 billion by 2050 (see
figure 2.2) and peak at 9.22 billion around 2075 (United Nations, 2004).

Looked at close-up over the few decades shown in figure 2.2, it appears that the
plateau might be sustainable, coming gently to rest at a stable population. There is an-
other, less positive possibility, however. To discuss this possibility, it is helpful to go to
an introductory ecology lesson that I was taught as an undergraduate.

Imagine a colony of rabbits that has a relatively stable relationship with the local
population of coyotes. Each coyote eats a certain number of rabbits each year, and
the numbers of coyotes and rabbits settle into equilibrium levels. Now imagine that

World Population
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Figure 2.1
The world population over the past two thousand years. From data in UN Secretariat, 1999.
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Forecasts of human population. From World Population to 2300 © United Nations, 2004. Repro-
duced with permission.

the coyotes are removed. Suddenly the rabbit population starts to grow unchecked.
Because of their rapid reproduction, before long the rabbits have a significantly larger
population than can be sustained by their food supply. They overeat the grass, chewing
it down to the roots, and it cannot regrow. Then the large population of rabbits starves
to death, except for the few who migrate away or find the remaining bits of grass.

A real-world example of this phenomenon occurred among reindeer on an island
off the coast of Alaska in the middle of the twentieth century (see figure 2.3). In 1944,
the U.S. Coast Guard released twenty-nine reindeer on the island. By 1963, the twenty-
nine had reproduced vigorously; six thousand reindeer now lived on the island. The
reindeer ate all the available food; when there was a cold winter in 1963-64, nearly the
entire herd died. In 1966, a count showed only forty-two reindeer there (Klein, 1968).

A similar phenomenon could also be happening to people. We have developed tech-
niques for utilizing the world’s raw materials and producing food that enable us to
have a large number of people on Earth. At the same time, it is not clear that these tech-
niques represent a lifestyle that is sustainable in the long term. It may be that people
run out of raw materials, and the system can no longer support our population, leading
to a significant reduction in the human population. Understanding and avoiding this
potential outcome is an important objective of this book.

While many human-caused environmental issues scale according to the number
of people involved, they may become problematic only when the number of people
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Figure 2.3
Assumed population of the St. Matthew Island reindeer herd. Actual counts are indicated on the
population curve. Reproduced with permission from (Klein, 1968).

involved goes above some critical level. For example, if all the plants on Earth can
convert a certain amount of carbon dioxide to oxygen, then humans creating carbon
dioxide only becomes profoundly problematic when we produce more of it than the
plants can recycle, or when we kill off the plants until the equation no longer balances
in our favor. Therefore, human population itself is only part of the problem; the way
each of us lives provides a multiplier on the population.

Given the materials needed to sustain human life, a finite number of humans can
live on this planet. The Earth’s precise carrying capacity has been a topic of some de-
bate, with estimates ranging widely based on many different factors (Cohen, 1995).
Regardless of the exact number, the more people on Earth, the greater our impact.

Resource Consumption
In order to live, humans consume certain resources and produce various wastes. Some

of the resources most relevant to Green IT include space, energy, and raw materials.
Each of these resources is discussed below.



Environmental Horizons 33

Space

Each person needs physical space in which to live. Currently, as noted above, the plan-
et has a population a bit above 6.7 billion people. Earth’s area is approximately 200 mil-
lion square miles (including both land and sea). These figures reveal that there are 33.5
people per square mile, or 832,000 square feet per person. People may exist in a small
geographic footprint; in 1990, New York City had 23,700 people per square mile (U.S.
Census, 1998), or less than 1,200 square feet per person. If the world were covered with
people at the density of New York City, the human population would be 4.6 trillion.
These numbers would make it seem that physical space is not a significant limiting fac-
tor in terms of achieving sustainability. These statistics, though, do not convey the sup-
port structures that are required to maintain a population at such a density. Without
farmland, oceans, and other geographic features, there would not be sufficient food to
keep the city dwellers alive. In addition, not all land is equally productive when used
to produce human food; a square mile of the Sahara desert would make quite a bit less
corn than a square mile of Jowan plain.

The distribution of people makes a profound difference to the ecologies of other or-
ganisms on the planet. Certain other organisms need much larger habitats to continue
to exist. For example, wolves and deer lack the social infrastructure to transport and
store food in the way that humans or ants do. For these organisms to maintain breed-
ing populations, large continuous expanses of habitat are necessary. Human roads and
other transformations of the landscape have effectively partitioned much of the wild
habitat of many species, endangering the stability of those species. As of 1991, in the
forty-eight states of the continental United States, there was no location more than
twenty-one miles from a road (Foreman, 1991).

Recently, more effort has been exerted to ensure the existence of continuous wild
spaces. Wildlife corridors, strips of land linking wild spaces, are used to provide connec-
tivity between the populations in each space. The Yellowstone-to-Yukon Conservation
Initiative is seeking to create a continuous wild space from Yellowstone National Park
to the Peel River in the northern Yukon, a distance of nearly two thousand miles. The
Great Park currently being developed in Orange County, California, includes a wildlife
corridor to connect adjacent wild areas. Wildlife corridors improve the survival of spe-
cies by enabling gene flow between different populations.

More efficient use of space can be made possible by computational modeling of the
various human and nonhuman factors of land use (see, for example, [Berry, Hazen,
MacIntyre, & Flamm, 1996]). By taking these factors into account, land-use planning
can be done more effectively. Determining how heavily to weight the needs of dif-
ferent species will be a source of some contention. How heavily should human needs
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be weighted in comparison to those of other organisms? How will competing human
needs be reconciled? This planning is not being done in a void; rather, it is necessary to
take into account the current uses of the land as well.

Energy

A second major resource needed by humans is energy. Currently a great deal of the en-
ergy used in industrialized nations comes from fossil fuels such as oil, coal, and natural
gas, although nonindustrialized nations still use a great deal of biomass fuel. According
to a report by the UK Parliamentary Office of Science and Technology (2002), “Around
half of all people in developing countries are dependent for fuel on wood, dung and
crop residue, collectively known as ‘traditional biomass’” (p. 1). Saul Griffith notes
that humanity currently consumes approximately eighteen terawatts of energy from
all sources (treehuggertv, 2009).

A large amount of the energy we harvest from the world around us is lost in the pro-
cess of energy generation (Kaiper, 2004) (see figure 2.4). The figure below shows a graph
of the flows of energy used by the United States. More than half is lost in various ways,
rather than being converted into useful energy. As the UK Parliamentary Office of Sci-
ence and Technology (2002) reports, traditional biomass fuel sources have efficiencies
of 10 percent, significantly lower than the levels for fossil fuels.

Around the world, oil accounts for 36 percent of the energy supply (U.S. Depart-
ment of Energy, 2006). In the industrialized world, oil accounts for an even higher
percentage of energy consumption. Oil is produced when ancient organic matter is
compressed and heated under Earth’s surface, and is thus nonrenewable (at least on
human time scales).

In a poignant book title, the world’s remaining oil reserves have been called “The
Last Hours of Ancient Sunlight” (Hartmann, 2004), based on oil’s previous life as the
sun’s energy stored by plant photosynthesis. Given limitations on oil supplies, it is
likely that we will soon reach a point where petroleum extraction peaks, and the rate at
which we can extract it will begin to decline. The point at the top of the curve, called
peak oil (Foucher, 2009) (see figure 2.5), as mentioned earlier, is seen as an important
moment in understanding the history of human power consumption; the point at
which the global supply of one of humanity’s main power sources begins to decline
could trigger a major shift in the dynamics of the world’s economies. Optimists could
see the imminence of peak oil as a good time to begin shifting to other power sources.
Pessimists have proposed that peak oil could lead to global economic collapse and sig-
nificant human population reduction, or other undesirable outcomes.
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The flows of energy in the United States. Across all sources, more than half of all the energy in
the United States is lost at some point in the process (Kaiper, 2004). Reproduced with permission.
© Lawrence Livermore National Laboratory.

Nuclear energy has great potential as an energy source, but has a rocky relationship
with environmental concerns. France derives 77 percent of its electricity from nuclear
sources (Erlanger, 2008); nuclear energy provides a nontrivial portion of many other
countries’ electricity needs as well. Nevertheless, while it does not produce the same
abundance of pollution as fossil fuels do, nuclear energy leads to nontrivial problems
through the production of radioactive waste and the release of waste heat, and pro-
found environmental transformations resulting from accidents such as the 1986 Cher-
nobyl incident. The potential for reactors to produce weapons-grade waste presents
additional concerns (von Hippel, 2008).

There has been an ongoing effort around the world over the last several years to seek
renewable sources of energy, such as solar, hydro, wind, geothermal, and tidal power.
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Figure 2.5
Various forecasts of world oil production, most predicting peak oil between 2004 and 2014
(Foucher, 2009). (cc) Sam Foucher.

There is great potential in these sources; for example, eighty-five thousand terawatts of
solar energy hit Earth, and there are thirty-six hundred terawatts of wind (treehuggertv,
2009). Some countries already draw a large percentage of their power from renewable
sources; Iceland, for instance, in 2004 drew 78.4 percent of its electricity from hydro-
power, and another 13.7 percent from geothermal (Orkustofnun, 2005). Moving to sus-
tainable energy sources may still provoke a variety of environmental concerns. These
objections may be practical, such as excess wind power at certain times causing dams to
need to release more water into rivers, thereby harming the salmon living there (Tilkin
& KATU Web Staff, 2008), or aesthetic, such as opposition to “ugly” fields of windmills
(Griscom, 2002). Nevertheless, renewable power is often seen as an important compo-
nent of the move toward global sustainability.

Raw Materials
Humans consume a great deal of raw materials. Some of these—such as oil, coal, and
natural gas—are used as energy sources, as described above. Many other natural re-
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sources, though, are used for enabling human sustenance, energy transfer, transpor-
tation, communication, health care, knowledge archiving, entertainment, beautifica-
tion, and many other purposes.

For example, since humans and many other animals need oxygen to breathe, clean
air is another critical resource in this analysis. Air is currently not as limited a resource
as many of the others on this list, but it is involved with a number of environmental
issues, mostly as a result of pollution and human waste production, which will be dealt
with in the next section. Various researchers around the world are studying air quality,
from the Air Quality Research Center at the University of California, Davis to the Clean
Air Initiative: Asia Partnership.

Water is another key resource, used for an assortment of purposes, from drinking
to irrigating crops to cooling power plants. Enabling humanity to continue to have a
steady supply of clean water is essential to our continued survival. The study of hydrol-
ogy has been growing as an academic field as this need has become more apparent.
The Urban Water Research Center at the University of California, Irvine is one of the
leading centers in this field.

Food is also a central issue in many environmental discussions. The United Nations
has a Food and Agriculture Organization tasked with “helping to build a food-secure
world for present and future generations” (Diouf, 2001). The effort to produce food for
6.7 billion people is challenging, especially given the vagaries of climate; often, civi-
lizations overproduce in order to guarantee that there will be sufficient food for any
inhospitable times that might arise.

A challenge of the environmental movement is the possibility that it conflicts di-
rectly with one of the foundational premises of the dominant global civilizations.
Various researchers and authors (Hopfenberg, 2003; Quinn, 1997) have argued that
totalitarian agriculture—that is, the agricultural style practiced by most of the world’s
communities in which all food belongs to humans, to the exclusion of all other spe-
cies—lies at the root of the current global environmental crisis. Daniel Quinn proposes
that totalitarian agriculture is not inextricably linked to humanity by its very nature.
Rather, people lived without it for hundreds of thousands of years. About ten thousand
years ago, people invented totalitarian agriculture. Since that time it has spread rapidly
through human cultures and enabled cultures that practiced it to grow quickly. As
such, it is one of the shared premises among most human civilizations. Quinn con-
tends that it is both possible for humans to live without it, and necessary in order to
prevent the impending catastrophe of human overpopulation, the extinction of most
other species, and then a vast human population reduction.

Beyond the use of energy sources, air, water, and food, human civilizations con-
sume many other raw materials, from wood and iron for building and construction,
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to chemicals and ores for manufacturing, to precious metals and gems for adornment.
The extraction, transport, and transformation of these materials into usable products
lead to a great deal of energy consumption and secondary resource use. In addition,
these human processes lead to much waste production, which is the focus of the next
section.

Waste Production and Disposal

There are numerous waste materials produced by the diversity of human activities.
This section addresses them in three main categories: human waste, material waste,
and energetic waste. These various forms of waste all impact human lives; as William
McDonough and Michael Braungart (2002) offer, referencing an often-used water met-
aphor for the process of resource consumption and waste production, “In planetary
terms, we're all downstream” (p. 127). Beyond supplying the raw materials of human
life, a sustainable society needs to provide for the processing and/or removal of waste
in a humane way. Green IT can offer support for addressing many problems associated
with humanity’s waste.

Human Waste
The biological process of human life produces several main by-products: CO,, feces,
and urine, not to mention dust, moisture, heat, and an assortment of other leftovers.

Human beings produce a great deal of CO, as a result of our respiration process.
According to data from the Carbon Dioxide Information Analysis Center, each person
generates about 1 kilogram of CO, per day (cdiac.ornl.gov, 2009). This amount means
that the world population generates approximately 2.4 trillion kilograms of CO, over
the course of a year, or over four times more CO, than is emitted by the aircraft in-
dustry (Guardian News & Media, 2008). On cursory analysis, one might imagine that
humans are adding a huge amount of CO, to the atmosphere. However, this CO; is part
of a closed loop between people and the organisms we eat (cdiac.ornl.gov, 2009) and
does not contribute significant GHG to atmospheric concentrations. Nevertheless, be-
yond the CO, produced by people breathing, there are many other ways that we cause
CO; to be produced; these forms of waste will be dealt with in the section on “Material
Waste” that follows.

The average American will produce approximately 550 kilograms of urine and
feces over the course of a year (Pimentel et al., 1980). With 6.7 billion people, that
level of excretion would amount to 3.6 trillion kilograms of excreta annually. (It is
likely that civilizations with lower levels of consumption would produce less bodily
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waste; as many societies move toward higher-consumption lifestyles, their bodily
waste will likely increase as well.) This material contains bacteria that can propagate
illnesses and may be a pathway for pharmaceuticals to have unintended negative ef-
fects (Donn, Mendoza, & Pritchard, 2008). Conversely, human waste is nutrient rich
and can be reused in an assortment of ways. Enabling this waste material to contrib-
ute again to society, rather than being a burden, requires some form of treatment or
recycling.

Humans also shed skin cells (one of the main components of household dust), emit
moisture through perspiration, and give off heat. Moreover, while it may seem a bit
macabre, a non-negligible by-product of human civilization is dead bodies. With a
population of 6.7 billion, an average life span of 67 years (World Bank, 2001), and an
average weight between 60 and 70 kilograms (Taylor et al., 2006), human civilization
produces on the order of 6.5 billion kilograms of dead bodies every year.

Material Waste

In addition to the waste that we produce as a result of our basic physiology, we pro-
duce a great deal of waste because of our lifestyles as well. A critical environmental
issue around the world is the great deal of waste produced from the production and
consumption of consumer products. As mentioned earlier, the United States produces
230 billion kilograms of municipal solid waste per year (U.S. Environmental Protection
Agency, 2008a). In order to enable the world’s civilizations to exist in their current
form, corporations and other organizations produce a large amount of industrial waste.

Besides the production of solid waste, air pollution has been a global environmental
problem for centuries, from the burning of wood around the world (apparently it soiled
the togas of the Romans [Bregman & Lenormand, 1966]) to modern issues relating to
chlorofluorocarbons and other gaseous pollutants.

CO,, which was discussed briefly above, has become one of the central human waste
products in many environmental discussions due to its impact on global climatic dis-
ruption. Many different processes produce CO,, in particular the burning of fossil fu-
els. Since so many human actions require the use of energy in one form or another
(electricity, fuel for transportation, etc.), CO, is an important pollutant, currently in
the foreground of many people’s awareness, with 6.5 million hits on the Google search
engine for the terms “CO2 ‘Global Warming."”

The flows of materials in human societies have profound environmental impacts,
but these impacts are often invisible to or incomprehensible by the people taking ac-
tion in those societies. For instance, many people keep a trash can next to their toilet.
When they have used a tissue, they might throw it into the trash or the toilet. This
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small choice causes the tissue to go on profoundly different paths. The tissue that went
into the trash probably gets tied up in a bag, put in a dumpster, loaded onto a truck,
and dumped in a landfill with vast quantities of other solid waste. The tissue that went
into the toilet got waterlogged and flushed, flowed through the sewers, disintegrated,
and ended up in a sewage treatment plant, where it was processed with vast quanti-
ties of other liquid waste. Which of these paths is more environmentally sound? How
would one determine the difference? Presumably the difference is measurable, but it
is certainly more effort than it is worth for most people to measure it. The difference
is much greater, however, when multiplied by three hundred million U.S. residents or
billions of people around the world. At this scale, it may well be worth the time for
someone to investigate. Providing the IT tools to help people study such issues and
propagate the results to a broad audience could be transformative for humanity’s col-
lective progress toward sustainability.

Energetic Waste (Heat)

A significant by-product of many energy-consuming undertakings such as manufac-
turing is a great deal of heat. Heat in itself does not seem particularly dire; still, tem-
perature changes can have profound impacts on certain ecosystems. The challenge
with heat is moving it from place to place. Water is often used for transporting heat.
This heated water may then cause environmental problems. Stream and river habitats
downstream from nuclear power plants, for example, are sometimes disrupted by the
heated water that is returned to a river. Recapturing the heat that is produced by vari-
ous human processes is one of the challenges facing a sustainable civilization.

Effects on Other Species

Beyond the direct resource consumption and waste production caused by human civili-
zations, people also have profound effects on the other species around us. This impact
can take a wide variety of forms, from the vast success that cows, dogs, and oil palms
(see figure 2.6) have enjoyed as a result of symbioses with humans, to the complete
eradication that people are causing, intentionally or unintentionally, for thousands of
species every year.

Symbioses and Monocultures

Over the course of our own great success around the globe, humans have enabled a
variety of other organisms to thrive as well. We have enabled vast numbers of cows,
pigs, and chickens to be born, and wide fields of corn, soybeans, and rice to grow, to
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Figure 2.6
An oil palm plantation (Dittmar, 2008). © Percita Dittmar.

provide food supplies. We have millions of dogs, cats, and other animals living as pets.
Many human houses and yards feature nonnative philodendrons, palms, boxwoods,
and other ornamental plants. We unintentionally bring rats, pigeons, cockroaches,
bacteria, and viruses with us in most of our colonization efforts. Through these and
other mechanisms, we encourage the growth of certain species well beyond the success
that they might have enjoyed had humans not proliferated so abundantly.

A challenge that this vast success for those species creates, though, relates to the
practice of monoculture. Monoculture is an agricultural practice in which a single crop
is grown over a wide area. Monocultures provide a distinct economic advantage by
enabling the standardization of planting, caring for, and harvesting that species. How-
ever, monocultures are often problematic as well. For example, they can lead to brittle-
ness, since a single pathogen can sweep rapidly through the entire population due to
the homogeneity and close proximity of the organisms. Any environmental change
that moves growing conditions beyond the range for a single individual effectively
moves them beyond the range for the entire population. Perhaps the most famous
instance of the collapse of a monoculture is the Great Irish Famine, mentioned earlier,
in which more than a million people died due to a potato blight in the mid-nineteenth
century. Some of the principles of monoculture apply to other dense populations too;
since species that benefit from human civilizations tend to do well (since humans have
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done well), the concentration of so many resources in a small number of species can
lead to a lack of robustness.

Species Extinction

While some species thrive as a result of human activity, most do not. Ecologists have
observed that the current rate of species extinction has earned the modern era a place
in geologic history as the sixth great extinction event since the beginning of life on
Earth.

In broad terms, extinction is a perfectly viable piece of the evolutionary process.
Species have been going extinct since shortly after the beginning of life (Wilson, 1992).
The current rate of extinction, thirty to fifty thousand species per year (Leakey &
Lewin, 1996; Olson, 2005), though, greatly exceeds the baseline rate over most of the
history of life. As noted paleoanthropologist Richard Leakey and anthropologist Roger
Lewin (1996) write, regarding the vastly increased rate of extinction currently occur-
ring around the world:

Even if we take a figure in the lower range of estimates, say thirty-thousand species per year, the
implication is still startling. David Raup has calculated from the fossil record that during periods
of normal, or background, extinction, species loss occurs at an average of one every four years.
Extinction at the rate of thirty-thousand a year, therefore, is elevated 120,000 times above back-
ground. This is easily comparable with the Big Five biological crises of geological history, except
that this one is not being caused by global temperature change, regression of sea level, or asteroid
impact. It is being caused by one of Earth’s inhabitants. Homo sapiens is poised to become the
greatest catastrophic agent since a giant asteroid collided with the Earth sixty-five million years
ago, wiping out half the world’s species in a geological instant. (p. 241)

Aside from the deaths of the organisms themselves, there are many other problems
that go along with mass extinction on a global scale. First, when many species go
extinct over a relatively short period of time, the ecologies of many other species are
transformed profoundly as well. For example, mass extinction due to climate change
may then cascade through other species. A species’ food source or pollinator may dis-
appear, resulting in population reduction or extinction, or that species’ predator may
disappear, resulting in brief and catastrophic overpopulation. Rapid change may also
enable more sustained success of a given species, as it expands to fill newly available
niches. Nevertheless, the transformation by which those niches become available
would be a time of great uncertainty for the continued existence of any given species.
Niles Eldridge and Steven Jay Gould (1972) termed this model of evolution—long pe-
riods of evolutionary stasis, followed by rapid change—“punctuated equilibria.” Such
a period of instability could be particularly problematic for humans, as there are many
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species that we rely on for our survival, and the extinction of one of the big ones
(for example, corn, wheat, or rice) could compromise the nutritional infrastructure on
which human civilizations rest.

Second, a reduction in species diversity causes a lack of robustness with regard to
cataclysmic events. In a world with many species, any given global disaster is unlikely
to eliminate all species. In a complex ecosystem, some organism is likely to have some
adaptation that will enable it to survive. By causing the rapid elimination of so many
species, humans may be compromising the world’s robustness—that is, the biosphere’s
ability to withstand stresses such as global climatic disruption, or an incident such as a
meteor strike or nuclear war, without profound transformation.

Effectively, we are beginning to create a monoculture of humans. While humans are
perhaps more adaptable than wheat or potatoes, we do run the risk of creating a brittle
ecosystem by enabling the elimination of species at such a rapid rate.

Global Climatic Disruption

Perhaps the most commonly discussed environmental challenge of the modern era is
global climatic disruption. The IPCC (2007b) “Summary for Policymakers” report offers
that “warming of the climate system is unequivocal, as is now evident from observa-
tions of increases in global average air and ocean temperatures, widespread melting of
snow and ice, and rising global average sea level” (p. 5). The report then goes on to state
that “most of the observed increase in global average temperatures since the mid-20th
century is very likely due to the observed increase in anthropogenic greenhouse gas
concentrations” (p. 10).

Climate change is problematic because it may cause the habitats of many living
species to change sufficiently that they can no longer survive. In addition, it may lead
to large areas of land going under water as sea levels rise. Through both of these ef-
fects, global climatic disruption is likely to exacerbate the significant extinction trend
described above.

The Unfortunate Possibility of Mass Extinction

Looking forward, a wide array of possibilities remains for how the world will be im-
pacted by environmental change. The goal of this book is to provide a hopeful vision of
a sustainable future, well grounded in strong science. However, in order to appreciate
the need for changes such as those described here, it is relevant to visit briefly with a
devastating yet not implausible scenario for the future of Earth.
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Here is how a doomsday scenario for the future might unfold. For the next fifty
years, human population continues to grow, and the wild areas of the world are mostly
cultivated, causing a 90 percent reduction in the world’s biodiversity. The vast major-
ity of the planet’s biomass accumulates in a relatively small number of taxonomic
groups—humans, corn, wheat, soybeans, cows, chickens, farmed salmon, cockroaches,
ants, pigeons, rats, bacteria, and mycorrhizal fungi. On a day much like today, a certain
wind-borne parasite undergoes a mutation, making it slightly more efficient in exploit-
ing cornstalks as a host. Within a few months, the global corn market has collapsed,
causing famine and war on a worldwide scale. As people in rural areas turn their efforts
to personal survival, support services to the cities cease to operate effectively, and most
of the people in urban areas die of dehydration, starvation, or disease within several
months. Some people on rural farms survive longer, especially those individuals more
than one tank of gas from a city (the radius within which the city dwellers were able to
pillage before starving). Since most of the world’s people live in cities, and nearly all of
the rest live within a 400-mile radius of cities, this scenario means that the vast major-
ity of the people in the world would have died.

Instead, a (somewhat simplistic) best-case scenario goes something like this. A new
company develops an extensible solar panel and battery system that efficiently con-
verts sunlight to electricity, stores it effectively, and scales well; it captures 90 percent
of the global energy market by 2040, making its inventor the richest person in the
world. The advent of low-cost, sustainable, pollution-free energy increases the quality
of life for most of the world’s people. The globe’s population levels off at nine billion
and then starts to decline slowly. The solar energy also helps to make large-scale recy-
cling feasible in a way that it had not been previously, and makes it financially viable
to convert landfills back into usable material. New technologies, sustainably designed
and designed to enable sustainability, help people live well with smaller environmental
footprints. Since human populations are declining, we no longer need to colonize new
areas of land, thereby greatly reducing the rate at which species are being lost. Simul-
taneously, restoration efforts enable endangered and threatened species to come back
from the brink. The abundance of energy allows humans’ quality of life to be high and
facilitates effective recycling on a large scale.

The reality of the situation probably lies somewhere between the two scenarios de-
scribed above. In the absence of a “magic” power source that will miraculously solve all
the world’s issues, the process will be more difficult, requiring effort on many fronts by
many people and organizations. Earth is undergoing vast changes as a result of human
expansion. Unchecked, these changes threaten to undermine the ecological founda-
tion on which human civilizations are built. If the issues are presented to the people
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of the world in a compelling way, however, from both grassroots and governmental
levels, it is possible that people may work together to come up with a viable future.
Because of the time scale of the issues involved, we are actually coming quite late to a
broad realization of the problem. Nevertheless, rapid mobilization on a global scale can
address the issue before the transformation leads us to catastrophe. There is a growing
trend toward environmental technologies—hybrid cars, green industrial design, and
many other efforts—that, when taken together, are a great first step in this process.
Ultimately this effort is necessary for the survival of our descendants and the continu-
ation of living things in general.

Humanity is facing significant environmental challenges on many fronts. Human
populations, and our resource use and waste consumption, are responsible to a large
degree for these challenges. We are creating monocultures of some species, eliminating
many others, and changing the climate in ways that are likely to have drastic impacts
over the coming century and beyond. These impacts are occurring over long periods of
time and across the entire world, and involve a great deal of ecological and social com-
plexity. An understanding of these issues is an important part of launching an effective
response; this chapter has sought to establish a broad basis for further discussions of
the world’s environmental issues and how Green IT may be able to help.






3 Human Horizons

The strong scientific consensus on the causes and risks of climate change stands in stark contrast
to widespread confusion and complacency among the public.

—John D. Sterman, 2008, p. 532

The previous chapter sought to describe some of the core environmental challenges
currently facing humanity. In addition to understanding the environmental issues
themselves, it is essential to understand how and why people engage with these en-
vironmental concerns. In order to bring about significant change, large numbers of
individuals must alter their behavior. We humans change our behavior in a number of
ways. We are willing to exert a great deal of effort in support of our beliefs. We are also
willing to change if the infrastructures and policies surrounding us change, and make
it easy or necessary for us to change as well. This chapter provides an introduction to
some of the human factors most relevant to ideas of sustainability.

One of the great challenges facing the sustainability movement is the fact that, even
though people sometimes understand the short-term aspects of the phenomena, we
have difficulty comprehending the long time scale nature of environmental issues.
This disconnection has roots in both evolutionary biology and cultural factors. This
chapter explores both of these topics, and considers how people might be able to move
forward with environmental ideas and action, given the current realities of human
culture and behavior.

Evolutionary Roots
One of the key aspects of evolution-based animal behavior is the drive for an individual

animal to survive. Contributing genetic material to the next generation of organisms
entails the individual’s not dying before passing on that material. Therefore, selfish-
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ness lies at the core of what it means to be an animal and hence a human. While there
are many other attributes of what it means to be human as well, at a basic level we are
self-serving whenever we breathe, eat, or dress warmly when it is cold outside. Being
self-serving has a bad reputation in human societies, primarily because it is usually
shorthand for “being self-serving to the disadvantage of another human.” Protecting
and perpetuating oneself, however, is an important part of many socially condoned
acts—returning a favor, caring for one’s family, or doing good deeds. In fact, the ulti-
mate act of failing to perpetuate oneself—suicide—is considered illegal or immoral by
many social structures around the world as well. Staying alive is well grounded biologi-
cally and also viewed as a social good.

Humans have a great deal of cognitive and physiological apparatus that supports
the effort to survive—avoiding danger, finding food, attracting mates, and raising chil-
dren. Natural selection favored humans who did well in these areas, leaving us with a
wide range of capabilities: senses such as vision, touch, and hearing; memory of events
that tasted good or hurt us in the past; sexual desire; and parental love. While these
capabilities certainly do not prescribe all human activity, they nevertheless form the
underpinnings for much of our behavior.

There are many different evolutionary biological theories that potentially affect
what people care about, and thus the way in which people might be motivated to take
environmental action. This section discusses a few of these concepts.

Coefficient of Relatedness

A key aspect of evolutionary theory that appears to be fundamental to what people
care about is called the coefficient of relatedness (Wright, 1922). This number specifies
the level of relationship between two individuals, with identical twins having a value
of 1, parents and children having a value of 0.5, and less related individuals having
even lower values. Drawing on this premise, the concern that a person might have for
another organism’s life should increase in proportion to the coefficient of relatedness
between the two. As genetic similarity increases, so too does concern. As resources
become scarce, though, the slope of the curve would become steeper, with individu-
als caring less and less about organisms dissimilar to themselves. These ideas could be
relevant in trying to answer questions such as whether a million dolphins are worth a
single human life. Looking at the coefficient of relatedness and the scarcity of resources
can help justify the spirit of the interspecies interactions that are likely to occur be-
tween humans and that species. Certain interactions could be of sufficiently minimal
value that there is effectively a threshold below which one organism is of no biologi-
cal concern to the other one. There are also psychological and emotional effects, such
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as the sadness that accompanies the death of a pet, that may contribute to humans
protecting certain nonhumans; nevertheless, the coefficient of relatedness may set a
baseline for people caring about other organisms.

This theory is relevant to environmental concerns because it suggests that, in times
of scarce resources, we humans think more about preserving ourselves and our nearest
relatives. Even in times of abundance, there is still a fairly sharp falloff in terms of this
curve; we tend to care more for our families than for other people, and more for other
people than for other animals. We have relatively narrow horizons of social complex-

ity.

Cooperation

Beyond the purely genetic incentive to support another individual, humans and many
other animals have the ability to work together, thereby enhancing individual fitness.
Because of this cooperation, there exists an evolutionary pressure to be able to keep
track of social partners with whom one might collaborate—that is, other members
of one’s social group. Robin Dunbar (1993) has offered that there is a correlation in
primate species between relative neocortex size and social group size. That is, primates
with small neocortices compared to their total brain size tend to live in small groups,
and those with large neocortex ratios live in larger groups. From this correlation, he
proposes that the typical size of human groups would be approximately 150 individu-
als (sometimes called “Dunbar’s number”), with a relatively large margin of error (a 95
percent confidence interval of 100-231). The benefits of collaboration could provide an
incentive for looking out for one’s valued collaborators, thereby changing the degree
of concern that one has for various individuals beyond the level dictated by the coef-
ficient of relatedness.

Conspicuous Consumption

Biological researchers have suggested that the phenomenon of conspicuous consump-
tion (Zahavi & Zahavi, 1999; Roberts, 1998) can be an evolutionarily viable survival
technique.” Conspicuous consumption enhances an organism’s fitness because it dem-
onstrates that the organism has sufficient resources to live, and then some. This abun-
dance of resources suggests to other members of the organism’s community that it
may be a valuable social or sexual partner, with sufficient resources to squander some
on goals beyond mere survival. The term “squander” will be employed to mean the
consumption of resources that could be used for survival on goals that are not directly
survival related. Squandering may still be a viable indirect mechanism for surviving
and propagating one’s genes.
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Two forms of conspicuous consumption are particularly notable. Sexual handicap-
ping (Zahavi & Zahavi, 1999) involves an individual’s exhibiting resource-intensive be-
havior or morphology in order to communicate his or her (but usually his) good genes.
For example, the brightly colored tails of many birds are a significant handicap to those
organisms; the tails require a lot of energy to produce (since bright pigments are energy
intensive) and make it harder for the organisms to survive (since predators can see
them). A bright tail conveys unequivocally that the bird sporting it is a “winner,” with
sufficiently abundant resources to have lived to maturity despite such an impediment,
and is therefore a prime mate.

A second form of conspicuous consumption is competitive altruism (Roberts, 1998).
In this behavioral pattern, organisms behave in pro-social ways, issuing alarm calls or
saving the offspring of other members of their community in order to demonstrate
their abundance of resources. Similar to sexual handicapping, competitive altruism is a
drain on the individual’s resources, and marks that individual as a high-quality social
or reproductive partner.

There are several characteristics that make an attribute or behavior a good vehicle
for exhibiting conspicuous consumption. It must be obvious, so that other members of
the target community can recognize it. It must be accurate; community members must
be able to use it to evaluate the relative merits of different individuals. Finally, it must
be “unfakeable;” that is, it must be easier for the organism to exhibit the attribute or
behavior than to exhibit an indistinguishable facsimile (Zahavi & Zahavi, 1999).

Like many other animal species, humans exhibit a tendency for conspicuous con-
sumption (Veblen, 1912). To an evolutionary biologist, a sports car shares a number
of characteristics with a peacock’s tail. The bird’s tail is obvious; so too are the logos
and characteristic body shapes of sports cars. The bird’s tail requires the expenditure of
substantial resources. So too does the sports car. Finally, the bird cannot attach a fake
tail to itself; neither is it economically viable to manufacture a fake sports car. Both the
tail and the sports car serve as reliable indicators of resource abundance.

Similarly, people engage in competitive altruism in a range of ways. The high-end
grocery store Whole Foods has begun selling a grocery bag with a large logo reading
“Feed the Children of the World” on it. To own this bag, a shopper must pay US$29.95,
of which US$10 will be donated to the World Food Program’s Rwanda School Feed-
ing operation. This amount is sufficient to provide one hundred meals to children in
Rwanda. This demonstration of resource abundance may not only make the bearer
feel good but it also may cause others around them to consider them worthy social or
sexual partners. While one might think that charity might not be relevant to sexual
ends, a group of psychologists recently found that “although mating motivation did
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not lead women to conspicuously consume, it did lead women to spend more publicly
on helpful causes” (Griskevicius et al., 2007, p. 85).

Whenever resources are squandered, there must be some “sink” into which those
excess resources are poured. For example, when a species of birds tends to have long
colorful tails, their resources are being poured into the populations of snakes and other
predators that are better able to catch and eat the birds because of their highly visible
tails. When people drive BMWs and other luxury cars, the resources are being poured
into the corporations that produced them. (When people drive luxury SUVs, the re-
sources used to buy the gas needed to move so much metal around ultimately end up
poured into the atmosphere as carbon dioxide and other pollutants.) Snakes and cor-
porations serve the same role in this system; they are the keepers of the “unfakeability”
needed to make a trait costly.

Corporations, like snakes, are not evil. They are simply tasked with one purpose—
maximizing shareholder value. Unless there is a profound shift in the corporate law in
the United States and many other capitalist countries, it is unlikely that environmental
sustainability will ever be the primary goal of corporations. Sustainability may soon
be an indirect goal for many corporations, when consumers have sustainability as a
primary goal and the corporations must satisfy the consumers. Nevertheless, the world
could perhaps be made more sustainable if some portion of the human urge to squan-
der resources could be piped into efforts with direct social benefits.

Systems that let us engage in conspicuous consumption (as we appear to need to
do in order to demonstrate our quality as social or sexual partners), but do so without
wasting resources unnecessarily, could be the basis for new social interaction styles. In
an article in an in-flight magazine I read while writing this book, the author discusses
his two-week experiment with car sharing, explaining, “My nearby ‘shared’ car is a Toy-
ota Corolla sedan—nowhere near as cool, or nimble as my Jetta. . . . In the new world
of reduced carbon footprints, maybe we’ll all have to find ego gratification elsewhere”
(Lerner, 2009, p. 80). An understanding of the biological and cultural issues underly-
ing various social and identity-based phenomena could help inform the creation of a
range of new technological systems that support novel, more sustainable activities and
interactions.

On an evolutionary time scale, while humans were able to control factors such as
their personal location (e.g., near food or away from danger), the actions they took
(e.g., eating, mating, fleeing, or cooperating), and some characteristics of their environ-
ment (e.g., what objects are nearby or whether rain falls on one’s head), they were not
able to affect large-scale processes intentionally. Without being able to have this effect,
there was no evolutionary pressure to select for cognitive or physiological apparatus
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to manipulate this kind of issue, so we did not evolve any. Luckily, as is discussed in
the next section, humans have developed culture, which has broadened our ability to
think and act collectively.

Cultural Effects

The abilities to remember, communicate, learn from communication, and apply that
learning in new situations enable humans to form elaborate behavioral patterns—col-
lectively called culture—that are not always obviously directed toward satisfying bio-
logical imperatives. Culture allows individuals to adapt to changing circumstances in
the world much more rapidly than genetic evolution. Richard Dawkins (1990) has sug-
gested that cultural evolution resembles biological evolution, via the transmission of
cultural units called “memes” that serve a similar role to genes in biological evolution.
While until the last few millennia culture did not have ways of intentionally effect-
ing change at vast scales, it nonetheless provides the scaffolding for the large-scale
social responses needed to address our current environmental concerns. Humans can
transcend some of the limits imposed by biology and evolution by means of cultural
innovation.

Culture can enhance our ability to respond to environmental issues in a number of
ways. It can enable collaboration on previously impossible scales (e.g., the United Na-
tions, Wikipedia, etc.). It can support scientific research so we can understand how the
future is likely to unfold. Perhaps most important, it can give people the freedom to
take action based on our best understanding of how to protect the future of our species
and all living things.

One of the challenges of encouraging people to act in environmentally sound ways
is helping us see that we are part of nature, rather than separate from it. People often
use the term “nature” to refer to organisms that are not part of human civilizations—
that is, organisms that are not domesticated animals and plants, nor people. It is po-
tentially problematic, however, to see humans as separate from nature. There are deep
aspects of the Western worldview that contribute to a separation between humans
and the ecosystems in which we live. In his article “How Computers Contribute to
the Ecological Crisis,” C. A. Bowers (1990) offers that the Cartesian mind-set, which
places humans squarely at the center of the universe, causes people to see the world’s
environmental problems as being separate from humanity, rather than human cultures
as being integral to the problems. This separation leads to a sense that we (humans)
need to do something about it (nature), rather than us being part of it. This perspective
contributes to the challenge of helping humans live sustainably, by creating a discon-
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nection between humans and nonhuman species. Bowers suggests renaming the “eco-
logical crisis” as the “ecological/cultural crisis,” to draw attention to the central role of
human cultures in the issues at hand.

A survey of newspaper headlines demonstrates that humans have the capacity to
exhibit concern about environmental issues (Cappiello, 2008; Rosenthal, 2008; Sun,
2008). Many individuals and groups have clear commitments to environmental causes,
from politicians to artists to farmers. To provide just one example, the digital artist
Vibeke Sorensen (2002) described her work in the following way:

I want to use technology to help us evolve better, that is more ethical, more humanistic, more
ecological, more responsible,—more esthetic structures, patterns, and approaches to interacting
with the world,—nature as well as other people—that help put us into harmony with them, so
that we will be better able to live in and with the world, and help it and us to survive. I consider
it urgent, given the rate of destruction of our ecosystems and the move towards war and human
suffering. From my point of view, technology is only truly useful if it can do that.

Humans do not always prioritize environmental issues in our decision making,
though; often we make decisions based on economics, security, entertainment, reli-
gion, and many other factors, even if these issues conflict with environmental pref-
erences. There are many differences among cultures that affect people’s ability and
interest in responding to environmental change, and provide challenges for efforts to
mount large-scale responses. According to a UN Educational, Scientific, and Cultural
Organization (UNESCO 2002) educational program, “The dynamic balance between
cultural differences and [the] emerging global ethic is a key concept in educating for
a sustainable future.” This section looks at some of the factors that contribute to and
detract from a focus on environmental topics.

Corporations

It could be proposed that capitalism, by its very nature, is problematic from an environ-
mental perspective. Capitalism is based largely on competition, with people working to
accumulate wealth in as great abundance as possible. The current model of capitalism
entails producing goods as inexpensively as possible (even luxury goods are manufac-
tured as economically as possible while still maintaining high quality), largely with-
out regard to environmental concerns. There are certain governmental restrictions on
manufacturing, and certain markets demonstrate a preference for goods produced in an
environmentally sound way, but beyond responding to those factors, the central goal
is producing goods cheaply and selling them at a premium. In fact, the executives of a
publicly traded corporation have a legal responsibility to enhance shareholder value.
If they behave in a manner that does not maximize profits (such as choosing a more
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expensive manufacturing process that has a lower environmental impact), they could
be liable for prosecution. Since in many cases more environmentally sound processes
are more expensive, this would appear to point to a direct conflict between capitalism
and environmentalism. In addition, environmental costs tend to occur further in the
future than other costs (Regnier & Tovey, 2007), reinforcing a disconnection between
short-term financial gain and longer-term environmental concerns.

Many corporations actively reinforce the consumption-based economies in place
around the world. For example, Discover Card runs an advertisement that begins,
“We're a nation of consumers . . . and there’s nothing wrong with that” (cbs.com,
2008). The business models of these companies are predicated on people consuming
more every year.

Nevertheless, the accumulation of wealth is not inherently opposed to the goal of
environmental sustainability. Rather, it could be directly in line with it. Corporations
such as Ben & Jerry’s have made environmental concerns a cornerstone of their corpo-
rate image, and have thrived as a result. With an environmentally motivated consumer
population, market forces can drive the production of goods toward environmental
sustainability. When dealing with a consumer base for which environmental issues are
of primary concern, executives of companies could be violating their fiduciary duty by
not causing their company to act sustainably. The challenge thus becomes the educa-
tion of the consumer base.

The rise of an empowered community of individuals can force change at a corporate
level. For example, the mega-retailer Wal-Mart had been accused of shortcomings in
labor relations and environmental responsibility (Kabel, 2006). With the advent of
organizations such as WalMartWatch.com and others, though, a new level of oversight
became possible. “There was a time where people in business believed all they had to
do was run their business,” said David D. Glass, ex-CEO of Wal-Mart. “But it doesn’t
work that way anymore. There is an accountability that goes way beyond that” (Rosen-
bloom & Barbaro, 2009, p. 2).

Ultimately, sustainability will become more and more connected to economic vi-
ability. According to the Smart 2020 report, former UK government and World Bank
chief economist Lord Stern proposed that “to ignore rising carbon emissions that will
result in dangerous climate change now will damage economic growth in the future”
(Climate Group, 2008, p. 12).

Governments
Governmental regulations and laws provide a mechanism through which groups of
individuals have encouraged their members to do things they might not want to do
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without external pressure. These organizations seek to change the motivational land-
scape on which people act in order to bias our behavior toward certain actions and
away from others.

One key challenge that governments often help to address is the “Tragedy of the
Commons” (Hardin, 1968), in which a collection of individuals, such as cowherders,
acting out of their own self-interest eventually destroy a common resource, such as a
piece of land. By regulating the degree and manner of use of shared resources, govern-
ments assist in curbing overexploitation. In this way, governments take a broader view
than any one individual can, thereby enabling all individuals to benefit in the long
run.

Governments tend to deal with scales of time, space, and complexity beyond those
with which most individuals concern themselves. They plan for longer periods of time
such as decades or centuries. Correspondingly, they often act more slowly than in-
dividuals, taking years to change policies. Governments control large areas of land,
sometimes covering millions of square miles. They also seek to support the apparatus
for meaningful decision making on large scales of complexity, frequently undertak-
ing the management of economies, utilities, warfare, and other vast activities. Gov-
ernments are therefore well suited to contribute to global-scale environmental action.
Nevertheless, since many governments are designed to reflect the will of the people, for
environmental responses to be undertaken with the necessary vigor, the people served
by the governments must be ideologically supportive, at least in principle, of the gov-
ernments’ environmental goals.

Economics

Economic factors often contribute to a lack of effort toward environmental themes. If
people do not have enough food or their families are in danger of running out of es-
sential resources, they may be less willing to participate in environmental efforts. In
fact, many individuals whose long-term livelihoods are based on natural resources,
such as commercial fishers, will nonetheless exploit the resources that they rely on
beyond the limits of sustainability, thereby jeopardizing their futures (National Public
Radio, 2008). Societies in which there is a scarcity of essential resources such as food
and water may have a particularly difficult time turning their attention to long-term
environmental themes unless they can be directly coupled with short-term improve-
ments in quality of life. In economic terms, these issues have a high discount rate.
Some activists and philanthropists have suggested that the best work that can be done
for environmental ends involves raising people’s quality of life, and especially focusing
on women'’s education, which correlates with reduced birthrate (Akmam, 2002).
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In order for sustainability to succeed on a global scale, it needs to go hand in hand
with an improvement in the quality of life of the world’s peoples. It is unreasonable
to expect a person who is starving to death to take action regarding the world’s envi-
ronmental issues. Luckily, there are numerous paths toward both sustainability and
an increased quality of life. Many of them are paved with technological innovations.

Religion

Religion also factors into people’s caring about environmental concerns (Gottlieb,
1996). The relationships that different religions create between humans and other liv-
ing things profoundly affect how proponents of those religions act toward the world
around them. Many religions paint the natural world as existing to serve humanity—
for instance, “Do you not see that Allah has made what is in the heavens and what is in
the earth subservient to you, and made complete to you His favors outwardly and in-
wardly?” (Quran 31:20, n.d.). Humanity is sometimes cast as the caretaker of the world.
In the wake of new information regarding the world’s environmental challenges, for
example, many nondenominational Christian churches are embracing environmental
issues, taking action in their appointed roles as caretakers.

Finding a Common Currency

Looking at the broad questions of world cultures and global sustainability, a UNESCO
(UNESCO & UNEP, 2002) panel offered the following analysis:

The perceived separation between biological diversity and cultural diversity obscures the reality
that both diversities are mutually reinforcing and mutually dependent. We cannot understand
and conserve the natural environment unless we understand the human cultures that shape it.
Each culture possesses its own sets of representations, knowledge and practices. Human action
with respect to the environment, including management itself, is a social act and an expression
of culture. (p. 8)

This connection between cultural and biological diversity and sustainability may be
of help in striking a balance between the need for global environmental standards and
the practicalities of local environmental action.

One problematic aspect of the quest for sustainability is the difficulty of comparing
the impacts of different types of actions. Many different actions—such as recycling, fly-
ing in airplanes, eating beef, or using the stairs at work—have substantial environmen-
tal impacts. Each of these actions, and the thousands of other choices that we make
unconsciously every day, have ramifications, but the details of those effects are rarely
clear. Coming to an understanding of how these impacts relate to each other—which
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are the great offenders or great success stories—could help us adjust our resource alloca-
tion decisions in a more informed way.

The concept of a carbon footprint has developed into a common currency for many
environmental concerns. There are numerous carbon footprint calculators on the Web,
and carbon cap-and-trade systems have been proposed as ways to reduce civilizations’
environmental impact. All of these systems rely on effective measuring of CO, emis-
sions, which is nontrivially complex. Many other environmental concerns, though,
may not be convertible into CO,, such as habitat destruction and species extinction.
Just as there are nontrivial challenges to establishing the carbon footprint of most
objects and actions, similar challenges are likely to exist with any metric by which to
compare environmental impacts due to the inherent complexity of the systems in-
volved.

Individuals

In addition to the range of biological and cultural predispositions that affect human
decision making, individuals develop concern for environmental issues through a
range of processes, such as direct experience, learning, and social support.

Direct Experience

We humans place value on the world around us partly through our direct interac-
tions with different ecosystems and environments. As an example, in some parts of
the world a large percentage of people’s food comes from foraging in undeveloped
wilderness. In other places people go camping or kayaking for entertainment. Both of
these cases involve people finding personal value in ecosystems where too much hu-
man competition detracts from that value. Based on these experiences, people may be
predisposed to acting to ensure future access to these ecosystems.

Taking a story from my own experience, I have been a surfer for about eighteen
years. In the past several years, however, since moving to California after graduate
school, I have discovered firsthand that there is a correlation between rain falling and
me getting a sinus infection. Apparently the rain washes pollution from the Los Ange-
les basin into the ocean, which then causes high bacteria levels, which then cause sinus
infections and other illnesses. A bit of research revealed this correlation to be a well-
known causative relationship (Connelly, 2008; Lambertson, 2009; Surfrider.org, 2009).
Once it became apparent that my personal discomfort (sinus infections) was directly
tied to an environmental problem (water pollution), I vowed to use each hour during
which rain prevented me from surfing to work on environmental projects.
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Learning

People also learn to care about environmental issues through various educational and
learning experiences. The “Roper Report” suggests that 95 percent of Americans sup-
port the practice of teaching schoolchildren about environmental concerns (National
Environmental Education Foundation, 2000). As will be discussed in greater depth in
chapter 6, environmental topics are included in both the U.S. National Science Educa-
tion Standards (National Academy of Sciences, 1995) and various state science content
standards such as those in place in California (California State Board of Education,
2004). In addition to environmental learning in formal educational contexts, many
people engage in self-directed learning about environmental topics, reading books,
watching nature documentaries, and visiting parks to broaden their understanding.

Social Support

Various kinds of social support may also encourage environmental thinking. People
may find satisfaction in participating in events organized by the Sierra Club or similar
organizations. They enjoy receiving acknowledgment from their social group. Having
other people to talk, celebrate, and commiserate with is an important part of human
social experience. Moreover, having other people with similar lives going through the
same environmental transformations could be helpful to the process of sticking with
new habits and decisions.

People may have an easier time adhering to some behavioral choice if they believe
that their actions are being mirrored by many other people, and thus are having a
significant impact collectively. Besides the feeling that other people are acting in the
same way, there is an awareness that, if many people are taking a certain set of actions,
then support structures for those actions will spring up, if they do not already exist.
For example, the more people buy electric cars, the more financial incentive there is
for someone to open a charging station nearby. As will be discussed in chapter 8, many
different systems are arising to support collective action.

Challenges
Despite various personal and social factors that encourage environmental thinking and
action, there are a number of challenges that stand in the way of sustainable living on
a large scale. Several cases come to mind from my own personal experience, each of
which (temporarily) dampened my environmental enthusiasm.

One night when I was working late at the research lab at MIT where I did my gradu-
ate study, I saw the cleaning crew come around with their large trash can. As they went
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through each room, they emptied both the small trash cans and the recycling bins into
the same large trash can. Seeing this made me realize how many stages there are be-
tween many environmental actions and their ultimate impact on the world. Action or
inaction by other individuals at each of these stages can render irrelevant any actions
that one has taken. In the cleaning crew’s defense, I have seen many white paper recy-
cling bins filled with plastic bags, Styrofoam containers, apple cores, and an assortment
of nonwhite paper objects. Nevertheless, having the recycling emptied into the trash
undermines some effort and a lot of environmental goodwill. This particular event re-
ally drove home for me how important it is for organizations, as well as individuals, to
take action and ensure vigilance.

A second example came when my old car broke down, and I was contemplating
buying a hybrid Toyota Prius, which had received a great deal of good press for being
the environmentally friendly choice. My friend then offered that the Ni-MH batteries
in the Prius are bad environmentally—so much so that the environmental footprint of
the Prius was similar to an SUV. He later offered that he could not back that statement
up with evidence, but on researching the Prius later it does appear that the manufactur-
ing of the car off-loads a lot of the environmental impact of it from visible issues such
as gas consumption onto less obvious ones such as battery recycling. An awareness of
the entire life cycle of an object is critical to understanding its impact.

A third example comes from a course that I teach, titled Social Analysis of Com-
puterization. I cover a number of issues in this class relating to computing and the
environment. When I teach the environmental section, I ask students why they think
that environmental issues are important. Once, I had a student raise his hand and
offer, “There’s nothing we can do about them [environmental issues], so they don’t
matter.” I was a little taken aback by this stance. We discussed his proposition a bit, so
that I could understand it fully. I came to recognize that this student and presumably
many others felt that environmental issues were too vast for them to have any impact.
In addition, I felt that there was some resistance to this set of ideas—the student was
uncomfortable with the whole topic. I did my best to present concrete illustrations of
ways that we all could do something about environmental issues. I also offered that,
even if there were nothing we could do about it, a large population reduction would,
in fact, matter a great deal. The student agreed, if somewhat grudgingly.

These examples are unique to my own life, but are indicative of the kinds of experi-
ences that might discourage a person from engagement with the effort to live sustain-
ably. All three arise from the overwhelming complexity that underlies most environ-
mental issues.
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Broadening Horizons

The key problem faced by many efforts to address environmental issues is one of ho-
rizons. Essentially, we humans do not tend to concern ourselves with issues that tran-
spire on scales of time, space, or complexity beyond certain limits; they are beyond
our horizons. To demonstrate the difference between human and environmental time
horizons, for example, consider the following. The interest rate for a thirty-year mort-
gage is currently 5.10 percent per year. This rate provides some insight into the time
horizon with which many people currently think, at least those living secure enough
lifestyles to worry about mortgages. (Human time horizons change profoundly when
the individual is in danger, faced with starvation, etc.)

For environmental issues, the time horizon could be modeled by the current species
extinction rate—approximately 0.25 percent annually, based on approximately twenty
million existing species, and fifty thousand going extinct each year (Olson, 2005). Seen
on the time scale of an individual person (less than one hundred years), the species
extinction rate does not seem to have much effect. A hundred years later, the person
will likely be dead, inflation may have caused the value of uninvested money to have
dropped dramatically, and yet 80 percent of the species will still be alive. Looking at
these same phenomena on a longer time scale, however, it becomes apparent that spe-
cies are declining at an alarming rate. There are nonlinearities in environmental im-
pacts as well—thresholds where the graph is not smooth (e.g., ecological tipping points
where the loss of one additional species makes the loss of many others inevitable).
Nevertheless, getting people to care about something that will happen long after they
have died remains a challenge.

To address environmental issues effectively, human civilizations must adopt hori-
zons broad enough for us to understand problems that occur over hundreds of years
and thousands of miles, and take meaningful action based on that knowledge.

Despite our propensity for satisfying short-term needs, humans are nonetheless able
to postpone the gratification of our immediate desires for long-term ends. Instead of
grabbing someone else’s food from their table at a restaurant, we order our own food
and pay for it at the end. Even better, we are sometimes able to develop ways of gratify-
ing our immediate desires while serving our long-term goals. Intelligence, one of the
areas in which humans excel, can lead to better short-term and long-term outcomes,
for instance, by discovering opportunities for efficiency that both increase profitability
and reduce resource consumption (von Weizsdcker, Lovins, & Lovins, 1998).

One of the great human abilities is our ability to see into the future. In addition to
our ability to eat when we are hungry, we are (sometimes) able to save money, not eat
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too many fatty foods, and spend multiple years in educational efforts to attain future
benefit. This ability to sacrifice immediate benefit for even greater future benefit—post-
poning gratification until a later time—is a key part of the reason humans have thrived
around the world.

Still, we are only willing to perform certain kinds of self-sacrifice for future gain. If
I were to ask you if you would like five dollars now or six dollars fifty years hence, I
expect that most of the readers would take the money now. Why is that? It might be
because you would think you could make more than 20 percent gain over the next fifty
years. It might be because you suspect that I might not still be around to give you the
six dollars in fifty years. It might be because you had heard the old saying, “A bird in
the hand is worth two in the bush.” The economic concept of present discounted value is
based on the notion that money now is worth more than money later.

People are most effective when thinking on the scale of a single human existence,
rather than on those that are much longer or shorter, or bigger or smaller. This pre-
dilection lies at the heart of the world’s environmental issues. It is hard for us to un-
derstand issues at the scale of the global ecosystem, and the scale of several decades or
centuries. While graphs or news stories may help to make the issues clearer, we still are
able to put these long-term and large-scale issues out of our minds in favor of shorter-
term, smaller-scale issues such as, “Do my children have enough food this morning?”
or “Did I remember to turn off the stove?” This focus on narrow problems is not unique
to individuals; corporations and governments are often shortsighted as well. Accord-
ing to the director of an environmental NGO who was cited in the Smart 2020 report,
“Even though there is a good business case, Chinese companies either do not trust the
business case or take a short-term view. They prefer upfront cash to promised future
cash flows” (Climate Group, 2008, p. 35). When people do think about phenomena
that are psychologically distant, though, they tend to think about those issues in high-
level and abstract ways that may lend themselves to addressing environmental issues
(Trope, Liberman, & Wakslak, 2007). IT can help people engage with these distant
phenomena and provide the tools to take local action.

Although many people adhere to narrow horizons when planning for the future,
there is a compelling argument that the lack of concern for global climatic disruption’s
impact only makes sense in the context of positive rates of return. When the analysis
includes the possibility of declining worldwide consumption, even if this downturn
does not start for fifty years, making investments to mitigate climatic disruption is
economically rational (Dasgupta, 2006).

The fact that most of us are more focused on our own local problems does not solve
the broader environmental problems looming on the horizon. Extending the spatial
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metaphor, it is critical that we attend to these issues in the distance before they become
insurmountable obstacles right in front of us. Luckily, humans have a long history of
using technology to augment our capabilities to address large problems such as hunger
and warfare. Technology may help address the growing global environmental concerns
as well.

People are good at thinking about events that occur on human scales of time and
space. We evolved to deal with problems of food gathering, immediate danger avoid-
ance, and proximate reproductive success. Since we did not have the capabilities to
understand or act on phenomena that occurred over centuries or thousands of miles,
we did not develop the cognitive apparatus to comprehend these scales effectively. As a
result of scientific advances, however, we are now in a unique position in the history of
living things to work together as a culture to understand problems that occur on much
longer time scales and over much larger areas, and enact well-informed change to make
life better for ourselves and our descendants. Nonetheless, we need theoretical and
technological assistance to help us think about these phenomena and act effectively.
We need tools and techniques that will enable us to comprehend vast (from a human
point of view) phenomena. Understanding the commonalities across different kinds of
change on different scales of time and space, from near-term disasters to vast climate
change, can enable people and institutions to launch timely, efficient, and appropriate
responses in ways that previously were not possible.

A human-centered approach to the world’s environmental issues can help explain
how humans and our IT have contributed to the current environmental challenges,
and how humans and IT can help resolve these issues. This chapter has discussed key
factors in humans’ perspective on environmental themes. In particular, it has focused
on the biological underpinnings for the narrow horizons that dictate much of human
behavior, and sought to understand how cultural phenomena enable us to operate on
broader scales.

The next chapter considers how technologies and the social systems that interact
with them help address this issue.



4 The Role of Technology

Technology is neither good nor bad; nor is it neutral.
—Melvin Kranzberg, 1986, p. 545

Many different definitions of technology are available, each of which provides a dif-
ferent view into the role technology plays in human affairs. The Greek roots—techne
+ logia—suggest that it is the “study of craft.” The Oxford English Dictionary provides
the following definition: “A discourse or treatise on an art or arts; the scientific study
of the practical or industrial arts” (OED.com, 1989b). Computing pioneer Alan Kay
is reputed to have stated that technology is “anything that wasn’t around when you
were born.” Author Arthur C. Clarke offers that “any sufficiently advanced technology
is indistinguishable from magic.” (Clarke, 1973, p. 21) (Author Larry Niven is supposed
to have inverted this comparison, suggesting that “any sufficiently advanced magic is
indistinguishable from technology.”) Taken together, these descriptions provide some
functional, temporal, and practical sense of how technology impacts humanity.

Tool use is closely bound up with technology. Humans are particularly crafty with
our use of tools. We use tools to affect our world. In fact, in an earlier era tool use was
seen as a characteristic that distinguished us from “dumb animals” until those nearly-
as-crafty chimpanzees demonstrated that they could use tools. We use tools to make
other tools, which nearly separated us from the chimpanzees, until researchers found
them doing it, too. We are, however, perhaps the only organism to have a firm cogni-
tive grasp of the recursive nature of tool use; we use tools to make tools to make tools
to make tools, and understand that we can keep layering on more tools until we get
what we want or run out of resources. Researchers have suggested that chimpanzees
have a working memory of size two (that is, that they can hold only two items in their
memory at a time), and therefore are not capable of recursion (Read, 2006).

Because humans are so skilled with the development and deployment of new tools
and techniques, technology often ushers in profound changes to the social status quo.
These changes are not always welcomed by all parts of a society. Niccoldo Machiavelli
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(1532) offered that “the innovator has for enemies all those who have done well under
the old conditions, and lukewarm defenders in those who may do well under the new.”
We have seen vast changes in global civilizations over the last decade, century, and
millennia, from the development of the personal computer, to the utilization of fossil
fuels, to the widespread use of the books enabled by the printing press.

IT is among the most powerful and rapidly growing forms of technology in use
around the world. It has enabled new forms of communication, new ways to store
and manipulate data, and new kinds of entertainment, among its many impacts. The
social contexts in which IT systems operate are critical to understanding how future IT
systems could and should be designed. The interactions between technologies and the
social systems in which they are embedded are of profound importance to how tech-
nologies affect people. This chapter explores some of the ways in which technology
and sociotechnical systems factor into the world’s current environmental challenges.

The [information and communications technologies (ICT)] sector has a unique ability to make
energy consumption and GHG emissions visible through its products and services. Radical trans-
formation of infrastructure is possible only if it is known where inefficiency occurs throughout
the processes and workflows of various sectors in the economy. ICT can provide the data, which
can be used to change behaviours, processes, capabilities and systems. Although isolated efficien-
cy gains do have an impact, ultimately it will be a platform—or a set of technologies—working
coherently together that will have the greatest impact. (Climate Group, 2008, p. 14)

Beyond just providing the data for human decision making, IT can change the ways
in which people relate to environmental questions, leading to new ways of thinking,
living, and engaging with the world around us.

Technology as Multiplier

Technologies are designed to provide a multiplier effect on human effort. They em-
power us to take action on larger scales of time and space with less personal effort.
Eyeglasses help us see more clearly; tractors help us till fields; bombs help wage war;
and computers help process information. By magnifying the impact that individuals
and groups have on the world, technology is an enabler of human behavior.

The fact that people use technology to do more with less effort has had some pecu-
liar social effects. Clay Shirky discusses the impact of technology on society, starting
with the Industrial Revolution. Citing an unnamed British historian, he suggests that
gin was the most important technology in the early stages of the Industrial Revolution.
Faced with the social transformations involved in moving from rural areas to cities and
greater amounts of free time, people drank alcohol rather than engaging in more con-
structive endeavors. Shirky (2008) sees a parallel in the twentieth century:
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If I had to pick the critical technology for the 20th century, the bit of social lubricant without

which the wheels would’ve come off the whole enterprise, I'd say it was the sitcom. Starting

with the Second World War a whole series of things happened—rising GDP per capita, rising

educational attainment, rising life expectancy and, critically, a rising number of people who were

working five-day work weeks. For the first time, society forced onto an enormous number of its

citizens the requirement to manage something they had never had to manage before—free time.
And what did we do with that free time? Well, mostly we spent it watching TV.

Shirky goes on to talk about the positive impacts that could come from human
civilizations using some of the “cognitive surplus” that people currently pour into tele-
vision watching for more constructive ends. He provides a new unit of measure—the
wikipedia—to help understand the magnitude of the surplus. A wikipedia represents
one hundred million hours of human thought—the amount of time used to create all
parts of Wikipedia, from the computer code to the content. While this number may
seem large, Shirky counters that people in the United States alone watch two hundred
billion hours of television every year, or two thousand wikipedias. Perhaps more dra-
matically, U.S. television watchers spend a full wikipedia of thought every weekend
just watching the advertisements (Shirky, 2008).

This idea that people could take some of the billions of hours spent watching televi-
sion and instead channel it into projects that involve working collaboratively with oth-
ers to create, innovate, or construct knowledge lies at the heart of what Henry Jenkins
(2006) has called “participatory culture.” Along similar lines, John Thackara (2005)
suggests that we should “treat ‘content’ as something we do, not something we are
sold” (p. 8). Because of the multiplier effect of technology, we can have a vastly greater
impact with our time and effort; how we use this augmented effectiveness will be an
important factor in the coming years. If even a fraction of the people in the world used
a greater part of their time developing Green IT systems, the collective impact could
be very great.

A Double-edged Sword

The cultural mythologies surrounding technology can take on radically different forms.
One such mythology is that technology can save us from ourselves, positing that new
technological innovations will banish our current ills and enable a techno-utopia. An-
other is that technology will be humanity’s demise, as featured prominently in movies
such as The Terminator and The Matrix, where people’s technology becomes sentient,
gets uppity, or otherwise runs amok. Technology often feels strongly valenced (i.e.,
polarized along a good-bad axis).
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Rather than technology itself being inherently positively or negatively valenced,
though, it is only as good or bad as the uses to which it is put by people. Technology
empowers humanity; whether technology is good or bad therefore depends on how
one views the human activities empowered by it.

This is not to say that specific technologies do not provide a bias on the aspects of
human activity that it empowers. This distinction between the broad topic of “tech-
nology” (the study of practical arts) and “a technology” (a specific tool or technique
used for some purpose) is important in this analysis. As will be discussed later, specific
technologies are designed, and as such tend to be particularly good at some specific
task. The specifics of each technology and the ways in which people are able to interact
with it bias which human behaviors are empowered by it.

Technology as a whole is only as good or bad as humanity itself. For optimists, tech-
nology might seem like cobblestones on a path to utopia; it helps us succeed in being
good, just a little faster than we did before. For pessimists, technology helps us destroy
things and hurt each other like we always have, but now a little bit faster and more
effectively than before. Instead of looking to technology to solve our problems or wait-
ing for technology to destroy us, we instead need to look to people to solve problems
(facilitated by technology) or figure out how to keep people from destroying each other
(with the job made easier by technology). Humans create technology, humans take ac-
tion, and humans use technology to make our actions have more impact. What impact
we will have depends on ourselves more so than it does on technology as a whole.

Underlying a belief in the net usefulness of technology is a basic optimism about
humanity—that the technologies that will be designed, and the uses to which people
will put them, will make things better in the future. If humans are seen as inherently
bad, then technology will only make us destroy ourselves more rapidly. This book
tends to the more optimistic approach toward humanity and thus humanity’s use of
technology.

Technologies Are Designed

While it might be more soothing to think about technology as being somehow respon-
sible for humanity’s actions, thus obviating the need for our own accountability, it is
important to remember that technologies are designed by people, either explicitly dur-
ing some manufacturing process or implicitly during their recruitment for use. The way
the technology itself works makes it better for certain tasks than others. Hammers are
good for hammering, and less good for removing screws or making omelets.

The process of creating a technology allows designers to have some control over
how that technology will be used (Norman, 1988). By manipulating many different



The Role of Technology 67

aspects of the technology—such as functionality, interface, documentation, and mar-
keting—designers can affect how people will tend to use it.

For example, in the design of a hammer, the placement of a soft grip that is con-
toured to accommodate fingers may make it more likely that people will hold the cor-
rect end of the hammer for its intended usage. One could certainly hammer, albeit less
effectively, by holding the curiously shaped metal end and whacking a nail with the
softer, lighter end. On experimentation with a new tool (which people are reasonably
skilled at), however, people may tend to gravitate toward the usage style intended by
the designers.

The design process is inevitably constrained by the past experiences and worldviews
of the people doing the designing. Ultimately, technologies are designed by individual
humans or teams of humans, rather than by corporations, nonhuman animals (except
perhaps for the occasional tool-using chimpanzee), or ecosystems. Therefore, technolo-
gies tend to be designed for individuals or teams of humans, rather than for the needs
of other entities. While human designers sometimes endeavor to enable their designs
to work well for corporations or serve the needs of animals, we do not have as intuitive
a grasp of the constraints and opportunities of systems designed for use other than by
individual people; we are thus less skilled at designing technological systems that serve
humanity in general or all living things as a whole.

People Use Technologies, But Not Always as Intended

To understand how technologies impact the world, it is necessary to consider not just
the design of the technologies but also the ways in which people use them. Human
systems are changed by the technologies that they use; examining the wide range of
interactions between humans and technological systems can shed light on the tight
entanglement between people and technology.

Same Goal, Different Technologies
When undertaking a given task, people may have a variety of technologies at their dis-
posal. When trying to measure a window, I could use a tape measure, a piece of string,
and a ruler, my hand (which I know is about 9 inches from the tip of my thumb to the
tip of my pinkie), or a piece of 8.5 x 11 inch paper (folded in half or quarters if I need to
increase the accuracy of the measuring). Different technologies offer different advan-
tages and challenges in undertaking a certain task—ease of use, accuracy, availability,
social acceptability, and so on.

There are numerous decisions involved in selecting the best technology for a given
task. For example, should one use a technology that is at hand, go find a superior tech-
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nology that exists but is not immediately available, or invent some new technology to
address the problem? Understanding the relative merits of many different technologies
for a given set of tasks is a large part of what makes people “experts” in certain domains.

The merits of a given technology may be subjective, based on what else is available
and practical to use. As my classmate at MIT Ken Russell once said while discussing the
variety of debugging tools, “When printf’s all you have, it’s still pretty good.” The C/
C++ function “printf” simply prints text to the output screen and may be inferior to
more newfangled debugging systems, but if those systems are not installed or other-
wise available, printf may still be perfectly serviceable. A corollary of this idea is that
the suite of technologies at a person’s disposal changes the way any new technology is
perceived. Providing home-builders with hammers when they have only rocks for tools
may be a big improvement, but if they already have nail guns, the hammers may not
have the same luster.

Same Technology, Different Goals

Also relevant are the ways in which people use the same technology to pursue differ-
ent goals. People will co-opt technologies for a variety of different goals, sometimes
effectively, and sometimes with disastrous results (such as in the story passed among
technical support staff and systems administrators of a novice computer user who at-
tempts to use the CD drive on a computer as a cup holder).

As the old saying goes, “When you have a hammer in your hand, everything looks
like a nail.” People with experience using a certain tool or technique may apply it in
a wide variety of settings, only some of which may be well matched for it. This mul-
tipurposing of technologies may be intended or unintended by the original designer.
A computer may be used to write a paper, play a game, or send an email—all uses
intended by the designers—but it may also be used to hammer a nail into a piece of
wood—a use presumably not intended, since a computer makes an expensive, fragile,
and not particularly effective hammer.

As mentioned in chapter 1, Simon (1996) wrote: “Everyone designs who devises
courses of action aimed at changing existing situations into preferred ones” (p. 111);
similarly, everyone designs who co-opts technologies for new purposes. In his book
The Hidden Connections, Fritjof Capra (2002) discusses the interplay between emergence
and design. He offers a challenge: “to find the right balance between the creativity of
emergence and the stability of design” (p. 121). While technology is designed, the un-
expected phenomena that emerge around new technologies demonstrate that design-
ers can only be partly in control. By leaving room for new uses to emerge, designers
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can help users of a technology to be designers as well, developing new ways to utilize
existing technologies.

Because people are willing and able to repurpose technologies, understanding the
human context of a technology is necessary to understand how the technology will
be used (rather than how it should or could be used). That context is multifaceted, in-
volving many different aspects of human lifestyles and desires. Understanding social
context has been growing in importance in human-computer interaction and other
fields over the last several decades (see, for example, Dourish, 2001; Suchman, 1987).

As we rush along, embedded in our physical and social contexts, in pursuit of what
we want, designing and innovating as we go, we often bring about consequences be-
yond those we initially intended. Sometimes these side effects are good, such as when
an innovation called the Internet, intended to facilitate research and maintain the
military chain of command during a nuclear war, allows me to have movies streamed
to my computer. At other times they are less good, such as when the chemical technol-
ogy dichlorodiphenyltrichloroethane (DDT), intended to increase agricultural produc-
tivity, accidentally poisons large portions of the global ecosystem (Carson, 1962). To be
fair, it is important to represent the wide array of impacts of any of these technological
advances: streaming movies uses electricity and keeps me from going out of the house,
while DDT helped reduce malaria among soldiers in World War II. Regardless of the
range of impacts, it is not possible for innovators to comprehend all potential uses and
effects of a technology.

Same Technology, Same Goal, Different Usage

To illustrate another way in which human ingenuity affects the use of technologies,
consider the abundance of different ways to use the same technology in the apocryphal
story of a certain physics student. When asked how to measure the height of a build-
ing using a barometer, the student offered seven different ways to do so—tie a piece of
string to it, lower it to the ground, and measure the string; drop it and measure how
long it takes to hit the ground; set it next to the building, measure the length of the
shadows of both building and barometer, and use proportional arithmetic; swing the
barometer like a pendulum both at ground level and the top of the building, finding
the height via the gravitational restoring force; walk up the emergency exit and mea-
sure the building in barometer lengths; measure the air pressure at the top and on the
ground (presumably the desired answer); and go talk to the janitor and say, “If you
would like a nice new barometer, I will give you this one if you tell me the height of
this skyscraper” (snopes.com, 2007).
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We humans are remarkable in our ability to come up with an abundance of viable
solutions even when our actions are constrained. This very robustness in our capacity
to adopt and co-opt new technologies makes the study of technology and its interac-
tions with society challenging as well as rich with opportunities. Many of these oppor-
tunities will have significant impacts on the environmental sustainability of human
civilizations.

Metaphors

A large part of how people use technological systems is determined by the metaphoric
framing through which we engage with those systems. Metaphors are a crucial part of
how people think, helping us construct our understanding of the world we inhabit (La-
koff & Johnson, 1980). We use metaphors to understand new objects, processes, ideas,
and settings by relating them to phenomena that are already familiar.

The history of computing is full of many different metaphors. Computers show a
clear legacy of the “computer is a typewriter” metaphor, featuring the printing of text
documents, alphanumeric keyboards, and especially the return key (which is short for
a typewriter’s “carriage return”). Notebook computers have a metaphor right in their
names—a connection that elicits note taking, drawing, and portability.

Among the most pervasive metaphors currently in use in computing is that of the
virtual desktop. A number of alternatives to the desktop interaction paradigm have
been proposed, including an agent-based theatrical one with a speech interface (Ne-
groponte, 1991) and a 3-D windowing metaphor where the computer is a collection of
portals through which a user passes to access different parts of a 3-D world (Smith, Kay,
Raab, & Reed, 2005). These metaphors cause the user to approach the computer with a
predominantly visual and aural interaction.

A conscious attention to the metaphors relating to various technologies can enable
the design and deployment processes to help a technology have the intended effect.
While the embedding of metaphors in technological innovations is an inevitable effect
of the process of human ingenuity, doing so only via intuition, rather than also reflect-
ing consciously on the metaphors in use, may limit the design process.

Environmental Impacts of IT

While the main focus of this book involves the potential benefits of Green IT, it is
important to consider the environmental impact of the IT sector itself. A Gartner pre-
sentation titled “Green IT: The New Industry Shockwave” (Mingay, 2007) organizes the
environmental impacts of IT systems into three categories: first-order, second-order,
and third-order effects. The first-order effects are those that arise as a direct result of the
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existence of the technology. Among the first-order effects, Gartner includes GHG emis-
sions, e-waste, hazardous substances, and the use of scarce and nonrenewable resourc-
es. While the second- and third-order effects (e.g., the optimization of transportation
systems) are discussed throughout the rest of the book, this section addresses explicitly
the first-order environmental challenges that accompany IT.

GHG Emissions

One of the key challenges that IT faces is the issue of power consumption and its ac-
companying GHG emissions. Due to the power consumption of all the processing that
humans use, from Web searches to mobile phone calls, one’s computational footprint
is becoming a nontrivial part of one’s carbon footprint. There was a recent debate
online over the carbon footprint of a search of the World Wide Web via the Google
search engine (Kincaid, 2009), with Jonathan Leake and Richard Woods (2009) sug-
gesting that a search produces 7 grams of CO, (about half the amount needed to heat a
pot of tea), and Google rebutting that figure with its own estimate of 0.2 grams of CO,
(Holzle, 2009). Regardless of the precise figure, power consumption is clearly a major
issue for the search company; Google has begun putting its server farms on the banks
of the Columbia River in Oregon, in its quest to find economical power supplies for the
vast amount of processing that it performs (Strand, 2008).

As another example, Nicholas Carr (2006) did the math to demonstrate that an
avatar in the online world “Second Life” consumes approximately as much energy as a
real-world Brazilian citizen. When I asked the chief technology officer of Linden Lab,
maker of Second Life, about this article, he offered various ways in which the calcula-
tions were off by several multiples. Nevertheless, even if a Second Life avatar has the
impact of just one quarter of a Brazilian, it is still striking evidence of the substantial
power draw of IT.

Overall, the ICT sector is responsible for approximately 2 to 2.5 percent of global
CO; emissions (Mingay, 2007; ITU, 2008). Figure 4.1 shows how this amount is broken
down across various areas.

The power consumption issues of IT are even more of a concern when one consid-
ers the great capacity that each human has for being supported by computing. While
one individual can only wear as much clothing as will fit on one body and carry only
so many physical objects, a simple mobile phone could be a portal into a vast amount
of computing resources. As search, multimedia, and artificial intelligence techniques
become more powerful, they will have correspondingly more power demands. Despite
Moore’s Law, which predicts that we can fit more and more processing into a smaller
and smaller space, we are still increasing our IT power demands dramatically.
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ICT’s global carbon footprint. From data in (Mingay, 2007).

Electronic Waste

A great deal of effort in technology corporations and computing researchers alike is
the generation of the “next big thing.” However, much less attention is paid to what
happens to the last big thing. Microsoft’s Vista operating system, for example, did not
run on many of the computers in use around the world, thereby necessitating the re-
placement and discarding of the old computers. Discarded technology is a substantial
environmental issue.

The rapid turnover rate of IT and resulting obsolescence of old computing devices
is leading to a great deal of e-waste around the world. This waste is often discarded in
countries other than those in which it was produced and used. This transportation
shifts much of the e-waste burden from the industrialized nations, where technology
is more ubiquitous, to the nonindustrialized nations, where regulation and oversight
is less vigorous.

Basel Action Network is among the most well-known watchdog organizations re-
garding e-waste. Its videos, such as The Digital Dump: Exporting Re-use and Abuse to Africa
(Basel Action Network, 2008), showcase the problems of e-waste in the locations where
it is ultimately disposed (see figure 4.2).

Hazardous Substances
E-waste contains a variety of toxic chemicals, such as the lead used in CRT screens.
The effect of toxic residues that enter water systems and food chains from discarded



The Role of Technology 73

Figure 4.2

Migrant child from Hunan Province sits atop one of countless piles of unrecyclable computer
waste imported from around the world. Guiyu, China. December 2001. Photo and caption ©
Basel Action Network. Reprinted with permission.

computers and other technologies is rapidly becoming a global problem. Although
manufacturing practices for appliances and digital technologies are improving, using
fewer toxic materials and greener production processes, the sheer scale of production
in a global economy results in a growing e-waste problem. Toxins from discarded tech-
nologies end up in the water and food of the poorest countries where waste disposal is
an industry, and where disposal uses expedient rather than safe techniques (see figure
4.3). Consumer programs to recycle and reuse technology are in place in many loca-
tions around the world, but through a lack of understanding, people do not avail them-
selves of these opportunities.

Scarce and Nonrenewable Resources

The production of IT devices uses an array of scarce, nonrenewable, or otherwise prob-
lematic resources such as lead, mercury, and cadmium. Nokia (2009) provides a list
of the twenty-six categories of substances that have been banned or are otherwise re-
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Figure 4.3
Molten television. Use of brominated flame retardants and heavy metals in plastics by manufac-

turers such as Sony create dangerous emissions when burned and disposed in this way. Lagos,
Nigeria. Photo and caption © Basel Action Network. Reprinted with permission.

stricted in the production of its technologies (Nokia, 2009); nevertheless, some or all of
these materials may still be in use by other technology manufacturers.

Coltan, in particular, has become indicative of the global problems caused by the
materials used in IT systems. This metallic ore is refined to produce tantalum, which is
used in the production of capacitors, which are found in nearly all mobile phones, lap-
top computers, and many other devices (Democratic Republic of Congo, 2009). Coltan
mining is implicated in the ongoing civil war in the Congo and has contributed to the
endangerment of the eastern lowland gorilla (National Public Radio, 2001). Neverthe-
less, the ongoing demand for coltan makes it unlikely that mining it in the Congo will
cease any time soon.

The IT sector is growing rapidly. The Smart 2020 report forecasts that the global
number of personal computers will increase to over four billion by 2020, more than six
times as many as there were in 2002 (Climate Group, 2008), and many other kinds of
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devices are spreading rapidly as well. The use of scarce resources and potentially dan-
gerous materials is likely to continue to be a substantial problem for the IT industry and
the ecosystems that are impacted by it.

IPAT

Technology has long been responsible for helping people exploit the world around us
as effectively as possible. The multiplier effect of technology as it relates to environ-
mental impact is featured clearly in an equation called IPAT. This equation posits that
environmental impact (I) equals population (P) times affluence (A) times technology
(T) (Commoner, 1972). Essentially, the environmental impact of a group of people is a
product of the size of that group with the amount of consumption they engage in and
the effect of the processes they use to engage in that consumption. While this equation
has some flaws (e.g., twice population does not lead to precisely twice the impact), it
nevertheless highlights the key role that technology plays in the impact of humans on
our environments.

The Downside of Techno-Utopianism

A more subtle impact of IT that makes it potentially problematic for environmental
action lies in the broad appeal of techno-utopianism. For many people, there is a sense
that technology has fixed our problems in the past, and so it is really just a matter of
time until the technologists come up with a whiz-bang gadget that will solve all our
future problems as well. Unfortunately, this hope enables an abdication of personal
and collective responsibility for the world’s unsustainability. People will need to use
IT systems in sustainable ways; designers can only provide us with systems that lend
themselves to sustainable use. While one of the key points of this book is that IT may,
in fact, be able to assist with a concerted human response to the growing environmen-
tal concerns, it is important for us to remember that it is ultimately a human response;
technology can simply aid in the effort.

Making IT Green

As discussed earlier, technology enables human activities, and as such is a double-
edged sword, particularly with regard to environmental impacts. The preceding section
considered the problematic aspects of IT. According to the Smart 2020 report, however,
the benefits of IT could outweigh its harm:

ICT can make a major contribution to the global response to climate change. It could deliver up
to a 15% reduction of [business as usual] emissions in 2020 (7.8 GtCO.e), representing a value of
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€553 billion ($872.3 billion) in energy and fuel saved and an additional €91 billion ($143.5 bil-
lion) in carbon saved assuming a cost of carbon of €20/tonne, for a total of €644 billion ($1,015
billion) savings. This saving in CO,e is more than five times the size of the sector’s own footprint
and its size demonstrates the important role an advanced communications platform can play in
the transition to a low carbon economy. (Climate Group, 2008, p. 51)

The remainder of this chapter focuses on how technology in general and IT in par-
ticular can help human civilizations become more sustainable, and how the technolo-
gies themselves can be made more sustainable as well. The broad challenge is to build
and use technology such that it enables us to live with an acceptable quality of life
without consuming more total natural resources than the nonhuman world is capable
of replenishing.

The central problem in our understanding of the need for sustainability is our rela-
tively narrow horizons for thinking about the future, distant places, and great complex-
ity. Since technology is often built to allow us to achieve our goals more effectively,
these narrow horizons have become built into our technology. These horizons become
self-perpetuating; the implication of our disposable technology culture is that we have
a high rate of discount for how good something will be later, and that new technolo-
gies will be in place to supplant it when that time comes.

Design for Sustainability
Several authors have substantially influenced my thinking about role of sustainability
in the design process.

Blevis’s (2007) sustainable interaction design paper and his upcoming book with
Elaine Huang (Blevis & Huang, forthcoming) provide an excellent description of the
relationship between sustainability and interaction design. They offer a framework for
understanding the material effects of interaction design and seeking to reduce the im-
pact of interactive systems. Specifically, they supply a rubric for assessing the impact
of designs, including consideration of ten items: disposal, salvage, recycling, remanu-
facturing for reuse, reuse as is, achieving longevity of use, sharing for maximal use,
achieving heirloom status, finding wholesome alternatives to use, and active repair of
misuse. The concept of an “heirloom technology” is especially noteworthy—a techno-
logical system that is not designed for prompt disposal, but rather one that gains value
with age, use, and history. In addition, they offer several principles for enabling sus-
tainability concerns to factor into the design process: linking invention and disposal,
promoting renewal and reuse, promoting quality and equality, decoupling ownership
and identity, and using natural models and reflection. By reimagining the role that
technologies can play in society, these researchers are helping enable interaction de-
signers to lessen the environmental impact of their designs.
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In Cradle to Cradle, McDonough and Braungart (2002) reenvision the notion of de-
sign, rejecting the traditional “cradle to grave” premise, in which design contributes
to a life cycle that transforms raw materials into waste while providing usefulness to
people. Instead, they propose that the design process should facilitate the process of
providing usefulness to people by mirroring natural ecological systems in which the
end products of one process become the raw materials for another process. Rather than
having manufactured goods end up in landfills, they should be designed in such a way
that, at the end of their usefulness to one client, their elements can be readily repur-
posed, serving as the “technical nutrients” for other products and services. The waste
from every product becomes the raw materials for some other product, integrating
reuse and “upcycling” (the process of using waste materials to create new products).
McDonough and Braungart offer many examples of how this way of thinking about
design already occurs, and potentially could occur across a range of industries and
domains.

In Factor Four—Doubling Wealth, Halving Resource Use, Ernst von Weizsdacker, Amory
Lovins, and L. Hunter Lovins (1998) explore ways of making many different areas of
human civilization more sustainable by looking for inefficiencies in resource use, and
redesigning to make systems increase their value to manufacturers by decreasing their
consumption of resources. By focusing on resource efficiency, designers can help de-
velop new kinds of systems that are a significant advance beyond current ones in terms
of both profitability and sustainability.

Similarly, in In the Bubble, Thackara (2005) presents ideas about how to use design
to shift from products to services, enabling new ways of living that are more socially
and environmentally responsible. He uses the concept of “lightness” to think about
how systems should be designed. Citing Natural Capitalism (Hawken, Lovins, & Lovins,
2000), Thackara claims that the waste matter in the production of a laptop is four
thousand times the weight of the laptop. He suggests that, instead of this kind of prod-
uct, which exerts a vast (and often unseen) weight on the world, we need services that
can help us have a similar quality of life without such a focus on the consumption of
goods.

We need fewer technologies that become obsolete or wear out quickly, and more
technologies that, by their form and function help reduce our discount rate and im-
prove our ability to delay gratification. We also need fewer that play into the dispos-
able, short time horizon culture that has led to the current environmental crisis.
Economists and politicians have to square the utter necessity of a rapid and controlled shutdown

of emissions from fossil fuel burning with the human needs of civilization. Economic growth is
as addictive to the body politic as is heroin to one of us; perhaps we have to keep the craving in
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check by using a safer substitute, an economist’s methadone. I would suggest again that the mo-
bile phone, the internet and entertainment from computers are moves in the right direction; they
use time and energy that might otherwise be spent travelling by car or aircraft. Moreover, there
is information technology and the efficient use of energy, for example using the ultra efficient
white light emitting diodes (WLEDs) to see at night. Should technology of this kind become the
main source of economic growth it would let us spend our lives harmlessly and fill some of the
time that now we use in fuel-consuming travel. To an extent we are evolving that way. (Lovelock,
2006)

James Lovelock makes a good point: that technology can help us live our lives in
ways that are less energy intensive than flying or driving. Nevertheless, mobile phones
and other computational devices generate an abundance of e-waste and consume a
large amount of power. As computational systems of many different kinds become
faster and more capable, they are likely to become even more resource intensive.

Technologies and sociotechnical systems can help address the world’s environmen-
tal concerns in several different ways, as will be discussed below; they can help us
think longer term, they can help us live longer term, and they can be designed to last
longer. In all three of these cases, they can supplant older technologies that are less
effective in these ways (although there is certainly a concern that the supplanting of
previous technologies is, in itself, playing into the rapid turnover rate of computing
technology). While personal lifestyle changes are only one part of a viable solution,
with political, corporate, and other institutional changes needing to take place as well
(Dourish, 2008), technologies that assist us in changing our minds can ripple through
these broader-scale domains of human activity.

Standards

One of the characteristics of IT that makes it particularly well suited to environmental
issues is that it features global standards. Civilizations thrive because of viable stan-
dards, such as laws (standards for behavior), money (standards for exchange), or cal-
endars (standards of time). IT provides another such standard, with computers around
the world agreeing about TCP/IP and other formats for exchanging digital information.

One of the reasons for the ICT sector’s success is that it has developed layers of internationally
standardised ways for machines to communicate with one another. International dialling codes,
which have been around for more than a century, or the .com domain names are both obvious
standards that allow rapid innovation and rollout of services. Protocols, or the rules that allow
machines to send messages between each other, are hidden to the average user but underpin the
internet’s rapid development. TCP/IP actually refers to a set of interconnected protocols that
support email and internet connectivity. XML, one of the specifications that underpin blogging
or social networking applications, also allows the development of applications that manage an
organisation’s supply chains. A stack of interoperable protocols allowing for the communica-
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tions between devices, applications and the standardisation of information exchange would al-
low more effective monitoring, control and minimisation of energy use and carbon emissions.
(Climate Group, 2008, p. 55)

Standards are necessary for efficient action on a large scale; otherwise, a great deal
of time and energy is lost negotiating about formats and procedures, rather than ad-
dressing the issue at hand. IT standards enable communication across the world, with a
broader reach than individual languages, currencies, and even calendars (e.g., in some
parts of the world 1/12/09 means January 12 and in others, December 1). Humans tend
to have a narrow horizon for complexity; standards, and especially the standards in-
volved in IT systems, can aid us in dealing with some of the complexity that surrounds
us in the world. By providing a platform for coordinated environmental action, IT can
help bring about global change in ways that were not previously possible.

In addition to the standards that underlie computing systems, the International
Organization for Standardization (ISO) has developed standards for the accounting for
and verification of GHG emissions. ISO 14064 provides “specification with guidance
at the organization level for quantification and reporting of greenhouse gas emissions
and removals” (ISO, 2006). In the process of accounting for GHG and other environ-
mental impacts, institutions of all kinds will require the precision of IT systems to
adhere to these environmental standards.

The need for standardization can be seen from two sets of statistics cited in the Smart
2020 report, which appear to conflict. First, on page 9: “Aside from emissions associ-
ated with deforestation, the largest contribution to man-made GHG emissions comes
from power generation and fuel used for transportation” (Climate Group, 2008). Then,
on page 14: “Of the total emissions from human activity in 2002, 24% was from the
power sector, 23% from industry, 17% from agriculture and waste management, 14%
from land use, 14% from transport and 8% from buildings” (Climate Group, 2008; cit-
ing International Energy Agency, 2008). These two sentences use different categories,
and appear to present different orderings of the key contributors to global emissions.
While there may be some agreement between the two statements, it is nevertheless
difficult to make useful comparisons without agreement on terms and the boundar-
ies between categories. This concern highlights a profound challenge in standardizing
ongoing environmental efforts.

Even successful standards still face the challenge of how to respond to new con-
ditions and new information, and adapt effectively. Standards may lead to calcifica-
tion, in which entrenched processes begin to block progress. Any viable set of stan-
dards should have a way to incorporate new knowledge and ways of operating. Just
as the U.S. government has Congress, which is tasked by the Constitution to make
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laws, thereby enabling that government to revise its own operation, so too should any
environmental and technological standards have a mechanism for adapting changing
circumstances.

Technologies That Help Humans Think Longer Term

As was discussed in the previous chapter, people often have a fairly narrow view of the
world. According to a senior executive for a logistics software provider, “People have
a tendency to look at a single element of the system rather than looking at the whole
system” (Climate Group, 2008, p. 39). Perhaps the most valuable way in which tech-
nology can assist people to live more sustainably is to help us take a broader view of the
world around us. Technology can do so in a number of different ways.

First, it can allow us to understand the impacts of our actions more clearly. There
is a great deal of information that is unavailable to us or not easy to access that could
help us see how our actions impact the world around us. Most of this information is
simply not provided because it would take effort on someone’s part to deliver it, and
there is no incentive (financial or otherwise) to do so. In addition, some information
on sustainability may be actively hidden by corporations or other organizations that
would be disadvantaged by its public knowledge. However, access to this information
could encourage more sustainable living. Arguing by analogy, a study found that sim-
ply keeping a food diary can significantly increase weight loss (Hollis & Weight Loss
Maintenance Trial Research Group, 2008); therefore, it seems likely that simply keep-
ing a diary of environmental impact could reduce one’s environmental footprint. The
challenge is that, while calorie information for most foods is easy to find, environmen-
tal impact information is not. Despite the lack of universally available environmental
impact information, there is nonetheless some information of this kind available, and
more is likely to be made public each day. By providing us with more contextual infor-
mation about the impacts of our lifestyles and actions, IT could help us think and act
in ways that reflect an awareness of long-term issues.

Second, technology can help us envision new ways of living. Rather than being
stuck in a rut of living the same way that we always have, new technology can enable
new ways of thinking about our own lives, and new ways that we could choose to live.
These ideas can come from other people sharing insights or from our own meditations
on how we live. For example, new kinds of technologies can help us focus on “services
and systems, not on things” (Thackara, 2005, p. 4); this shift in emphasis could help
reduce the impact of our lifestyles. Helping us feel empowered to think in new ways
about reducing our footprints and giving us the tools to share insights with each other
can provide substantial environmental benefits.
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Technology is well positioned to play a critical role in helping people change the
way we think about our lives. Many people in the industrialized world seek to keep up
with the newest technologies and take their cues about the future from the technolo-
gies that are marketed to them. In addition, while technologists were once branded as
pocket-protector-wearing, taped-glasses nerds, they have now achieved a certain geek
chic. While “computer programmer” may not rank up with “movie star” or “profes-
sional athlete” for high-profile allure (except among certain fan communities), there is
a certain sense of techno-utopianism in many industrialized nations, in which technol-
ogy is seen as an essential aspect of a positive future.

Technologies That Help People Live Longer Term
Beyond helping us think about our lives in more sustainable ways, technology can help
us live more sustainably without us even knowing it.

Technology can help make more sustainable the infrastructures that support our
lives, thus letting aspects of our lives have less impact without any change or aware-
ness on our part. For example, more efficient power generation can reduce the high
percentage of energy lost in the generation process without appreciably changing the
way people live, except perhaps for a slight price reduction.

Furthermore, new technologies cause people to develop new behavioral patterns,
which may in turn lead to more sustainable lifestyles, without sustainability being
the primary goal. For instance, telecommuting and online meetings may have been
adopted as ways of saving time and money, but they also lead to a reduction in envi-
ronmental impact. As evidence of this phenomenon, Don Patterson (2007), a professor
and colleague at the University of California, Irvine, saved 122.7 tons of CO, by host-
ing the Pervasive 2008 conference program committee meeting virtually rather than
flying all its members to the same location.

It is an open question whether it is sufficient simply to enable people to live sustain-
ably, rather than to think sustainably. Here there is a bit of conflict between ideology
and pragmatism. One of the assignments that I give my undergraduate Social Analy-
sis of Computerization course involves the following task: “Choose a technology for
decreasing resource use per capita, and develop a plan for causing a billion people to
use it.” One of the challenges that we often discuss is whether it is better to convince
a billion people to want to live sustainably or achieve this broad usage by connecting
sustainability to some other incentive structure, such as by making a more sustainable
product cheaper as well. Given differences in culture, religion, socioeconomic status,
and many other factors, convincing a large subset of the world population that sustain-
ability is an important and practical goal is difficult; developing a technology that is
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cheaper (and incidentally more sustainable) than the existing solution to a significant
problem may be an easier path to large-scale adoption. On the other hand, while it may
be easier, taking an approach that relies on market-based, capitalist infrastructure may
still be problematic (Dourish, 2008).

It is possible that large-scale awareness of environmental sustainability and the
themes underlying it is necessary in order for humanity to respond with sufficient
vigor to achieve a state of sustainability in the near future. Just as many people in the
world live with an awareness of economics (e.g., whether an action will earn us mon-
ey), law (e.g., whether an action will get us in trouble), or entertainment (e.g., whether
something is enjoyable), it may also become relevant for a large number of people to
develop a sense of the sustainability of our actions.

Technologies That Last Longer

In addition to new forms of technology that help us think sustainably and act sustain-
ably, it is also relevant to develop technologies that do what they have always done,
but simply last longer. Technology is a locus for rapid change in functionality, which
often carries with it rapid change in hardware as well. However, there may be innova-
tion paradigms that have less environmental impact than those currently in place. For
example, a shift from focusing on products to focusing on services could reduce the
need for rapid turnover in hardware. Corporations would no longer have the same
incentive to gain profit by selling products, profiting instead by providing ongoing
high-quality service to their customers.

Beyond simple functionality, in much of the world there is a culture that embraces
newness and disposability rather than tradition and long-term worth. This trend mani-
fests in advertisements (e.g., mobile phone data plan ads where people using an older
service sit around waiting for content to download), movies (e.g., Will Smith drawing
a distinction between “old and busted” and “new hotness” in Men in Black II), and
many other media. There is a long tradition in human cultures regarding heirlooms,
though—obijects that are passed from generation to generation, gaining value in their
longevity. Blevis (2007) points out that enabling technologies to take on heirloom sta-
tus could enhance their sustainability. In addition, enabling technology to last longer
could help move us away from the culture of disposability that exists in many places
around the globe.

Supplanting Older Technological Paradigms
In many cases, when a computing technology is supplanted, the old version becomes
e-waste, rather than being reused effectively. While it may seem that the end user,
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the one who discards the device, should be to blame for this waste, it is worth con-
sidering that perhaps the device was designed in a way that ensured it would become
waste as soon as its immediate usage had run its course. Planned obsolescence and the
disposable nature of much technology go hand in hand. An additional shortcoming
with computing technologies is that it can be easy to forget about older technologies,
leaving them plugged in where they continue to draw power (especially if they are left
on, which people and corporations often do). In a 2003 talk, Amory Lovins (2003) pro-
posed the idea of “negatechnologies,” suggesting that “we tend to discuss only deploy-
ing better new technologies. Equally important is getting bad existing technologies out
of use.” In some cases, no technology at all is better than what currently exists.

A Different Set of Metaphors

One way to help civilizations break out of existing resource-intensive lifestyles may
be to think about new kinds of metaphors that can supplant the current ones. For ex-
ample, rather than providing a GPS device (a tool like a hammer but that tells us where
we are), companies could focus on offering a GPS service (a system like a network of
friends that know where we are and can tell us). More broadly, the desktop metaphor
may itself contribute to unsustainable living by revisiting wasteful paradigms associ-
ated with traditional desk work, such as the wasting of paper; alternate metaphors
(such as “a computer is an island” [Tomlinson, Baumer, & Yau, 2006]), might help us
use computers in ways that are less constrained by the desktop metaphor while simul-
taneously fostering sustainability. By shifting our thinking about the systems we use,
new metaphors can help many different aspects of our lives become more sustainable.

Labor Productivity versus Resource Productivity

The historical and theoretical underpinnings of technology in general, and IT in par-
ticular, also help shed some light on how IT contributes to sustainability. For much of
the past 150 years, industrialized societies have focused extensively on enabling a given
amount of human effort, such as physical labor, to translate into increased output,
such as manufacturing. The ratio of output per unit of human effort is known as “labor
productivity.” An alternate way of thinking about productivity arises from a focus on
resources rather than human labor. The notion of “resource productivity”—that is, the
amount of output that can be generated with a certain amount of raw materials—fea-
tures prominently in a future world where resources are increasingly scarce. In many
cases, there is a trade-off between labor productivity and resource productivity. For
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example, one alternative production method will require more human labor but fewer
resources, and another will require more resources and less human effort.

One of the core problems in enabling sustainability is the current emphasis on la-
bor productivity at the expense of resource productivity (von Weizsdcker, 2008). The
human-centered approach taken in this book could be seen as ideologically linked to
labor productivity and therefore potentially at odds with sustainable goals. Labor pro-
ductivity and HCC both concentrate on making humans the most important element
in the productivity equation. However, extending the HCC model to broader scales
of time, space, and complexity may go a long way toward rectifying this situation. Al-
though it could entail an increase in the human time and effort needed in production
processes, or else an increase in the price of goods, using an extended human-centered
approach to shift the emphasis from labor productivity to resource productivity could
help us think about our world in more sustainable ways.

Over the last century, labor productivity has been driven in large part by increases
in workers’ wages. The increase in the cost of labor caused a need to optimize the sys-
tem for human efficiency. Now, however, with the increasing likelihood of resource
scarcity (in terms of not just oil but lumber and other materials as well), the price of
resources is likely to rise, thereby forcing industries to increase the efficiency of use of
those resources. Von Weizsdcker (2008) contends that governmental regulations that
elevate the cost of resources through taxes (perhaps bringing the costs closer to the true
cost to the world) could incentivize corporations to think in more resource-efficient
ways, thus leading people to more sustainable processes.

There are many examples of ways that various institutions have increased resource
productivity without losing money (von Weizsdcker, Lovins, & Lovins, 1998). Citing a
variety of cases from wood-chip insulation to waterless urinals, von Weizsacker and his
colleagues point toward a focus on resource productivity that does not entail people
needing to sacrifice wealth or lifestyles in order to reduce resource use. The goal is to
preserve the same outputs, in terms of functionality to people, with less resource use.
This style of efficiency also generates new opportunities for innovative business mod-
els, since processes that consume fewer raw materials also usually cost less.

Technology plays an important role in the balance between labor productivity and
resource productivity. Technology in all its forms is a facilitator of human activity.
Many forms of technology are resource intensive, though, utilizing the deep reserves
of natural resources found across the planet. There are many cases of technologies
that enhance both labor productivity and resource productivity in various ways. For
example, the invention of automobiles has allowed people to travel more efficiently,
thereby increasing our productivity. More recently, hybrid cars have allowed people
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to go further on each gallon of fuel, hence increasing our productivity in terms of re-
sources. The Smart 2020 report notes that “China’s circular economy approach, which
recognises the strategic role of resource productivity, is being developed into law, chief-
ly because environmental pollution is recognised as constraining economic growth”
(Climate Group, 2008, p. 6).

Different forms of technology bias human activity in favor of labor productivity or
resource productivity to different degrees. For instance, gasoline motors are powerful
tools for enhancing human productivity, but they imply a significant focus on the
consumption of natural resources. Web sites that encourage bicycling, on the other
hand, would favor resource productivity over labor productivity. Still other technolo-
gies, such as optimization algorithms, can enhance both human efficiency and reduce
the consumption of resources.

Current computing technologies have developed in a culture centered around labor
productivity. The term “computer” itself demonstrates the roots of computing in the
reduction of human labor; prior to digital technology, “computer” was a job descrip-
tion for a person who performed calculations, either by hand or using a mechanical
calculating device. Enabling computing to happen via digital tools rather than through
rooms full of people allowed for a vast increase in the efficiency with which people can
act.

One of the key principles grounding the argument presented here is that IT is more
consistent with sustainable lifestyles than many other forms of technology because
it can help enhance systemwide efficiency rather than concentrating on off-loading
human effort to nonhuman factors. Mechanical technologies rely on the creation and
movement of physical objects, both of which are resource intensive. IT, though, moves
bits rather than atoms, and therefore tends to have lower power requirements than
many manufacturing and transportation technologies. (For example, mobile phones
with gas tanks have yet to hit the market.)

A core challenge in Green issues is that we humans usually do not want to exert
more effort than we have to in order to get what we want. Efficiency is an evolution-
arily stable strategy; organisms that waste energy survive less well than more efficient
counterparts. Humans are no exception; we tend not do things that are too hard unless
there are substantial benefits to be gained. This is not to say that we are purely rational
actors. Still, most of our actions are inspired to a greater or lesser extent by the desire
for some benefit.

IT helps people find out about better ways to perform tasks and share information
that supports these efforts. It can be used to encourage collaboration, and the sharing
of both resources and ideas. IT can both reduce human effort and increase the value
of that effort without necessitating a corresponding increase in resource expenditure.
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In order to understand the wide variety of ways that IT can affect people’s actions, it
is helpful to consider the many different types of benefits that appeal to people. There
are physical benefits such as eating a piece of cake or having one’s back scratched.
There are social benefits such as experiencing feelings of belonging or affection. There
are benefits from feelings of control, such as are found in computer games where push-
ing a button causes pictures and sounds to happen in response. There are also moral
benefits that come from feelings of giving back to the world, and the people and other
living things in it. Each of these benefits appeals to varying degrees to different people.

In addition, to understand the impediments to people behaving in certain ways, it is
useful to consider the many different attributes of an activity that could cause it to be
perceived as difficult. There is the physical effort required. There is the loss of time to
do it. There is the lack of knowledge of how long it will take or how many resources it
will consume; this variability causes uncertainty, which can be inherently dissatisfying
and may prevent advance planning. There is also the possibility that the activity might
not have the desired results; failure renders useless any effort that was exerted.

The above paragraphs point to two effective ways to get people to do something:
either increase the benefits, or lower the costs so that the benefits become greater than
the costs. Grocery stores do this by putting items on sale. The Red Cross does this by
making people feel important and good when they give blood, offsetting the needle
prick and lightheadedness that accompany the act. Social groups do this by exerting
peer pressure, raising the social cost of not participating. While humans are not always
rational decision makers, looking at the immediate costs and benefits of a given action
can be of some help in understanding why people engage in it or not.

The primary benefits of environmental action accrue over a fairly long time horizon.
Thus, understanding why people engage in Green activities at present, and how we
might be encouraged to do so more frequently, is important to the future of this effort.
As will be discussed in greater depth later, Green IT can contribute to this effort by
helping make certain activities more likely to occur by either raising their benefits (e.g.,
online recipes that help people make tastier food with local ingredients) or lowering
their costs (e.g., the Web-enabled coordination of communal cooking, so each person
only has to cook every few days).

Green IT can foster sustainable lifestyles by facilitating a shift from maximizing
labor productivity alone to considering both labor and resource productivity. A large
number of people would be reluctant simply to start exerting a great deal more effort
for the sake of the global environment. However, by enabling more efficient individual
strategies and opportunities for collaboration, IT may be able to help shift the balance
toward resource productivity without dramatically increasing the effort required of hu-
mans.
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For the past century or more, the industrialized world has placed a great emphasis
on the efficiency of workers at the expense of raw materials. This focus has caused an
unsustainable perspective to dominate in many cultures around the world. IT, though,
with an emphasis on efficiency and collaboration, can facilitate a shift toward longer
time horizon thinking, enabled by factors such as a greater attention to resource pro-
ductivity, and hence move people collectively toward sustainability. The discussion
here aids in building an understanding of the mechanisms through which IT can con-
nect with sustainable lifestyle choices.

The resource-centered perspective can serve as a proxy for a long time horizon, hu-
man-centered perspective. In a resource-centered model, systems are evaluated in ac-
cord with how effectively they use the resources involved. In fact, the world currently
uses a resource-centered model; however, human effort is the only resource that is
deemed important enough to factor significantly into the analysis. Von Weizsdcker’s
suggestion of increasing the cost for nonhuman resources provides a potentially vi-
able way to cause those resources to factor into this model. This increase can either
come from the top down, via taxation, or the bottom up, via people making individual
decisions based on the resources used in each option. In terms of the connection to a
human-centered approach, since people need resources to live, tailoring people’s pres-
ent behavior to ensure that there are sufficient resources available for people in the
future helps guarantee that a long time horizon is viable.

The Need for Green IT

In the environmental community, there has been a slogan in use for several decades:
“Think globally, act locally.” Understanding the relationship between environmental
issues at broad scales and the actions that people can take to help address them is both
challenging and important.

Computing technology is particularly well suited for dealing with factors of scale.
Mathematics and recursion work equally well with microscopic, human-scale, or uni-
verse-sized phenomena; they apply whether events take milliseconds or millennia.
Green IT solutions that work well on the small scale of a community may be distrib-
uted online and have an impact on other communities around the world. Conversely,
if a government, multinational corporation, or other large-scale institution causes a
technology to come into existence, there is much infrastructure in place, from mobile
phone networks to the Internet, to help disseminate it so that people can use it in our
everyday lives. In addition to helping at both large and small scales, Green IT may also
be effective in bridging the gaps between the two, and looking for commonalities and
opportunities across orders of magnitude of time and space.
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Relevant in Space

As was discussed earlier, the global issues facing Earth occur across large spatial areas.
Sea level rising, for example, does not just affect one piece of shoreline. A large part
of Manhattan will be under water if certain sea level predictions are borne out (Gug-
genheim, 2006), and the president of Maldives is beginning plans to purchase a new
homeland for the people of his country, in case most of their nation (with a maximum
altitude of 2.4 meters) becomes submerged (bbc.co.uk, 2008b). This broad spatial im-
pact is relevant across many other facets of global climatic disruption, pollution, spe-
cies extinction, and other environmental challenges as well.

Since people are skilled at problem solving on spatial scales that relate to the human
body (from a few centimeters to a few kilometers), making environmental sustainabil-
ity relevant to people often requires some interpretation. For example, a common way
that people abdicate concern for sea level rising is to say that, since they do not live on
the coast, it will not affect them. IT can make the connection between environmental
change and people’s own lives more apparent, helping people who do not live near
the problem to understand the full ramifications of such an event, become concerned
about it, and take action. For instance, online mapping software allows for dynamic
scaling in space, which can help people see how the locations of things that are im-
portant to them relate to the more directly impacted areas. Social networking, too, can
make the connection more explicit, by helping people understand the direct impacts
of environmental change on their family and friends. Through these and other mecha-
nisms, Green IT can aid in compressing space and enabling local action.

Relevant in Time

Similarly, environmental issues occur across time scales that are largely beyond the
ken of individual humans. CO, pollution is leading toward global climatic disruption
(IPCC, 2007a), but the impact will take decades or longer for the change to manifest
fully. Similarly, the rate of species extinction may not be immediately obvious to most
people, since the extinction of a given species usually happens gradually over many
years. Like a car that needs to start braking several hundred feet before an imminent
collision, environmental processes and human practices have a lot of inertia, and need
to be corrected significantly before the impact of those practices are felt.

Developing an international response to issues that are so broad in both space and
time requires hitherto-unprecedented coordination. Nations and international orga-
nizations must work together to coordinate effective action, and do so in a way that
is responsive to cultural differences. Arguments that may persuade an atheist may not
persuade a Christian or a Muslim, and techniques that could work in the industrialized
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world may be ineffective in the nonindustrialized one. Green IT can support global
efforts by assisting in the gathering of the best science about environmental change
and connecting the meaning of that science to impacts and responses across the globe.
In addition, high-level global coordination will need to reconcile with local action;
Green IT will be relevant at all scales. There will be many challenges in the effort to
build global Green IT solutions. As was mentioned earlier, technologies are designed by
individuals, and therefore tend to be more effective at solving problems on the scale of
individuals. Nevertheless, an effort to support global corporate, governmental, and/or
NGO efforts through IT could produce significant environmental benefits.

Other Green IT innovations can make environmental issues relevant in time. Inter-
active and noninteractive visualizations can show what happened in the distant past.
Predictive simulations can allow people to see into the future, years or centuries from
now. Time-lapse photography and the online video distribution of it can help change
become apparent on the scale of human attention. While it may be difficult to get peo-
ple around the world to adopt the Haudenosaunee’s principle of considering impacts
seven generations from now, Green IT may be able to do its part to extend people’s
time horizons for understanding the impacts of environmental change.

Accessible in Complexity

The complex interdependencies involved in environmental issues are a third major
area in which Green IT can help. Achieving global sustainability will require collabo-
ration across many different disciplines and sectors of society. IT can connect experts
to each other, enabling them to exchange data and integrate their ideas, and involve
laypeople in many stages of the process, helping them commit to the lifestyle transfor-
mations that will be necessary.

IT can also enable stronger linkages between efforts at institutional and personal lev-
els. Scaling across levels of social complexity, thereby facilitating accountability from
institutions and a sense of efficacy from individuals, will help break down barriers to
integrated collective action. It will take active effort by thousands or millions of people,
and passive participation by billions of others for sustainability to come to pass. Un-
derstanding how Green IT can make environmental issues relevant in space, time, and
complexity can aid this effort.

While Green IT is not a panacea, it may be able to help. Like the old slogan “guns
don’t kill people; people do,” technology won't save the world; people will. New forms
of IT, different from the growth technologies that helped us create the current predica-
ment, may be able to support efforts to engage with previously untenable issues.






5 Survey of Green IT Systems

Strategic approaches to climate change will involve understanding not only how to do what we
currently do more efficiently, but how we can do things differently. The ICT sector will be in a
position to enable new ways of learning, travelling, working and living.

—Climate Group, 2008, p. 57

IT is shaping many spheres of human activity, each of which has an impact on the
sustainability with which we live. This chapter provides a broad survey of the ways in
which IT is currently impacting the goal of sustainability around the world. As Marga-
ret Bruce (2009) offered at the Greening of the Internet Economy conference, there is
no silver bullet for the world’s environmental issues; we need “silver buckshot.” As IT
spreads further, and people and organizations become more aware of environmental
concerns, the impact of Green IT systems is likely to expand significantly.

There are many potential ways to organize the range of Green IT systems. One could
arrange them via the kind of environmental impact that they have (e.g., reduce CO,
emissions, support ecological restoration, etc.). One could arrange them in relation to
their time scale, spatial dimensions, or complexity (e.g., education has a longer time
horizon than installing compact fluorescent lightbulbs). One could arrange them via
their social scale (from individual action to multinational coordination). In this chap-
ter, Green IT systems are arranged based on the economic sectors on which they will
have an impact.

The Smart 2020 report presents one model for exploring the use of IT to help civiliza-
tions be more sustainable. This report summarized its approach as follows:

The challenge of climate change presents an opportunity for ICT to first standardise (S) how en-
ergy consumption and emissions information can be traced across different processes beyond the
ICT sector’s own products and services. It can monitor (M) energy consumption and emissions
across the economy in real time, providing the data needed to optimise for energy efficiency.
Network tools can be developed that allow accountability (A) for energy consumption and emis-
sions alongside other key business priorities. This information can be used to rethink (R) how we
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should live, learn, play and work in a low carbon economy, initially by optimising efficiency,
but also by providing viable low cost alternatives to high carbon activities. Although isolated
efficiency gains do have an impact, ultimately it will be a platform—or a set of technologies
and architectures—working coherently together, that will have the greatest impact. It is through
this enabling platform that transformation (T) of the economy will occur, when standardisation,
monitoring, accounting, optimisation and the business models that drive low carbon alternatives
can be developed and diffused at scale across all sectors of the economy. (Climate Group, 2008,
p-11)

Smart 2020, like many efforts, focuses on GHG emissions. This environmental con-
cern, tied closely to global climatic disruption, is of critical importance, but is still just
one of several critical environmental issues. Other key domains (discussed in greater
depth in chapter 2) include, for instance, other forms of pollution, overpopulation,
and species extinction. Many of these issues are coupled; for example, stopping defor-
estation to reduce CO, emissions simultaneously retains habitat. Nevertheless, they
are not identical; lots of small areas of forest, for example, can have similar CO, effects
to one large block of forest, although these two configurations would have different
habitat implications. Due to the growing body of research on GHG impacts of various
economic sectors, GHG emissions will provide the metric by which the sections of this
chapter will be ordered, allowing them to be presented roughly in order of importance
for arguably the greatest environmental issue currently facing the world.

The Gartner presentation discussed in the previous chapter (Mingay, 2007) divided
the environmental impacts of IT systems into three categories: first-order, second-or-
der, and third-order effects. First-order effects are those that relate to the direct environ-
mental impact of the production and use of the computational devices and systems;
these effects were described in the previous chapter. The content of this chapter will
look at systems that fall into the second and third categories: specific indirect impacts
of Green IT on other sectors, and broader social or cross-industry changes resulting
from Green IT. Specifically, the slideshow offered the following second-order effects,
resulting from the integration of IT in a range of domains: travel substitution, trans-
portation optimization, e-business/e-government, and environmental control systems.
Each of these issues will be covered in discussions of various Green IT efforts. The
third-order effects, considered “long-term socioeconomic structural changes” in the
report, involved energy intensity, GHG intensity, transportation intensity, and mate-
rial intensity; changes at this level are likely to result from broad collections of activities
both within and outside the Green domain. Nevertheless, these crosscutting themes
will shape the landscape on which future Green IT systems will operate.

Especially when looking at the growing impact of nonindustrialized nations, new
production processes and ways of life enabled by IT are critical. As China, India, and
many other countries move toward higher-impact lifestyles, ways to make all aspects
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of human life and civilizations more sustainable will become increasingly important.
“Meeting the sheer scale of demand for products and necessary supporting services in
emerging markets such as China and India and continuing to deliver the services to in-
crease productivity growth in the developed world will effectively outweigh the adop-
tion of the current wave of efficiency benefits per product or service” (Climate Group,
2008, p. 10). Across different nations, different facets of life, and many different scales
of time, space, and complexity, there needs to be both infrastructural improvements
and ideological change. This chapter presents a survey of the most crucial topics for
Green IT, with three specific areas—IT for environmental education, IT for personal
change, and IT for community action—being addressed in greater depth in chapters
6-8. By offering these specific examples, arranged by industry, it may be possible to get
a firmer grasp on the diverse applications of Green IT.

Agriculture and Food Production

Perhaps the most problematic issue facing the CO, footprint of humanity is the defor-
estation occurring around the world as people seek more land on which to grow food.
Deforestation is a double threat; not only does the act of burning the land contribute
greatly to CO, emissions but the lack of forest eliminates the forest’s previous activity
of converting CO, back to O,. IT can reduce deforestation in a number of ways. Web
access and improved communication can enable farmers to access information about
how to farm more efficiently, and to use methods that strip the soil of its nutrients
less severely. Lynn Carpenter, an ecology and evolutionary biology professor at the
University of California, Irvine who studies restoration ecology, and I have discussed
the possibility of using SMS messages to disseminate farming tips based on her work.

According to the Food and Fertilizer Technology Center for the Asian and Pacific
Region (2004), “Proper integration of IT in agriculture can help solve the problem of
food crisis, and can contribute to the attainment of sustainable agricultural develop-
ment in the region.” This organization offers a variety of examples of how IT can factor
into agricultural sustainability, including the “use of IT to reduce agricultural losses,
forecast productivity, and enhance production with proper vertical integration of the
production centers and the markets” (Food and Fertilizer Technology Center, 2004).
Interestingly, these efforts seem directed primarily at agricultural development (i.e.,
increasing output), with sustainability being somewhat of an afterthought. Neverthe-
less, this focus perhaps demonstrates that sustainability is often only valued as long as
immediate human needs are met as well.

In other areas of agriculture and food production, greater data storage and analysis
helps enable genetic engineering of seeds that produce more food in the same space
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for companies such as Monsanto (Duvall, 2008). (Monsanto is also implicated in en-
vironmentally suspect efforts [see, for example, banterminator.org, 2009; Grunwald,
2002].) In research on cattle farming, IT is being used to “monitor, model and manage
cattle behaviour,” thereby supporting studies of the carrying capacity of grazing land
and helping limit the spread of disease (CSIRO, 2008). As mentioned at the beginning
of this book, commercial fishers in Kerala, India, are using mobile phones to improve
their efficiency; this technology has helped increase their profits by 8 percent and
eliminate their previous 5 to 8 percent waste (Jensen, 2007).

Despite the potential for IT to facilitate sustainable agricultural practices, there are
hurdles to be overcome for the broad international deployment of such systems. Ac-
cording to a report by the UN Economic and Social Commission for Asia and the Pacific
(2008), IT is a major factor in modern agriculture; implementing agricultural IT systems
in nonindustrialized countries, however, can be difficult due to limited access to infra-
structure such as telephone service and electricity.

Energy

Energy generation and distribution is another critical area in which IT is having sig-
nificant impacts. Energy is a particularly well-studied area as well, thereby providing
numerous examples of optimization techniques. There are some clear opportunities in
the energy domain: “Many companies do not know where energy is being consumed,
whether in the manufacture or use of their products and services. Many utilities in the
developing world are blind to the consumption and loss of energy. Individual func-
tions and departments rarely coordinate to understand how to pool resources or reduce
energy efficiently” (Climate Group, 2008, p. 55). IT could enable greater communica-
tion and coordination within and between organizations.

One of the most active areas of exploration in the energy arena involves the devel-
opment of smart power grids. As mentioned in the first chapter, organizations around
the world are replacing millions of energy meters on residential and industrial build-
ings around the state and exploring ways of connecting them in intelligent, integrated
networks. This advanced metering infrastructure allows both consumers and energy
providers to monitor how energy is being used; reliable monitoring is a key part of
reducing energy use effectively. In addition, smarter consumer power meters can be
coupled with renewable energy sources such as solar panels to permit customers to sell
excess energy back to the power company.

Research in renewable energy, and especially solar and wind power, has suggested
that adding renewable energy to a system can create problems with intermittency com-
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pared to the predictable process of generating energy with fossil fuels. Power generators
are most efficient when operating consistently near peak output. Wind and sun some-
times cut out when the base of power customers need energy; therefore more effective
energy management, enabled by IT, is needed. Smart grids, where supply and demand
can be regulated on a much finer level of granularity, can help address this kind of
problem. In addition, since large-scale batteries are not yet financially viable, more
research is needed in smart battery technology to assist with these energy management
needs. Another issue that would need to be considered with large-scale wind power us-
age is the potential disruption of global wind patterns (Keith et al., 2004).

New energy systems are developed and deployed with the assistance of powerful
IT systems. Google has been undertaking an effort titled “Renewable Energy Cheaper
than Coal” (RE<C) (Google.org, 2009) to address the rapidly growing power demands
of Google’s server farms. Research at the National Fuel Cell Research Center suggests
that a hydrogen infrastructure for powering vehicles could lead to significant improve-
ments in efficiency and environmental sustainability (Stephens-Romero & Samuelsen,
2009). The ZEV-NET project, also developed at the National Fuel Cell Research Center
(2009), seeks to develop IT systems to support zero-emissions vehicles and foster the
creation of standardized protocols for fleets of such vehicles. Companies such as info-
tility.com provide software systems to enhance the efficiency of energy grids. IT inno-
vations are integral to the monitoring and control of new energy systems.

Around the world, IT plays an increasingly critical role in the future of the world’s
power supplies. In research and development as well as installation and operation, sup-
port from tailored IT systems will continue to be an important part of the scaffolding
for new forms of power.

Manufacturing

Around the world, people need various manufactured goods to live, and also consume
many nonessential goods for luxury or other purposes. According to the International
Energy Agency (2007), manufacturing industries are responsible for almost a third of
global energy consumption and 36 percent of the world’s CO, emissions. This report
lists “chemical, petrochemicals, iron and steel, cement, paper and pulp, and other
minerals and metals” (p. 19) as the key sectors, accounting for over two-thirds of the
total.

IT systems are helping to reduce the environmental impact of the manufacturing in-
dustry. Companies and other organizations use life cycle assessment, a process enabled
by different forms of data processing and visualization, to understand the impact of
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products over the course of their existence and make all stages of the product life cycle
more efficient. This process has traditionally involved tracking products “from cradle
to grave,” considering every stage from the procurement of the first raw materials to
the disposal of the waste after the product’s use. The manufacturer Aveda (2009), for
example, claims to be the “first beauty company manufacturing with 100% certified
wind power.” According to Andrew Winston (2008), many companies are using tech-
nology to enable greater awareness and openness in the process; Sam’s Club has the
goal to trace its products “from mine to market,” Hewlett-Packard recently released
emissions data from all its suppliers, and Wal-Mart is seeking to put CO, footprint
data on its products. Along these lines, the idea of “extended producer responsibility”
(OECD, 2009) takes this process even further, holding manufacturers accountable for
the postconsumer portion of the product’s life cycle as well. All of these efforts rely on
effective IT systems.

Adopting new production processes is sometimes difficult, requiring an interruption
in business as usual and possibly a temporary loss of profits. “Chinese factory managers
find it difficult to stop producing long enough to implement more efficient industrial
processes because they risk losing revenue and competitiveness” (Climate Group, 2008,
p. 10). This challenge is one of the reasons why longer-term thinking could be benefi-
cial; by enabling people and organizations to assess the long-term benefits of environ-
mentally minded retrofitting and modifications to existing production processes more
effectively, Green IT can incentivize these activities.

In addition to producing manufactured goods in more efficient ways, it may also be
possible for civilizations to reduce the overall need for manufactured goods. In his in-
troduction to the Smart 2020 report, Luis Neves, the chair of the Global e-Sustainability
Initiative, proposes that IT can help societies “replace goods and services with virtual
equivalents” (Climate Group, 2008, p. 6). This notion has been present in the research
community for some time; in the 1990s, the movement from “atoms” to “bits” was an
important transition across many facets of everyday life (Negroponte, 1996). Enabling
reductions in the manufacturing of physical objects (atoms), and replacing them with
equivalent or superior computational interactions (bits), could help lower the global
environmental footprint.

Transportation

As the mechanism by which people, goods, wastes, and many other objects move
around the world, transportation has a large environmental footprint. Various innova-
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tions in IT are allowing many different modes of transportation to become more ef-
ficient or be eliminated altogether.

In cars, trucks, and other vehicles, onboard computers facilitate efficiency in many
ways—for example, by optimizing engine operation, checking tire pressure, and assist-
ing with navigation. Off-board and onboard computers are also used to enable fleets
of vehicles to minimize their collective travel distance and time. For instance, UPS
recently improved its overall fleet efficiency by planning routes such that its trucks
minimized the number of left turns they made, thereby removing the time spent wait-
ing at traffic lights and burning fuel (Rooney, 2007). Car-sharing programs, enabled by
online reservation systems and mobile communications technologies, reduce the need
for as many cars in many cities around the world. Researchers have also suggested de-
sign principles for navigation systems that help people engage with their environment
(Leshed, Velden, Rieger, Kot, & Sengers, 2008).

Intelligent transportation infrastructure supports greater efficiency as well. The tra-
ditional IT systems that underlie current roadways—traffic lights and loop detectors—
can be improved significantly through congestion management systems, incident de-
tection algorithms, and online interfaces to traffic data—for instance, the California
Wireless Traffic Report (Calit2, 2004), which offers automated alerts when drivers’ pri-
mary routes become congested.

The move toward electric and hybrid vehicles, facilitated by computing systems in
both design and operation, also supplies an interesting opportunity, suggested by a
panelist at the Greening of the Internet Economy conference. It could be possible to
use the batteries in these cars as a distributed “load bank” for managing power, thereby
assisting with load balancing in a smart electric grid. Millions of car batteries to store or
release power at appropriate times could buffer the power supply and ensure continu-
ous power from intermittent generation sources.

In public transit systems, online schedules help people find out when buses and
trains will be operating; this increased ease of use can reduce the disparity in speed
between driving and taking those forms of transit. A project by one of my students,
Andrew Zaldivar, called the Web Browser Environmental Sustainability Toolkit (Web-
BEST), improves the online mapping of public transit and cars provided by Google
Maps; when WebBEST is installed, it inserts a grid of environmental information into
the Web page that is displayed on users’ computer when they ask Google Maps for di-
rections, including the time, price, and carbon footprint of each mode of transit. A less
direct effect of IT encouraging public transit may result from the ubiquity of notebook
computers in many parts of the world; when an individual can work on the bus or train
but not in the car, a valuable incentive to take public transit is created.
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Airplane travel has been made more efficient in a variety of ways. Computer-aided
design of aircraft can minimize drag and improve space utilization. Autopilots can en-
able greater fuel efficiency while flying. Airline fleet planning can optimize craft usage
and minimize downtime. The complexities of both the social and technical challenges
of air travel lend themselves to IT interventions.

Finally, human-powered transportation is being affected by Green IT, albeit some-
times indirectly. People may be walking more because of car-sharing systems and on-
line mapping software. There are also bicycle-sharing systems in Washington, DC, Bar-
celona, and Paris (Becker, 2008). Additionally, people are finding social support for
pro-bicycle activism, such as the example of the World Naked Bike Ride at the opening
of this book. This type of activism will be discussed in greater depth in a later chapter.

Cutting across various different forms of transit, new mobile IT systems help people
manage their own transportation choices. Ecorio (ecorio.org, 2009) tracks the user’s
movements and calculates the carbon footprint of this transportation. Piggyback (Petit
& Petit, 2008) provides support for dynamic ride sharing, helping people find others to
share the costs of carpooling.

In addition to helping with actual transportation, IT also supports dematerializa-
tion—the substitution of virtual interactions rather than physical encounters—thereby
reducing the need for transporting physical objects or people. An abundance of re-
search supports virtual interactions, such as work relating to collaboration at a distance
(see, for example, Olson & Olson, 2003) and tools to support it (see, for example, Ishii,
Kobayashi, & Grudin, 1992). Besides supporting virtual work, dematerialization can
enable people to participate in novel forms of social interaction, e-government, and
many other new cultural forms.

As mentioned in the first chapter, telepresence shows significant potential for re-
ducing the need for long-distance travel. According to David Hsieh (2009), Cisco’s vice
president of marketing, emerging technologies, Cisco has deployed 335 telepresence
systems across its various offices, hosting 225,000 telepresence meetings; through these
efforts the company has seen a reduction in travel by 10 percent, saving US$250 mil-
lion and 100,000 tons of CO,. Research in high-bandwidth data transmission (Smarr,
Chien, DeFanti, Leigh, & Papadopoulos, 2003) makes possible the future of this and
other forms of long-distance interaction.

Architecture and Building

Buildings and other architectural structures are key consumers of power; mitigating
this environmental impact is critical to a sustainable future. Simple forms of IT, such as
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hotel keys that turn off the lights when the guest leaves the room, have been in use for
many years, particularly in Europe. More recently, computational technologies have
been deployed to improve the carbon footprint of an assortment of built structures—
for example, through smart thermostats to computer-controlled airflow systems. The
U.S. Green Building Council offers a “Leadership in Energy and Environmental Design
(LEED) Green Building Rating System” (USGBC, 2008). Many characteristics required
for LEED certification provide opportunities for IT to enhance the design, construction,
and operation of built structures.

To date, a large amount of the governmental policy that has been passed in Cali-
fornia has dealt with new construction. IT can play a role in improving new buildings,
from smart infrastructure to building automation systems to more effective ways of
heating and cooling the structures. Open standards that allow for the interoperation
of different technologies are an important part of this process so that, as new devices
come into the buildings, they can be integrated into the existing infrastructure.

Despite the policy focus on new buildings, according to a panelist on the “ICT and
Smart Buildings” panel at the Greening of the Internet Economy conference, new con-
struction accounts for only 2 percent of the real estate in the state of California per year
(Meacham, 2009). Therefore, retrofitting older buildings is an essential part of how IT
can reduce the environmental footprint of the built landscape. The U.S. government’s
2009 “economic stimulus package” includes US$4.5 billion to make government build-
ings and military facilities more energy efficient (U.S. Congress, 2009).

Another way in which IT can address environmental issues in through its ability
to deliver real-time or near-real-time data about energy usage. Until the new genera-
tion of intelligent monitors is installed, electricity meters are often read only once
per month; this frequency is not rapid enough to allow people to act to change their
electricity consumption patterns effectively. By providing greater resolution, IT enables
people to make connections between their immediate behavior and longer-term im-
pact.

Sustainable building practices have been used effectively to demonstrate how peo-
ple can live and work in sustainable settings. For example, Rocky Mountain Institute
(2009) is a nonprofit research center created to “foster the efficient and restorative use
of resources to make the world secure, just, prosperous, and life-sustaining.” Its head-
quarters is a 4,000 square foot building in the Colorado Rocky Mountains. At 7,100
feet above sea level and with a temperature that can drop to -47°F, the location is far
from balmy. However, the building hosts a crop of banana trees as well as avocados,
papayas, and passion fruit. The building’s heating is 99 percent passive solar, the utili-
ties are superefficient, and the entire building is a model of how enjoyable living space
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can be compatible with resource efficiency. The building’s energy-saving techniques
and technologies paid for themselves within ten months. By demonstrating that sus-
tainability does not need to cost more (and in fact, can save a great deal of money),
this building seeks to revolutionize the way living spaces are created (von Weizsdcker,
Lovins, & Lovins, 1998).

Beyond individual buildings, the design of entire communities can also enable sus-
tainable lifestyles. For example, locating houses a bit closer together can reduce the
overall commute time for most or all of the people in that community. Walkable com-
munities can have profoundly positive environmental impacts (Smart Growth Amer-
ica, 2009), while also having physical health and safety benefits (Sightline Institute,
2009). Shared resources such as communal washing machines can also reduce the total
impact of the community, reducing the need for each individual or family to own and
maintain their own version of the resource.

Looking further ahead, the city of Dubai has proposed constructing an enormous
ziggurat that could house a million people (see figure 5.1). By locating people so close
together, commutes are greatly reduced, utilities and other resources are much more
efficiently supplied, and many other aspects of everyday life are streamlined. In addi-
tion, since the ziggurat would be built with an awareness of environmental issues, its
design could be optimized to this end. Computational systems would be integral to
the design, construction, and operation of such a community. While the ziggurat may
sound a bit like science fiction, some of the other efforts undertaken in Dubai, such as
an enormous artificial island shaped like a palm tree and visible from space, give some
credence to that emirate’s ability to execute plans on large scales. (It is possible that
the global economic downturn starting in 2008 may dampen the prospects for some
of these bold plans.)

In the area of architecture and building, it is also important to note what a panelist
at the Greening of the Internet Economy conference suggested: “The greenest building
is no building whatsoever” (Calit2 & CPUC, 2009). According to the panel, in a typical
office building, a given space is utilized only 17 to 18 percent of the time (given nights,
weekends, and occupants being there only part of the time during the workweek).
Perhaps the greatest savings in the building domain would be to develop new ways to
improve the utilization of existing space, thereby reducing the need for new buildings.

IT Itself

As mentioned previously, IT creates about 2 to 2.5 percent of global carbon emissions
(Mingay, 2007; ITU, 2008); these emissions are expected to grow by about 6 percent per
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Figure 5.1
A proposed ziggurat in Dubai (timelinks.org, 2009). © Timelinks. Reprinted with permission.

year through 2020 (Climate Group, 2008). Emerging markets will be responsible for a
large amount of this growth; while only one in ten Chinese citizens owns a personal
computer as of 2008, seven in ten are expected to own one by 2020 (Climate Group,
2008).

IT systems are helping to mitigate the impact of the IT sector itself. The Smart 2020
report notes that the spread of liquid crystal displays (LCDs) rather than cathode ray
tubes (CRTs), and the move from mostly desktop personal computers (84 percent in
2007) to mostly laptops (predicted to rise to 74 percent by 2020), will contribute to
reducing this technology’s impact (Climate Group, 2008). In the area of mobile de-
vices, smart chargers that turn off once the device is fully charged could reduce the per
device effect of the sector. Additionally (as suggested by Climate Group, 2008; Huang
& Truong, 2008), mobile phone service upgrades that do not require an upgrade of the
physical device could reduce the production of e-waste and the corresponding carbon
footprint.
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A major user of energy in the IT sector is the abundance of data centers operated
by organizations around the world, including corporations (Strand, 2008) and aca-
demic institutions (Keller, 2009). According to IBM’s vice president for energy and
environment, “Energy use in data centers is growing 12 times faster than worldwide
energy use” (Lechner, 2009). A key metric in streamlining data centers is power usage
effectiveness (PUE). A PUE of 1 is perfect (i.e., all of the energy is being used to drive
computation). According to Bill Weihl, Google’s Green energy czar, a PUE of 2 is con-
sidered good in the industry, but Google maintains a PUE of 1.2 by building its own
servers and data centers, which is one of its competitive advantages. In describing the
energy wasted in most data centers, Weihl (2009) explained that “servers waste, for no
particular good reason, an enormous amount of power.”

Nevertheless, a PUE of 1.2 means that 16.7 percent (0.2/1.2) of energy is being
used for purposes other than computation—much of it waste. The GreenLight Project
(Ramsey, 2008) at the California Institute for Telecommunications and Information
Technology is seeking to address the environmental concerns that arise from modern
data centers by developing an instrumented data center that can serve as a test bed
for better power management processes. Fortuitously, building new generations of su-
percomputers relies on better power utilization, so the interests of developers of new
kinds of computers are well aligned with the search for sustainable power. Bringing
the whole industry toward more sustainable practices is the challenge, starting with
examples such as Google’s and improving on them. On Google’s Green efforts, Weihl
(2009) added that “the real issue here is one of scale . . . how do we do it in a way that
is scalable and will work for everyone else.”

According to an article on Kiplinger.com (Wheeland, 2008), the Consumer Electron-
ics Association has produced a sustainability report that provides an overview of how
products are being designed to have smaller environmental footprints. “Among the
highlights are companies developing more energy-efficient products, using recycled
and easily recyclable materials to build their machines, and cutting back on materials
used for packaging” (Wheeland, 2008). Additionally, there are numerous opportuni-
ties to make the way people use computers more sustainable. According to IBM’s vice
president of energy and environment, for example, on average a single piece of data is
saved thirty times in a given corporation, on various people’s computers, servers, and
so on (Lechner, 2009). Data deduplication software could reduce this redundancy and
increase efficiency. Various corporations are banding together to address a range of
environmental issues, through groups such as the Digital Energy Solutions Campaign
(behindthegreen.org, 2009) and the Climate Savers Computing initiative (climate-
saverscomputing.org, 2008).
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Several IT systems are currently being used in research efforts to make consumer-
grade software more sustainable as well. One of my doctoral students, Nadine Amsel, is
working on a project in this area titled “Sustainable Software Engineering.” This project
currently has two main parts. First, she is using Amazon’s Mechanical Turk system to
collect information about software users’ attitudes toward sustainability. Second, she
is using a device called a “Watts-up” to measure the power draw of various different
versions of software. Taken together, these efforts seek to make software users aware
of the environmental impact of the systems they use, and help professional software
engineers consider environmental sustainability when they are designing systems and
writing code. There are currently a number of different qualities that software engi-
neers tend to agree that good software should have—characteristics such as reliability,
efficiency, and usability. Nadine’s work aims to add sustainability to this list.

Several other students in my group—Joel Ross, Robert Simpson, Nitin Shantharam,
and Michael Riccobono—have been looking at ways in which the move toward distrib-
uted sensing technologies can be made more sustainable. They have suggested that the
need for sensing devices (and the ensuing power consumption and e-waste) could be
reduced by the use of “peer-to-peer sensor sharing.” In this model, people in cities with
dense populations such as Beijing, Seoul, or New York might be able to have phones
that contain only a subset of the sensing components that they might need (e.g., a GPS
or pollution sensor), with the users relying on sensors carried by other people nearby to
provide the sensed data for the other components via Bluetooth or other local wireless
protocol (see figure 5.2). This model of shared sensing may seem less effective than the
traditional one, in which every device has all the components it needs; there are certain
circumstances, however, in which one’s coverage might be improved by a network of
surrounding devices (for example, if a person were inside a building that blocked the
GPS signal). While there are certainly privacy concerns to this sensor-sharing approach,
a survey of potential users suggested that a reduction in price could make this strategy
viable.

Other Efforts

IT is facilitating the disposal of many different forms of human waste as well. There are
many carbon offset programs that provide people and organizations with opportuni-
ties to mitigate their impact (and assuage their guilt) by paying for carbon-negative
activities and research. For instance, NativeEnergy (nativeenergy.com, 2008), endorsed
by the Sierra Club, builds wind turbines, methane digesters on dairy farms, and solar
arrays, and supports a variety of other renewable energy projects. The Nature Conser-
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Figure 5.2

Coverage by sensor penetration for select cities in the peer-to-peer sensor-sharing project. In
densely populated cities, sharing sensors (e.g., GPS) across mobile devices can allow a relatively
small number of sensors to produce a high amount of coverage.

vancy, TerraPass, and many other such entities supply other carbon offset efforts. All of
these systems involve elaborate Web sites designed to provide information to potential
contributors about the offsets they are purchasing and collect financial support.
E-government also offers an assortment of opportunities for Green IT. For example,
Sunne McPeak (2009), president and CEO of the California Emerging Technologies
Fund, reports that over the past several years the California Department of Motor Ve-
hicles has moved many services online; as a result, the wait time at its offices has gone
from several hours to twenty-one minutes. More important, McPeak underscores that
the state therefore did not need to build seven new facilities; every square foot of con-
struction that does not take place is approximately 8.5 tons of GHG that is not emitted.
Online weight loss systems could also provide a significant environmental benefit.
Americans use almost a billion gallons of gasoline a year extra in order to move the
greater body weight of the average American since 1960 (Kloeppel, 2006). Also, given
that each calorie of food that is consumed required some multiple of calories of en-
ergy to produce—for instance, 40 calories of fossil fuel per calorie of beef protein (40:1
ratio), 39:1 for eggs, 14:1 for swine, 14:1 for dairy, 10:1 for turkey, 4:1 for broilers, or
2.2:1 for plant protein (Pimentel & Pimentel, 2003)—the food needed to nourish this
additional weight represents a significant ongoing environmental cost. There are other
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environmental impacts of obesity arising from the increase in health care as well. En-
abling weight loss through online food and exercise tracking could help mitigate these
issues.

Ecoinformatics is another area in which IT is having an impact, combining ecolo-
gists’ research through computational techniques and supporting broad-scale ecologi-
cal research. One thing that undermines the immediacy of ecologists’ impact is the
speed with which ecological phenomena operate. It is not uncommon for ecologists to
undertake studies on the scale of decades, since that is how long it takes many plant
species to grow. Given this long time horizon for ecological research and the immedi-
ate relevance of this research to environmental issues, an important way in which IT
systems may be able to help is in coordinating and speeding up the process of research
and analysis. As an example of the type of project that might be useful in stream-
lining an individual ecologist’s research, consider the ButterflyNet system (Yeh et al.,
2006), which provides ecologists with computationally augmented lab notebooks. By
enabling researchers to work more efficiently, combining their research findings to
provide a broader picture of the state of various ecosystems, and disseminating these
findings to wide audiences, IT systems can assist ecologists and other scientists to con-
tribute more effectively.

An illustration of one of the stranger environmentally minded and IT-facilitated
projects comes from Australia, where an ecoburial site is being deployed:

Reflecting a worldwide trend towards environmentally friendly burials, the deceased will be bur-
ied in biodegradable coffins between gum trees in a protected koala sanctuary. “It’s an ideal
way of utilizing land and helping wildlife and vegetation,” said Kris Whitney, Lismore Council
coordinator of cemeteries. “A family can walk around the bushland and pick a site. The body can
be oriented in any direction. We promise there will be no internments within five meters. We’'ll
record accurate GPS co-ordinates.” Families visiting graves would be lent a satellite navigation de-
vice. This will be Australia’s fourth “natural burial site” with existing sites in Tasmania, Victoria,
and Western Australia. (slashdot.org, 2008)

IT systems are broadening environmental horizons across widely disparate aspects
of people’s lives, extending even beyond death.

Crosscutting

While the above sector-specific activities and innovations describe some of the most
striking ways in which IT is affecting the world, there are many other less apparent
ways. Most of these industries operate on an IT infrastructure featuring email, word
processing, spreadsheets, simulation, computer-assisted design, and many other com-
puter systems. These crosscutting technologies do not act solely for environmental
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ends; nevertheless, most or all of the above interventions are enabled to work more
effectively by the other supporting IT systems in which they are embedded.

Among other crosscutting ways that IT can improve the sustainability of various
industries is to increase accountability. According to Weihl (2009), in most companies
“the person buying the IT gear is not the same person paying the electric bill. In many
cases, they’ve never even met.” Jim Young (2009), founder and CEO of Realcomm, of-
fered a similar sentiment in a completely different domain, maintaining that there is
often a motivational disconnect between the people who build a building, optimizing
for low initial costs, and the people who end up living and working in it, who would
benefit from greater investment in energy-saving infrastructure. These breakdowns in
chains of communication and responsibility, in which different people reap the re-
wards than the people who make the decisions, provide an opportunity for IT to help
people appreciate the true costs of various actions and make choices accordingly.

The Paradox of Green Consumerism

One of the challenges in developing Green products or services is that they neverthe-
less tend to reinforce the capitalist, market-based system within which they operate.
A great deal of effort is exerted across many aspects of the global civilization to ensure
the continuation of economic growth. Unfortunately, it is not clear that perpetual
economic growth is consistent with environmental sustainability; in fact, many claim
that it is not (see, for example, Speth, 2008). By working within capitalist markets, the
impact of new systems may ultimately hit a limit beyond which they can no longer
move humanity toward a sustainable future.

As an example of this paradox, consider the screenshot of a Web page in figure 5.3.
This image shows an article in New Scientist titled “Why Politicians Dare Not Limit
Economic Growth.” The article discusses how advertising is used to enable people to
reduce their environmental footprints, but that “the one piece of advice you will not
see on a government list is ‘buy less stuff.’”” Next to this article is a large, color ad-
vertisement encouraging users to acquire a new mobile phone every year. Politicians
and corporations (such as Reed Business Information Ltd., the company that publishes
New Scientist magazine) in much of the industrialized world are firmly embedded in a
consumption-based society; to oppose consumption on a large scale would be unfea-
sible in practice.

Many entities engage in a practice that has been termed “greenwashing”: making
more of a candidate’s, product’s, or service’s green benefits than it deserves, for the
sake of selling it more effectively. There are some ideological advantages to the rise of
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Juxtaposition of article decrying consumerist advertising with a large advertisement suggesting
everyone needs a new phone every year. Reprinted with permission.

greenwashing; as people buy more products advertised as Green, they take on identities
more firmly rooted in environmental issues and may drive the market to address sus-
tainability more effectively in the future. Dubious assertions about the environmental
benefits of various objects or people, however, may cause a backlash, undermining the
apparent value of other environmentally oriented efforts and making people skeptical
about any future claims. While “Green guilt” (the feeling that one should take some ac-
tion for environmental reasons) can be a motivator in some circumstances, unfounded
claims of Greenness can cast a specious light on all environmental undertakings.

Still, while there may be a point in the future where progress- and growth-based
market economies make innovations within those systems useless or worse, at present
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there is a great deal of inefficiency that can be optimized and new lifestyles that can
be facilitated to make the “burn rate” of capitalist market economies significantly less
than it is now. There is also an unanswered question regarding what kind of economic
system would be both viable and enabling of global sustainability. Until that system is
found and the revolution comes, there must be efforts to minimize the impact within
the civilizations currently in place around the world.

This chapter has sought to provide a summary of some of the ways that IT is help-
ing to reduce humanity’s environmental impact. All of the projects described above
use IT in some way to address one or more of this planet’s environmental issues. There
are many other projects operating around the world, some used by millions of people,
and some by just a few. Ultimately, all of these projects assist people to think about
the future on a longer time scale, understand global issues more clearly, and manage
the complexity of relevant issues more effectively. By helping to broaden our horizons,
these and other IT systems can make an important contribution to human efforts to
restore the viability of the habitats in which we live.



6 Green IT and Education

One day when I was in graduate school, I was walking along a paved bicycle path near
my Davis Square apartment in Somerville, Massachusetts, on the way to the T station
(the Boston area subway). A father and son were walking a few yards in front of me. The
boy was about four years old. He was running back and forth across the path, looking
under rocks and investigating things. I saw him find something small, pick it up, and
carry it over to his father. I heard the father say, “Oh, you found a snail!” I could feel a
life lesson about to ensue. “Let’s see how far you can chuck that snail, Bobby!”

This snail story provides a lens through which to think about how children develop
broad perspectives regarding the natural world and their place in it. In my own life, if I
had run up to my parents at the age of four with a snail, they would have had different
responses. My mother might have said, “Oh, you found a snail! Let’s go put that snail
back where it came from, because it probably has a family and they might miss it.”
On the way, a short biological lesson on snails would probably have transpired. Had
I brought the snail to my father, he might have said, “Oh, that’s a snail. Why don’t
you go set it down in the grass, and I'll tell you about a time your grandfather and I
found some snails.” Then he might have told me about a time he and his father had
been fishing, and there were lots of snails around. Other parents might have additional
ways of responding to the common experience of being brought a snail by their child,
reflecting their religion (“You know, God created that snail”), thoughts on hygiene
(“Yuck, go put that down and wipe off your hands!”), or sense of humor (by telling a
joke about how the snail’s car has a big S painted on it, so when it drives by people say,
“Look at that S car go!”). There are different lessons in each of these approaches. Sports
are of central importance to some people, biology and environmentalism are crucial to
others, and family history to still others.

The perspective that we hold regarding our relationship to the living and nonliving
things around us is critical to how we view our role in the future of the world. Humans
learn about the world and our relationship to elements in it in many ways. Environ-
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mental education is an important part of this learning, from formal educational pro-
cesses such as classroom instruction, to informal learning opportunities such as those
found in science museums or on nature walks. Fostering an understanding of environ-
mental themes is a key component of enabling a large-scale response to the challenges
currently facing Earth.

Educational activities are often seen as a way to “broaden people’s horizons.” In dif-
ferent ways, history, science, literature, and many other disciplines expand students’
ability to think about scales of time, space, and complexity beyond their own direct ex-
perience. This chapter seeks to explore ways in which IT currently impacts the domain
of environmental education and the potential ways in which it could have an impact
on this field in the future. An examination of the role of IT in environmental education
may be helpful in an effort to understand the details of many people’s first exposure to
environmental issues.

Education and Learning

In order to understand the role that IT can play in education, it is useful to start with
a brief discussion of what education is. Education has been described in a variety of
ways. The Oxford English Dictionary offers the following definition: “The systematic in-
struction, schooling or training given to the young in preparation for the work of life;
by extension, similar instruction or training obtained in adult age” (OED.com, 1989a).
Citing A Concise Dictionary of Education, a 1997 report to the U.S. Department of Educa-
tion references the following definition: “1. Any process, formal or informal, that helps
develop the potentialities of human beings, including their knowledge, capabilities,
behavior patterns, and values” (Libutti, 1997). Going back to Latin roots reveals “e +
duco”: “To lead out.”

These definitions suggest two key attributes of education: a learner, and some other
entity or structure that helps an individual engage in certain kinds of learning. There-
fore, education will be defined here as “the process by which one or more individuals
or institutions fosters certain kinds of learning in an individual.”

Learning, in the broadest sense, is central to many of the projects and themes dis-
cussed in this book. This chapter deals specifically with education, which involves both
a learner and some structured mechanism for “teaching,” rather than with learning in
general. Education affects not only how one thinks about the explicit topics involved
in the learning process but also one’s behavior, worldview, and identity. IT can fa-
cilitate both sides of this process, helping teachers consolidate their ideas and present
them in a way that supports learning most effectively, and helping learners engage
with the educational process in as productive a way as possible.
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Formal and Informal Education

Education takes place in a variety of settings and is facilitated by a range of social struc-
tures. Schools are perhaps the best-known framework for education; nevertheless, edu-
cation takes place in other social and community contexts as well. Education research
has long recognized the ways in which informal, home, and community-based learn-
ing can support and/or conflict with school-based teaching practices. Environmental
learning can occur in both formal and informal contexts.

Formal Educational Contexts

There is a range of institutional entities that support formal educational processes. A
key characteristic of this type of education is ongoing direct contact with trained teach-
ers in a structured setting.

Various governmental and intergovernmental efforts seek to provide guidance
on the processes and materials that are adopted in formal educational settings. For
example, UNESCO (2007) is the United Nations’ agency with the goal of improving
worldwide education. In particular, UNESCO has an initiative that relates directly to
sustainability—the Education for Sustainable Development effort. As its site reports,
“This educational effort will encourage changes in behaviour that will create a more
sustainable future in terms of environmental integrity, economic viability, and a just
society for present and future generations” (UNESCO, 2005). Several U.S. governmen-
tal agencies have also teamed up to create the GLOBE program, a project seeking to
engage students around the world in environmental education through citizen science
projects and other efforts (globe.gov, 2009). The GLOBE program provides an array of
IT support for this learning; for example, the program’s Web site allows students to up-
load environmental measurements, submit digital images, and access relevant online
resources.

Other large-scale organizations also seek to help supply overarching structure to
educational undertakings. The U.S. National Research Council provides “National Sci-
ence Education Standards” (National Academy of Sciences, 1995) that specify areas that
all students in the U.S. educational system should know, according to age and grade
level. The science that supports an understanding of environmental issues pervades
many aspects of these standards. For example, the Life Science Standards include the
following topics at each grade level:

* Kindergarten through fourth grade: “Organisms and environments.”

« Fifth through eighth grade: “Populations and ecosystems; Diversity and adaptations
of organisms.”
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* Ninth through twelfth grade: “Interdependence of organisms.” (National Academy
of Sciences, 1995)

In addition to the broad scientific underpinnings, there is also a specific section titled
“Science in Personal and Social Perspectives Standards” that includes the following
topics:

* Kindergarten through fourth grade: “Changes in environments.”

« Fifth through eighth grade: “Populations, resources, and environments.”

« Ninth through twelfth grade: “Population growth; Natural resources; Environmental
quality; Science and technology in local, national, and global challenges.” (National
Academy of Sciences, 1995)

California’s standards offer:

* Kindergarten: “Students know how to observe and describe similarities and differ-
ences in the appearance and behavior of plants and animals.”

* First grade: “Plants and animals inhabit different kinds of environments and have
external features that help them thrive in different kinds of places”; “both plants
and animals need water, animals need food, and plants need light”; and “animals eat
plants or other animals.”

* Fourth grade: “In any particular environment, some kinds of animals survive well,
some less well, and some cannot survive at all.”

* Sixth grade: “Organisms in ecosystems exchange energy and nutrients among
themselves and with the environment.”

* Ninth through twelfth grade: “Students know diversity is the sum total of different
kinds of organisms and is affected by alterations of habitats”; “students know how to
analyze changes in an ecosystem resulting from changes in climate, human activ-

ity, introduction of nonnative species, or changes in population size”; and “students
know how fluctuations in population size in an ecosystem are determined by the
relative rates of birth, immigration, emigration, and death.” (California State Board of
Education, 2004)

Formal education often provides a society’s baseline of educational material. The
content of formal education standards must be balanced with the standards and cur-
ricular demands of other subject areas, and must be approved before they can serve
as guidelines for classroom curricula. Therefore, such content may not reflect all per-
spectives, and may not be able to respond rapidly to current events. The fact that
environmental topics are making their way into the canon of school-based content is
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heartening; however, informal educational settings may be more appropriate for the
most cutting-edge content in this area.

Informal Educational Contexts
Education that takes place out of school provides opportunities for learning that may
not be appropriate or viable in formal educational settings. Venues for informal edu-
cation include science centers, after-school programs, community organizations, and
homes. The structural entity offering the instruction may vary, from museum exhibits
to librarians to parents themselves. Additionally, the learner may be a school-age stu-
dent or a person at any point in their life (“life-long learning”).

As testimony to the importance of informal education, NSF offers a substantial
grant-making program called Informal Science Education (ISE) to support these kinds
of learning opportunities. According to NSF:

Informal learning happens throughout people’s lives in a highly personalized manner based on
their particular needs, interests, and past experiences. This type of multi-faceted learning is vol-
untary, self-directed, and often mediated within a social context (Falk, Dierking, & Foutz, 2007),
it provides an experiential base and motivation for further activity and subsequent learning.
The ISE program invests in the development of experiences that encourage informal learning
in science, technology, engineering, and mathematics (STEM). It promotes public engagement
with and understanding of STEM through such means as exhibitions, media projects, emerging
learning technologies, and educational programs. ISE-funded projects reach audiences of all ages
and backgrounds across the nation in museums, theaters, community centers, in virtual environ-
ments and many other settings, including outdoor environments and their homes. (U.S. National
Science Foundation, 2006a)

Informal education is well matched to environmental themes for at least two main
reasons. First, because private institutions tend to be able to change more rapidly than
public ones, informal education can enable a faster response to global changes. As was
discussed in chapter 2, the known environmental issues facing the world are becoming
worse; in addition, there may be additional environmental concerns that have not yet
been discovered. Therefore, the ability to respond rapidly is of significant value.

Second, because many kinds of informal education are not held to the same stan-
dards of governmental regulation, it is possible that informal settings could be a better
context for learning about potentially controversial topics relating to environmental
sustainability. Due to the social forces that must be satisfied in order to change for-
mal educational policies, from science to economics to religion, certain ideas may be
prohibited or considered inappropriate for formal settings. Informal settings are thus
better for encouraging learning about topics that may be contested by economic stake-
holders or other constituencies.
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Interactions

Formal and informal educational systems can interact together in a number of ways.
For example, grade school children may learn about recycling in the course of their
formal education; thereafter they may come home and teach their parents about it—a
form of informal education. Alternately, a child’s understanding of physics developed
while interacting with the informal education presented by science museums could
become foundational for learning in a formal physics classroom years later. Sometimes
different forms of formal or informal education may clash. For instance, the current
debate over evolution versus intelligent design demonstrates that the way current sci-
ence is taught to a class of high school students does not reconcile well with the way in
which Christianity is taught to a congregation.

IT affects the way in which these formal and informal systems interact. For example,
students doing their homework can consult informal educational Web sites or use cam-
era phones to share their trips to science museums during class (e.g., show-and-tell).
Technological systems find their way into many aspects of society, and both formal
and informal educational contexts are no exception.

Educational Challenges

Fostering learning about environmental issues and related scientific fields offers a
number of significant challenges to educators. Ecology, for example, is a field of study
that pertains directly to environmental issues. The National Science Education Stan-
dards discussed above (National Academy of Sciences, 1995), which include education
about ecology, recommend the use of discovery-based methods for science education.
Discovery-based methods share much in common with the scientific method (e.g.,
hypothesis formation, experimentation, and analysis), and hence are well suited to
most science learning. While many scientific fields offer exciting opportunities for in-
teractive discoveries, however—such as explosions and other reactions in chemistry,
or objects in motion in physics—ecology is more challenging for children to interact
with in a traditional learning context. The ideas related to ecology are often complex
and abstract, involving changes that occur over large amounts of time and space. Dif-
ferent habitats span across many kilometers, and environmental change frequently
happens over years and decades. Developing a discovery-based educational program
around ecological and environmental ideas is therefore more difficult than other kinds
of science education.

To help students learn ecology effectively, educational approaches would benefit
from enabling students to explore and interact with natural systems. Most children,
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though, have limited access to the natural settings that would allow them to study eco-
logical ideas effectively. Even if students have access to the outdoors, the ecosystems in
their geographic area represent a small subset of all possible habitats. Learning about
the relationships among different habitats (e.g., rivers and floodplains) and ecological
themes that span many different habitats (e.g., predator/prey interactions) might be
improved by direct access to multiple ecosystems. Nevertheless, giving these students
access to many different ecosystems is logistically challenging and prohibitively ex-
pensive.

Even for students with ready access to natural systems, it may not be viable for them
to visit on multiple occasions. Since change occurs so slowly, with regard to the time
scales of human activity, returning in a decade to see how the ecosystem has trans-
formed is not a viable option for most human learning. The long time spans across
which many ecological phenomena operate make it difficult to engage with ecological
themes in most educational settings.

Additionally, one of the main mechanisms through which science is taught is via
student-led experimentation. However, while it is perfectly fine for students in a phys-
ics classroom to measure Earth’s gravitational pull, it is potentially problematic for
students in an ecology education setting to experiment with living organisms and real-
world ecosystems. Such experimentation could raise an array of legal, moral, and ethi-
cal problems, from site selection to the choice of intervention to the rehabilitation of
failed experiments.

Because of these and other challenges, facilitating ecology education through ex-
periential and discovery-based methods can be impractical using traditional tools and
techniques. However, as will be described in the next section, IT can help to address
many of these issues.

Role of IT

IT is enabling a rapid rise in many new forms of education. Several characteristics of
IT make it particularly appropriate for environmental education. While there is no full
replacement for direct interactions with real ecosystems to engage learners with envi-
ronmental themes, IT-enhanced education has a number of advantages that could be
useful in supporting learning around these complex ideas.

First, IT is helpful in its ability to simulate real-world systems. Although a simulation
may not have the full complexity of the real-life phenomena on which it is based, the
necessary simplification can be beneficial to the learning process. By limiting the com-
plexity of the system, a simulation may be able to make the content more accessible
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to learners and allow them to focus on key aspects of the phenomena. This ability to
enable emphasis at specific points may be particularly valuable for educational systems.

Additionally, IT can help to compress and expand both time and space. Years in a
simulation can elapse in seconds of real time, for instance, and kilometers can be con-
densed down to a few pixels. Graphical visualizations can present large bodies of data
in the space of a single screen. The ability to manipulate and display information at
rates significantly faster than the flicker fusion rate of the human visual system (that is,
the rate at which people perceive a series of images as a continuous animation) causes
IT systems to be well suited to displaying phenomena across broad continua of time
and space.

IT can also scaffold human interaction and understanding through various different
media. Allowing learners to act on a system and see the result is an integral aspect of
discovery-based science learning, and is consistent with the scientific method. While it
is a current topic of debate in educational research communities about how well learn-
ing through simulation transfers to the real world, simulation may provide the best
option for gaining a robust understanding of complex systems that operate over long
time horizons, such as those studied in restoration ecology.

IT is useful for education in part because interactive media appear to have a great ap-
peal for many people, especially children. Interactive systems can engage people with
complex content, as can be seen by the growth of the video game industry. Many chil-
dren spend dozens of hours per week voluntarily playing games, browsing the Internet,
and interacting with other forms of IT. Traditional educational systems, on the other
hand, often struggle to garner children’s enthusiasm.

Looking at broader, ideological questions, IT-based systems are beneficial because
interacting with IT does not carry the same kind of legal, ethical, and moral concerns
that real-world ecological manipulations might have. Eliminating an endangered spe-
cies from a real-world habitat is reprehensible; doing so in a simulation is merely edu-
cational. IT provides opportunities to run tests and explore alternatives that would be
ideologically or physically untenable in real life.

IT-Based Environmental Education Projects

Over the past several decades, a variety of efforts have been undertaken to enhance
environmental education through IT. While it is not practical to review all of these
projects, this section seeks to provide a number of examples that help to define the
breadth of such endeavors.
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Classroom-based environmental education is facilitated by IT in a number of ways.
Tom Moher’s research group at the University of Illinois at Chicago has several projects
that illustrate one new form of IT-enabled classroom learning. The HelioRoom project
attached several monitors to the walls of a classroom, with circles of various colors
moving slowly across and between the monitors to represent different planets, thereby
assisting students to understand planetary motion (Thompson & Moher, 2006). The
RoomQuake project used monitors to display readings from virtual Richter scale me-
ters, each displaying a different reading when a virtual earthquake occurred, thereby
permitting the students to triangulate the quake’s location (Moher, Hussain, Halter,
& Kilb, 2005). The WallCology project situated a virtual ecosystem on the walls of a
classroom, with several monitors serving as portals into that ecosystem through which
students could collect data about different species (Moher, Uphoff, Bhatt, Silva, & Mal-
colm, 2008). Together, these three systems demonstrate a novel way in which technol-
ogy can be integrated into formal classrooms over multiple class periods, as a means of
broadening students’ understanding of various complex phenomena.

Another project, IT-E3 (2004), undertaken at the University of California, San Di-
ego and nearby grade schools, seeks to encourage 12- to 15-year-old girls to become
engaged with science and engineering through environmental issues via hands-on cur-
ricula as well as an online game. In addition, many college and university courses in
environmental studies feature IT resources prominently, from simulation to project
management to impact evaluation. These in-class uses of IT can strengthen existing
formal educational structures.

Outside of school, the Web sites of PBS (PBS.org, 2008), the BBC (bbc.co.uk, 2008a),
the EPA (U.S. Environmental Protection Agency, 2008b), and various other organiza-
tions (Kaboose.com, 2008) feature a variety of online interactive pages pertaining to
nature-based and environmental themes. Computer games such as Sid Meier’s Civiliza-
tion IV (Meier, 2005), Adventure Ecology (adventureecology.com, 2009), and Genius
Task Force Biologie (Radon Labs, 2008) provide players with opportunities to explore
environmental themes such as sustainability, global warming, and ecological restora-
tion through interactive play experiences. These projects are targeted at a broad audi-
ence that spans different age groups and backgrounds, covering topics from pure sci-
ence to social activism.

Academic researchers and museum exhibit designers have also developed participa-
tory simulations around various topics for out-of-school settings. For example, the En-
vironmental Detectives project led by Eric Klopfer at MIT’s Teacher Education Program
allows children to play the role of environmental engineers trying to track down a
toxic waste spill as they explore an augmented reality by using handheld devices (Klop-
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fer, Squire, & Jenkins, 2002). Participatory simulations allow participants to learn about
environmental topics by interacting with a system and other participants. Through
this process, they can begin to develop an understanding of the complex problems
involved in environmental issues by interacting with a simplified version designed to
scaffold their explorations.

Example Project: EcoRaft

EcoRaft (Tomlinson et al., 2006), a participatory simulation created by my research
group and our collaborators at the University of California, Irvine, provides a case
study of the way in which IT may affect present and future forms of education.’ The
project was a collaboration between my research group of computer scientists and art-
ists, and a group of ecologists led by Professor Lynn Carpenter. It was developed in
consultation with educators from Discovery Science Center, a science museum in Santa
Ana, California, several miles from the University of California, Irvine.

EcoRaft allows children to learn about the science of restoration ecology by playing
the role of ecologists working together to restore a virtual rain forest (see figure 6.1).
In this interactive exhibit, three computer-animated “virtual islands” of habitat are
arranged around a central space, each displayed on a computer monitor. Each island
is inhabited by several different animated species of animals and plants. Children in-
teracting with the exhibit can use three tablet-based personal computers (tablet PCs)
as virtual collecting boxes to carry virtual organisms between the islands. The exhibit
provides children with the opportunity to see how different species interact and watch
the impact of new species on existing habitats. By allowing them to explore these
and other ecological phenomena, EcoRaft helps children engage in discovery-based
learning acts to figure out for themselves how they might undertake environmental
restoration.

During the development of the project, the designers worked with the ecologists to
decide on several key principles for the exhibit, so that the simulation would reflect
current research in restoration ecology (Carpenter, Nichols, Pratt, & Young, 2004). The
final list of principles included:

+ Biological communities may be easier to destroy than to rebuild.

+ Restoration requires an understanding of the local ecology.

+ Conservation of native species and their habitats is important to restoration.
+ Restoration is a collaborative effort.

+ Humans can have both negative and positive impacts on ecosystems. (Pratt, Car-
penter, & Tomlinson, 2006)
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Figure 6.1
Children work together to restore virtual ecosystems in the EcoRaft exhibit.

These principles were intentionally modeled after items in the National Science Con-
tent Standards for children ages 6 to 14, the target population for the exhibit.

To offer a sense of the vision behind the project, the following paragraphs describe
the expected exhibit usage, drawn from a previously published paper (Tomlinson, Bau-
mer, Yau, Carpenter, & Black, 2008):

Sara walks into the EcoRaft space and looks at the three flat screen displays in front of her, all
showing images of a lush, green, thriving rain forest with the sounds of birds chirping and a light
rain falling in the distance [see figure 6.2]. Each one of the 26-inch LCD monitors is connected
to a desktop computer, placed beneath the kiosk on which the monitor rests. As she approaches
one screen, she notices that there are small creatures flitting from one plant to another. Sara sees
that the creatures in the scene are hummingbirds, as one flies up to the foreground of the screen.

Over her shoulder, Sara sees Thomas run up to another one of the islands. After peering at the
screen for a few moments, Thomas sees a button in front of the display labeled “Farm.” He de-
cides to press this button, but to his surprise all of the plants and animals disappear, and the rich
brown soil on the island turns a sickly reddish color as all the nutrients fade from it. “Oh no!”
Thomas cries, “what happened?” Sara walks over and draws his attention to the on-screen text
display and accompanying voice recording, explaining that the island has been deforested from
over farming. The guidelines on the screen say to use tablet PCs to bring species from the other
islands in order to restore this one. Looking around, they see a table with several tablet PCs on
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Figure 6.2
In EcoRaft, the virtual ecosystems become more lush as the restoration progresses.

it with a sign showing that they can be used to move species. Sara and Thomas decide to restore
the island together.

On the table are three different tablets, each for carrying a particular species. Two are seed
boxes, one of which carries seeds for the Erythrina species, also called the coral tree; the other box
carries seeds for the Heliconia flower. The third tablet is a birdcage used to carry hummingbirds.
Sara decides to pick up the hummingbird cage, while Thomas chooses the Erythrina box. The two
walk over to one of the thriving islands, and they notice that this island has no farm button. The
island is labeled “National Park,” and Sara points out that you probably are not allowed to farm
on National Park. Thomas says this is good, otherwise people might farm everywhere and there
would be no rain forest left.

Sara lifts the tablet up to the screen, as suggested by the diagram above the table, saying,
“Come here, hummingbird, jump.” After a moment, a hummingbird flies up to the front of the
screen, vanishes from the large LCD, and reappears on the tablet. After watching Sara pick up a
hummingbird, Thomas lifts his tablet up to the island. A seed falls off of one of the coral trees and
bounces into his box. He notices that, when he tilts the box, the seed rolls around in the box, just
as a physical seed would. Seeing that, Sara tilts her tablet too, and the hummingbird responds by
flying toward the highest point in the cage.

The two now carry their organisms over to the deforested island. Sara starts by holding the
birdcage up to the island, and the hummingbird quickly zips off the tablet and appears on the
LCD screen. However, there is nothing growing on that island; the text display and voice over tell
them that there are no flowering plants on which hummingbird can feed. After flying around for
a time and finding no food, the hummingbird turns and flies away. Thomas suggests that Sara
plant a Heliconia flower for her hummingbird. Sara returns the hummingbird cage, picks up the
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Heliconia box, gets a seed, and plants it on the deforested island. The seed lands firmly in the
soil, but, as the system soon states, there are not sufficient nutrients in the deforested area for the
Heliconia to grow. Sara turns to Thomas and suggests that he plant his Erythrina tree, which he
does. The tree quickly grows to a large size, and the children can see a ring of brown, nutrient-rich
soil emanating from the base of the Erythrina. Within a few moments the system notifies them
that the Erythrina has added sufficient nutrients to the soil, and the children watch excitedly as
the Heliconia seed germinates and grows into a flower. Sara and Thomas rush over to pick up the
birdcage, collect a hummingbird, and bring it to the newly restored island. The two release the
hummingbird and laugh as it begins contentedly feeding on the Heliconia flowers they planted.
The two children try moving the species around in different combinations, and teach several
other children who come over to the installation how it all works.

Implementation Details

The infrastructure of EcoRaft is an example of a growing area of IT known as multi-device
systems—systems that involve several collocated computing devices working together
to provide a coherent experience across all of them. The multi-device system on which
the EcoRaft exhibit operates is based on several main implementation elements—net-
working, graphics, sound, embodied mobile agents, real-world sensing technologies,
and a novel interaction metaphor.

Networking EcoRaft uses infrared (IrDA) and wireless Ethernet (Wi-Fi) signals to com-
municate among the component devices. IrDA is the same technology utilized in tele-
vision remote controls. Wi-Fi is the technology typically used to enable wireless Inter-
net access in office buildings, cybercafés, and homes.

There are several characteristics that make IrDA well suited to the EcoRaft system.
First, it is relatively short-range, thereby enabling the system to sense the proximity of
the devices to each other. Second, it is directional, requiring the two devices to be fac-
ing each other with a line of sight between them. This directionality allows the system
to have an awareness of the relative orientation of its component devices and thereby
coordinate the graphics between those devices, creating the appearance of graphical
continuity between them (see the “Graphics” section below). Third, [rDA came built-
in with the tablet PCs, thus preventing the need for external attachments that might
break easily. IrDA adapters were also readily available for the monitors.

One drawback of IrDA is its speed. While it is fast enough to transfer small amounts
of information, it is not fast enough to permit significant graphic information or other
data to be passed across it without a human-perceivable lag. Wi-Fi is much faster, but
lacks the proximity and directionality characteristics of [rDA. As such, in EcoRaft the
devices identify each other by exchanging IP addresses via [rDA and then switch to
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Wi-Fi to conduct the bulk of the necessary interdevice data transfer. This hybrid ap-
proach allows the system to utilize the most effective characteristics of both IrDA and
Wi-Fi communication media.

Graphics Once two devices have established communication through IrDA and Wi-
Fi, it becomes possible for them to create the appearance of a continuous graphic world
between them. This illusion is created by playing the first half of an animation on one
screen and the second half on the other, and carefully timing them so that the second
half starts shortly after the first. For example, in order for a hummingbird to fly from
one of the monitors to one of the tablets, it would first need to animate from its initial
position to the foreground of the monitor, and then disappear from the monitor and
reappear at one edge of the tablet.

Proximity and orientation are important to the believability of cross-device anima-
tion. If the two devices are far apart, a person will not be able to see both of them at
once. If the devices are not oriented correctly, the motion on one screen will not appear
to be continuous with that on the other screen.

Certain assumptions are made in the EcoRaft exhibit to help the graphics coordi-
nate smoothly across different devices. For instance, the monitors are assumed to be
upright, while the tablets are assumed to be horizontal, facing up. These assumptions
allow the relative orientation sensed by the IrDA to specify a unique relationship be-
tween the two, and ensure that the animation appears to move believably from one
screen to the other.

Sound Just as graphics can be coordinated across devices, so too can sounds be played
on various devices to enhance the believability of the multi-device virtual world. Spe-
cific sound effects, such as a *zip* for a flying hummingbird, transition from one de-
vice to another, thereby helping create the illusion that various organisms are moving
among the devices.

In addition to specific event- or agent-driven sounds, ambient sounds also arise
from each device, thereby creating a dynamic surround-sound system that helps create
an engaging experience for participants. For example, one island in the exhibit features
audio based primarily on the sound of a waterfall, a second has several distinctive
birdcalls, and a third has wind blowing through trees. This multi-device soundscape
helps participants orient themselves among the different devices. The sound track from
each island also changes over time based on the success of restoration on that island,
thereby allowing participants to sense which islands are most in need of restoration.
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Synchronization of audio across several devices is an important challenge in the de-
velopment of multi-device systems. Enabling aural continuity across devices supports
the graphical seamlessness of the cross-device animation. In addition, audio provides
subtle but valuable cues to the participants about where to focus their attention.

Embodied Mobile Agents The animated characters and creatures that inhabit multi-
device systems are called embodied mobile agents (EMAs) (Tomlinson, Yau, & Baumer,
2006). EMAs are a kind of autonomous agent—that is, a computational entity capable
of acting in its world (whether a real world or a virtual one) to satisfy its needs and
desires. The research field that studies autonomous agents has much in common with
artificial intelligence, but focuses more closely on agents as entities that are situated
in some environment and the interactions among groups of agents (i.e., multiagent
systems).

The hummingbird EMAs serve as the primary “point of contact” for people interact-
ing with EcoRaft. In addition to the hummingbirds, the seeds of several plant species
are able to bounce out of the plants and into the collecting boxes carried by partici-
pants. EMAs provide an agent-oriented way of connecting the different devices togeth-
er, enabling people to perceive the devices as parts of a unified system. Seeing an EMA
move from one device to another helps people understand that each device is part of
the whole, and that they can therefore interact with all of the devices together.

Real-World Sensing Technologies EcoRaft also features two real-world sensing tech-
nologies that enhance the feelings of engagement and believability fostered by the
exhibit. The first, accelerometers that are built into the tablets, allow hands-on in-
teraction with the EMAs. For example, when a participant is carrying a tablet with a
hummingbird EMA in it, the hummingbird will always fly to the highest point on the
screen. If a participant is holding the tablet in both hands, facing up, and raises the
right side, the hummingbird will fly to the right; if the participant tips the front down,
the hummingbird will fly to the back. In the same way, the seeds of the various plants
can be made to roll around in the tablet, exhibiting simple physical behaviors such
as rebounding off the walls of the virtual collecting box. This direct interaction with
entities in the multi-device virtual world helps to break down the barriers between that
world and the real one, potentially leading to an increased transfer of learning.

A second sensing technology is a Webcam mounted above each of the three moni-
tors. When a participant approaches one of the monitors the Webcam above it detects
the movement, causing one or more of the hummingbirds to fly up to the front of the
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screen. In addition, movement by a participant causes a flower hanging in the fore-
ground to sway, as if caught in the breeze caused by the participant moving.

Taken together, these two real-world sensing technologies make a stronger con-
nection between the world in which the participants live and the world of the hum-
mingbirds, thus potentially helping participants to make connections between lessons
learned in the simulation and phenomena in the real world.

Interaction Metaphor The project is based on a novel metaphor that underlies the
way people interact with computers. Existing metaphors that direct people’s interac-
tions with devices include: “The computer is a typewriter,” “The computer is a desk-
top,” and “The computer is a notebook.” Interactional metaphors are useful because
they allow people to draw on their experience with familiar objects and interactions
to inform their interactions with unfamiliar technological innovations (Negropon-
te, 1991). In the EcoRaft system, the core metaphor is: “The computer is an island.”
Along with this metaphor comes the idea that mobile devices are objects that might
carry things between islands, such as rafts, boats, or scientists’ collecting boxes. This
metaphor helped to inform the implementation of the project and frames children’s
interactions with the technological system in a way that is more grounded in environ-
mental themes than previous metaphors. Whereas typewriters, desktops, and note-
books are all products of human ingenuity, and hence help to perpetuate a separation
between people and other entities in the world, islands are not human innovations,
and therefore may help to break down the separation between people and other parts
of nature.

Insights about Environmental Education and Technology

EcoRaft has been shown to several thousand people to date, including several hundred
children at Discovery Science Center and our research lab. In order to evaluate the
exhibit’s impact on audiences, the research team interviewed thirty-eight participants,
including fourteen children. These interviews, in addition to passive observation of
many of the several thousand other participants interacting in small groups, provided
some insight into the ways in which people perceived the system. The following para-
graphs describe some findings from these studies. (For a full analysis of these inter-
views, please see Tomlinson, Baumer, Yau, Carpenter, & Black, 2008.)

One theme that emerged from the interviews involved the idea of self-directed
learning. When asked how he learned how to interact with the system, one child said,
“Well, I kind of looked at someone else, and when I just came there, I moved the blue
button and I saw what happened to the screen, and I knew it was a bad idea to touch
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it. I am not really sure how I figured the rest.” This response about figuring it out by
looking at other people was echoed by many other interactions witnessed by the re-
search team, suggesting that EcoRaft provides participants with sufficient scaffolding
to figure out how to interact with the exhibit. A number of design elements supported
participants’ self-directed learning, including periodic graphical and audible feedback
(e.g., “The heliconia you planted can not grow in completely degraded soil”), and the
positioning of text on the screens of the tablets so that participants “naturally” tended
to hold those devices in the proper configuration for the devices to communicate. En-
abling children to figure out for themselves how to interact with a system is helpful in
ensuring they feel both a sense of discovery and empowered to explore aspects of the
system.

A second major theme that arose in the interviews involved collaboration. Each of
the children interviewed mentioned collaboration in some way. Collaborating with
others was described by one participant as “more fun” and that they “need to work to-
gether.” Collaboration was one of the key themes that emerged from discussions with
the ecologists, and as such, had been built into the exhibit’s structure; since each tablet
could carry only one species, at least three participants had to work together in order to
restore an island fully. Having collaboration emerge in the interviews suggests that the
technological and design elements succeeded in encouraging people to work together
while restoring the virtual forests.

A final theme that recurred during the interviews was a push toward complexity.
When asked how the exhibit could be improved, one child requested “lions and tigers!
And jaguars! And snakes! Big snakes! Poisonous snakes! Alligators and crocodiles.” This
response certainly showed enthusiasm for the idea of ongoing interactions with virtual
species, but also pointed to one of the challenges faced by designers of interactive tech-
nologies. People often feel a system would be improved by additional capabilities—a
phenomenon sometimes called “feature creep” in the design of software systems. Too
many additional features make it harder to understand the system as a whole, however,
especially for novices. Hence, although there was excitement about adding other spe-
cies, the designers decided that a smaller number of species would help participants
engage with the core ecological themes more effectively in the short period of time
available at a science museum than a more abundant virtual ecosystem would. The
development team is nevertheless contemplating future versions of the exhibit that
might involve some of the charismatic megafauna mentioned above.

IT can facilitate new ways of responding to the challenges in environmental edu-
cation described earlier in this chapter. EcoRaft provides one example of how new
forms of interactive technology can enhance education around environmental themes,



126 Chapter 6

enabling participants to experiment with ecology in ways that would be impractical,
immoral, or both if they were attempted in the real world.

In terms of practicality, the simulation helps to compress time and space, allowing
visitors to interact with phenomena that occur over dozens of years and hundreds of
kilometers. The exhibit helps children engage with deep ecological concepts, despite
their relatively short attention spans and limited ability to travel in the world, con-
densing several decades of ecology research in Costa Rica into a five-minute experience
at their local science museum. In addition to making it more interesting (cutting out
all the “boring” parts waiting for trees to grow), the system also narrows the focus of
the experience, guiding learners to attend to the most salient elements of the systemic
processes that determine how species interact. By directing the learners’ attention, the
exhibit helps them learn key lessons in ecology without the often-overwhelming po-
tential for distraction found in most real ecosystems.

In terms of morality, enabling children to experiment with simulations can allow
them to learn about the impacts of various decisions without any harmful effects on
real-world organisms or ecosystems. While children also need to learn that there is no
“reset button” on real ecosystems, having a wider margin of acceptable error is worth-
while when trying to figure out complex phenomena, especially in the earliest stages
of the process.

Thus, while there is no substitute for the engagement that could occur while crawl-
ing around the rain forest, looking at insects and smelling the dirt, EcoRaft does appear
to provide a number of advantages in facilitating students’ learning about ecological
themes.

EHCC Perspective

The EHCC described in chapter 1 provides a lens through which to understand the
environmental impact of Green IT projects such as EcoRaft.

Looking specifically at EcoRaft, the project broadens the horizons of its users, en-
gages people physically with environmental topics, and positions humans at the center
of both the world’s current environmental issues and the future means of addressing
them. The interactive experience extends users’ horizons in several main ways. First,
the simulation speeds up time, letting participants take action and see results that
would take many years to unfold in real life. For example, the growth of a tree takes less
than a second in EcoRaft, rather than decades as in the natural world. This condensing
of time allows people to learn about the underlying principles of phenomena that oc-
cur over decades or longer in reality. By helping people’s powerful ability to learn about
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short-term phenomena focus instead on much longer-term events, EcoRaft extends
users’ temporal perspective. Similarly, the simulation condenses space by enabling par-
ticipants to engage with an entire ecosystem in the space of a single room and reduces
complexity by abstracting away many of the details of ecological interactions.

Second, the exhibit concentrates on ecological restoration, a process that is ideo-
logically separated from the ecological destruction that is more characteristic of the
modern era. If destruction is like a car going forward, and conservation is the process
of bringing that car to a halt, then restoration is putting the car in reverse. Effectively,
restoration lies on the other side of conservation from habitat destruction. By connect-
ing people to ideas that may only be possible on a large scale many years from now, but
that are nevertheless a major need in environmental action, EcoRaft aids in extending
the time scales on which people think.

The way the project engages participants’ bodies in the interaction is also important
to its potential for environmental impact. By centrally incorporating the tangibility
and mobility of the tablets in the interaction, the interface helps people learn a visceral
connection to the ideas in the exhibit. Also, by fostering collaboration among par-
ticipants, EcoRaft builds a sense of connection between people by associating a social
reward with environmental action.

Finally, by positioning the human participants at the center of the exhibit (both
ideologically, because of the key role people play in the virtual restoration, and physi-
cally, due to the structural configuration of the three monitors facing in on a central
interaction space), EcoRaft helps people implicitly understand the critical role that peo-
ple play in present and future environmental transformations. Humans created a great
deal of the current environmental change, and humans need to take action to make it
better. Through the interaction it enables, EcoRaft places participants at the heart of
a virtual ecosystem, a restoration effort, responsibility, and the possibility for positive
change. EcoRaft is just one example of “the potential of videogames and immersive
participatory simulations for engaging children in rich socio-technical contexts, where
they address meaningful problems, and through which they can learn and collabora-
tively experience all stages of scientific inquiry” (Barab & Dede, 2007).

Looking beyond EcoRaft to other educational Green IT projects, there are many dif-
ferent ways in which the EHCC approach broadens people’s horizons. IT-enabled for-
mal and informal educational efforts allow students to develop the intellectual ground-
ing to understand the complex interconnections across evolutionary time scales,
within and between ecosystems, and among many different areas of study. IT can also
facilitate the engagement that will allow students to motivate themselves to continue
learning beyond required educational participation. Education of children and adults
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around the world is a critical part of enabling human civilizations to become sustain-
able; extending people’s horizons can assist us to make informed decisions in all facets
of our lives.

In the coming decades, education may develop in a wide variety of directions. Cur-
rently in the United States there is an emphasis on education that prepares students for
standardized tests. While ensuring that all children in a society share certain capabili-
ties is an excellent idea, the processes currently being used to enact this idea do not
always take into account the variety of learning styles, interests, and backgrounds of
the diverse children across the country. A more agile and responsive system, run by
teachers and facilitated by technology, that permits each student to learn in ways most
effective for them could be an improvement over the monolithic educational system
currently in place in the United States.

Educational systems of one kind or another are ubiquitous across human cultures.
In order for environmental ideas to have longevity, there must be an educational plan
through which future generations are encouraged to understand their role in the global
ecosystem. IT can have a major role in facilitating forms of education that help people
to understand and embrace sustainable ideals.

Education plays a key part in the political process of environmental action as well.
As Bruce (2009) commented at the Greening of the Internet Economy conference, “If
all good policymaking comes from the people, the people need to understand the sci-
ence. . . . ICT can facilitate that.” Enabling people at all levels—from grade school
through university and into their lives as citizens, professionals, policymakers, and
educators themselves—to broaden our horizons of time, space, and complexity can
help the global civilization respond effectively to global environmental change.

Returning to the snail story that opened this chapter, the informal and formal les-
sons that children are taught throughout their lives about their relationship with other
elements in the natural world have a great impact on their environmental decision-
making processes. This chapter has offered ideas on how technology may be situated
in environmentally grounded education to support core lessons about our engagement
with the world around us.
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My grandfather worked at Scott Paper Company during World War II. In order to save
energy and thereby help the United States fight the Nazis, the company had a rule
that, if employees were going down two floors or up one, they should take the stairs
rather than the elevator. I have sought to use this strategy in my own activities, and
sometimes mention it to classes of my students. It makes sense to me (given how
much energy it must take to move an elevator up and down a building), and is a kind
of personal change that is easy to understand and adopt into one’s life. Recognizing
how personal decisions and actions connect to major impacts is a kind of broadening
of horizons. These connections may be obvious, in which case the effort is primarily
one of reminding people of them and overcoming behavioral inertia, or nonobvious,
in which case the effort also involves making the case for the value proposition and
specifying the benefit of the action. They may involve integration across various facets
of one’s own life, or integration of one’s own life with aspects of other people’s lives
or with existing or new infrastructure. Encouraging people to enact personal change
can be beneficial for several reasons. First, behavioral choices can have a direct effect,
reducing the person’s environmental impact. Second, taking environmentally sound
actions can reinforce people’s identities as environmentally minded individuals. Fi-
nally, environmental decisions can provide support for other people who might also
wish to change their behavior to serve environmental ends. All of these actions help
to broaden people’s horizons, extending our understanding and impact across time,
space, and complexity.

This chapter seeks to understand how IT can help enable personal change. By giving
us the tools to understand the realities of our own lives, conceive of how they might be
different, and work toward lifestyles more consistent with our ideals, IT can provide a
powerful force for personal change.
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Audiences

The amount of environmental impact that each individual causes through our every-
day activities may seem inconsequential given the magnitude of the problems facing
the world. However, when multiplied by 6.7 billion people, the cumulative impact is
great. Many people are beginning to live their lives in ways that reflect sustainable ide-
als; however, many others are unaware of the issues or uninterested in changing their
behavior.

The primary group that this chapter will discuss is residents of industrialized na-
tions and in particular the United States, where resource consumption per capita is
highest in the world. Still, it is important to note that, with efforts being undertaken to
raise standards of living (which are accompanied by increased consumption patterns)
around the globe, it is becoming more and more relevant to address audiences in non-
industrialized nations as well.

Enacting lifestyle change can be challenging. In most behavioral change, there is
significant inertia to overcome at both the personal and cultural level. At the personal
level, we each have habits that help us manage the complexity of our lives. Rather than
deciding what brand of toothpaste to use each time we go to the store, we buy the same
brand we bought last time. Rather than seeking a more efficient way of getting to work,
we travel the path that is familiar because we traveled it yesterday. Rather than adopt-
ing a new hairstyle, we brush our hair the same way we usually do. There are too many
decisions to be made every day for a person to reconsider more than a small fraction of
them on any given day.

Culturally, there are many expectations placed on a person by the individuals and
institutions with which we interact. Styles of dress, ways of speaking, and many other
lifestyle choices are heavily prescribed by cultural norms. While different cultures have
vastly different ideas of what constitutes appropriate behavior, within a given culture
or community, the expectations of others exert a strong influence on people’s everyday
behavior.

In order for people to enact lifestyle change, it would be helpful not only for us
to have information about the impact of what we are doing and how we might do it
differently but also for there to be support for implementing positive lifestyle/environ-
mental change at both the personal and cultural levels. Behavioral change needs to fit
into the personal and cultural narratives that surround all people.

There is growing interest in the United States regarding environmental themes. For
example, in 2002, “more than 2 in 5 Americans (44%) say they would try harder to be
green if more environmentally friendly products and services were readily available to
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them, and an additional 20% would do so if they thought their efforts would make a
difference” (Gardyn, 2002). The first half of this quote points to an important aspect
of personal change: in many of its forms, it benefits significantly from improved infra-
structure that provides more accessible pathways to sustainable living.

There are two significant hurdles to be overcome in enabling a person to adopt some
kind of lifestyle change: convincing them to try it, and getting them to adopt it as a
new habit. An old friend had the mantra that doing something once was an experi-
ment, doing it every day for a week was a habit, and doing it every day for a month
was a lifestyle. When attempting to take some new action on a regular basis, one is
confronted with many different aspects of the change—how it makes one feel over
time, how different social partners respond to it, what resources it uses, what wastes it
produces, and what new communities it introduces into one’s life. These impacts can
be different after a month than they are after a day. For example, longer-term phenom-
ena such as feeling healthier or having a new group of friends may not be obvious after
one day, instead emerging over weeks or months; nevertheless, they may be powerful
motivators for continuing a behavioral pattern.

Given the vastly different cultures and individuals around the world, and the broad
range of potential pathways for environmental change, this chapter will be able to
address only a small number of them. Nevertheless, it will seek to present a variety of
examples, and go into greater depth with one specific project.

Impact

Enabling people to enact behavioral change can have a number of impacts, includ-
ing direct environmental effects, changes to the person’s quality of life, shifts in their
likelihood to enact further behavioral change, and influences on their social partners.

The most apparent impact of behavioral change for environmental purposes is the
direct effect that the changed behavior has on one or more environmental issues. It
may reduce a person’s overall carbon footprint, help restore an ecosystem, or limit
human reproduction, thereby helping control world population. All sorts of personal
behavioral changes can have direct environmental impacts, such as new purchasing
habits, driving less, losing weight, habitat restoration, and birth control.

Another impact that does not directly relate to environmental concerns is the effect
that such choices have on the person’s quality of life. Many environmentally oriented
changes help a person feel better physically or psychologically, live more economically,
or find new social opportunities. These effects may make it more likely for people to
adopt a behavioral change over a longer term. In addition, aspects of improved qual-
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ity of life such as increased female education lead to lower birthrates (Akmam, 2002);
raising quality of life could be an effective way to reduce the growth rate of global
populations.

Looking at the international potential of Green IT for personal change, while in-
dustrialized countries use more resources per capita and therefore might be the most
fruitful targets (from the point of view of immediate environmental impact) for future
innovations in this area, it may be that residents of nonindustrialized countries would
stand to benefit most from these innovations. Because people in nonindustrialized na-
tions often make less money, and thus have smaller or nonexistent margins of safety
in terms of resource surpluses, tools for personal change that can both reduce environ-
mental impact and improve quality of life could be even more valuable to those indi-
viduals than they would be to people in the industrialized world. Tools that enhance
sustainability and tools that enhance quality of life can go hand in hand.

Adopting one kind of environmental change may also cause an individual to asso-
ciate more strongly with environmental principles and communities in general. Indi-
viduals can gradually be introduced to new identities by means of smaller actions that
then pave the way for more substantive behavioral change. This identity shift will then
affect the likelihood of further individual change.

Finally, environmental behavioral change can affect the social partners of the per-
son making the change, and that person’s culture more broadly. Social support is criti-
cal to people changing their behavior; therefore, the act of one person changing their
behavior, if done in a public manner, may provide an incentive for others to do so as
well. On a large scale, this process enables behavioral change to move through a popu-
lation, thereby facilitating a cultural shift over time.

Green IT for Personal Change

There are many specific ways in which people find out about, try, and adopt new
forms of behavior that have positive environmental ramifications. Most of these ef-
forts do not entail computer-based IT, and instead rely on more conventional mecha-
nisms such as posted signs (e.g., placards above the paper towel dispenser in many
public bathrooms encouraging reduced consumption), notes written on paper, word of
mouth, and the like. There is a growing collection of Green IT systems, however, that
aid people in enacting personal change, sometimes by replacing existing techniques,
and at other times by developing new ways to change one’s life. This section provides
examples of existing IT-based mechanisms for enacting behavioral change.
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Information

Many computer-based IT systems exist to supply us with additional information about
our lives and the world around us. Much of this information can have environmental
ramifications, if people choose to act on it. Information on weather, transportation,
consumer prices, and many other facets of life can help people make more environ-
mentally sound choices. Computational systems increase the ease with which we can
access large amounts of information, and therefore enable us to use that information
to change our lives.

As a brief survey of the vastly different kinds of IT systems that can provide people
with an array of potentially useful environmental information, consider the following
efforts. Kill-a-watt is a hardware device that goes between any power cord and the wall
socket, and reports back on the energy usage of the device that is plugged into it (P3
International Corporation, 2008). By providing this information, the system enables
people to find out more detailed information about the power draw of their devices.
Happy Meat is an online mapping system that assists people in finding sustainable
meat products, thereby enabling them to indulge their carnivorous habits with as little
impact as possible (saisriskandarajah.com/happymeat, 2009). TreeHugger is a Web site
that collects information about how to live in environmentally sustainable ways (tree-
hugger.com, 2009). There are many other information sources, both online and off-
line, that explicitly or implicitly provide information that enable sustainable lifestyles.
Taken together, these information sources can help us make environmentally sensitive
decisions across many facets of our lives.

Analysis

Despite the large amount of information available via the Internet and other computa-
tional sources, information alone is not always sufficient to help people make behav-
ioral changes. People may not seek out the information, may not trust the information,
and may not be able to reconcile conflicting pieces of information. For example, there
is a lot of information about the benefits of energy-efficient compact fluorescent light-
bulbs; there is a conundrum, though, about when to replace incandescent lightbulbs
with compact fluorescents—wait until they burn out, or replace them right away and
dispose of the still-working incandescent ones.

The human memory is perhaps the most effective tool for understanding how vari-
ous pieces of information fit together; nevertheless, human intelligence can be aug-
mented and enhanced by technology. Many IT tools exist to help people interpret and
analyze the information that surrounds us. For instance, ManyEyes is an online system
that allows people to upload data sets (e.g., global environmental statistics or bodies
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of text), create visualizations of those data sets using a variety of techniques (see figure
7.1), and share both the visualizations and the underlying data sets with other people
(Danis, Viegas, Wattenberg, & Kriss, 2008). StepGreen is a Facebook plug-in created
by Jennifer Mankoff and her collaborators to help members track the financial and
environmental savings that result from various Green actions (Mankoff, Matthews,
Fussell, & Johnson, 2007). Wikipedia, the collaboratively generated online encyclope-
dia, collects survey articles on a wide variety of topics that provide users with sufficient
context to assist with their own interpretation of environmental issues (wikipedia.org,
2009). Microsoft has begun a grant program called Memex, to support the collection
and analysis of “Digital Memories.” Enabling people to analyze bodies of information
to understand how they may be integrated to support sustainable living is critical to
the effort to live sustainably on a large scale.

Action

While information and analysis are valuable for developing an understanding of envi-
ronmental phenomena, in order for humans to live more sustainably we need to take
action (and also begin to refrain from actions that are unsustainable). There are many
different examples of action-related IT systems. For instance, by using onboard com-
puters that come built into many hybrid automobiles and other vehicles, people seek
to drive as efficiently as possible—an activity called “hypermiling” (Gaffney, 2007).
Dynamically controlling home heating and air-conditioning by means of smart ther-
mostats can allow for greatly reduced home energy usage. Carbon offset programs also
provide a pathway by which to take action, in cases where people cannot change their
behavior or do not wish to. In these situations, carbon offsets can enable them to com-
pensate for the damage their behavior is causing.
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Figure 7.1

A “Wordle” visualization showing the top fifty words (excluding common English words) used in
the “Summary for Policymakers” of the Climate Change 2007 report (IPCC, 2007b). Created using
Many Eyes (Danis, Viegas, Wattenberg, & Kriss, 2008).
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A substantial community of people on the Internet have begun to engage in the
process of “life hacking” (Thompson, 2005), in which individuals seek to live their lives
in accord with their principles and desires as effectively as possible, rather than suc-
cumbing to the inertia of how society encourages people to act or how they have acted
previously. IT systems exist to support life hackers, from software to track various facets
of their lives, to social networking systems to enable life hackers to exchange ideas.

Joseph Stalin is quoted as having said, “A single death is a tragedy; a million deaths
is a statistic.” This idea—that people can comprehend horrible things that happen to
individuals, but somehow are not able to scale this understanding to large numbers—is
relevant to the global environmental situation. Seeing a baby seal get clubbed, a frog
with three eyes, or a tree being felled can have a visceral impact on people. Seeing a
chart that plots the decreasing number of species in the world over the past several
decades, however, does not capture the fact that each species that is lost probably has
many individual stories to go along with it. We need better methods of presenting
data, whether about our own lives or the entire world, in ways that compel people to
action.

Mobile IT

While mobile systems do not precisely fit with the previous three categories (informa-
tion, analysis, and action), they are particularly relevant with regard to new kinds of
IT for personal change, especially with regard to the nonindustrialized world. Since
nonindustrialized nations are poised to leapfrog more industrialized countries in their
use of mobile technologies, mobile devices are likely to be an important IT vehicle for
personal change around the world. As Elaine Huang and Khai Truong (2008) discuss,
“Designing phone interfaces and services that help users to engage in sustainable prac-
tices with low effort and make informed decisions are clear avenues for which user
research and experience design knowledge are critical” (p. 323).

The UN/Vodaphone report Wireless Technology for Social Change: Trends in Mobile
Use by NGOs (Kinkade & Verclas, 2008) describes a range of mobile projects with posi-
tive environmental outcomes. For example, researchers at the University of California,
Berkeley and Intel enabled environmental monitoring of air quality in Accra, Ghana,
by putting pollution sensors and GPS devices on taxi cabs (Honicky, Brewer, Paulos,
& White, 2008). Another project reduced the number of human-elephant conflicts by
providing community members and game rangers with “Push to Talk” devices that
helped them monitor fences and improve communication in the Laikipia District of
Kenya (Kinkade & Verclas, 2008).

Mobile tools and techniques created for environmental information, analysis, and
action in the industrialized nations may be used or adapted for use in nonindustrial-
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ized nations, and vice versa. Across both industrialized and nonindustrialized coun-
tries, mobile IT is likely to have a growing impact on environmental issues over the
years to come.

Example Project: Trackulous

A project called Trackulous, which I began building in 2007, provides a useful case
study of some of the ways in which IT can help people enact behavioral change.* The
project is based on the premise that corporations and governments have powerful tools
for tracking information to accomplish their goals, but that everyday people lack the
resources to work effectively with their own information. This lack of support limits
many people’s ability to live sustainably, since managing their environmental impact
requires accurate and timely information about their own lives. Trackulous is an online
system that provides a suite of Web-based tools to help people track, analyze, and share
their own personal information—including both environmental and nonenvironmen-
tally related topics—in ways that they themselves find useful. A prototype of the site
has had over eighty six thousand hits during twenty-one months of operation. The
site’s broad goal is to offer a way for people to understand their own personal infor-
mation in the context of data collected by other members of this online community.
By allowing people to work with the vast bodies of information that are important to
them, Trackulous can aid them in living well-informed and sustainable lives.

A Well-informed Life

This project was inspired by a realization from my own life. Several years ago I began
filling out an online carbon footprint calculator (Nature Conservancy, 2009). When I
was about halfway done, the questionnaire asked about how much I fly. I realized that
although I fly a great deal to attend conferences, visit NSF, and so on, I did not have an
accurate estimate of how much I fly. Not knowing the real answer, I guessed: I fly about
once a month or maybe a little more, with most of the trips being long flights. On
looking at my results, I saw that, not counting my air travel, my footprint was slightly
less than twice the world average and about one-third the U.S. average (see figure 7.2a);
including air travel, though, it increased to be slightly greater than the U.S. average and
more than five times the world average (see figure 7.2b).

It became clear that, although I ride a bicycle to work, drive a hybrid, and do not
eat meat, air travel was a major contribution to pollution (more than two-thirds of my
total footprint), and yet I did not have accurate information on this aspect of my life.
On further consideration, I came to realize that there were dozens of statistics about
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My carbon footprint, without air travel (a) and with air travel (b). From http://www.nature.org/
initiatives/climatechange/calculator. © Nature Conservancy (http://www.nature.org). Repro-
duced with permission.

my life that I did not collect and hence did not have access to reliably. On still further
consideration, I realized that, as an informatics professor and reasonably competent
programmer, I might be able to make a system that could help address this problem.
In addition to the simple lack of data from my own life, I realized too that the world
is full of interdependencies that affect the environmental impact of any given decision.
For example, when one buys a house, one may not think about the long-term environ-
mental impact of one’s ensuing commute, the amount of water the yard needs to stay
alive, or whether the township collects recycling. Since the human learning mecha-
nism evolved primarily to predict short-term phenomena such as events that cause
pain, the presence of danger in a certain location, or the quality of a food source, people
are not inherently good at understanding long-term indirectly connected phenomena,
such as whether smoking causes cancer, obesity gives one bad knees, or driving cars
too much causes global climatic disruption. Providing people with information about
the connections between disparate parts of their lives, especially those that might not
initially seem connected, could help them choose behaviors that have more positive
sustainability outcomes than information focused only on narrow aspects of their lives.
The core goal of this project is to make it as easy as possible for people to track,
analyze, and share their own personal information. By doing so, this project seeks to
enable people to live a well-informed life—one in which their decisions are based on
accurate and current information. While in many cases, people’s actions are neces-
sitated by the cultural and institutional contexts in which they are embedded (e.g., it
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would be difficult for me to get tenure as a professor without traveling regularly to con-
ferences), there is often a degree of leeway through which people can determine their
own environmental impacts. For example, I presented at the 2008 Hawaii International
Conference on System Sciences conference via videoconference, rather than in person
(despite some reluctance to miss a conference held in Hawaii). Additionally, by taking
action in support of one’s ideals, one can help shift society’s priorities so that institu-
tional support arises for environmentally sustainable lifestyles. As long as humans are
living in an unsustainable way (and there is a long way to go to achieve sustainability),
Trackulous and systems like it can help people understand their lives and take con-
scious action to lessen their impact on the world around them.

To people visiting the site, Trackulous might not initially seem to be a Green IT
project. The system was initially conceived of as such, but the capability of IT systems
to scale made it easy to extend the site to cover many other potential aspects of life. The
realization that a whole-lifestyle tracking site might be more effective at helping people
track their environmental footprint than a site solely oriented to environmental issues
has been one of the organizing principles of the project since early in the development
process. Assisting people in living data-backed lives, enhancing their intuition with
well-grounded information, is the project’s key purpose.

The remainder of this chapter provides a description of a functional prototype, re-
sults from a beta test of this prototype, and the design of a revised version currently
under development. By presenting the design process of the Trackulous project, this
chapter offers insight into how IT can help people enact behavioral change.

Lower the Bar for Participation

The Trackulous system seeks to facilitate the tracking of various phenomena by pro-
viding technological and social support for several aspects of the process. By helping
people track different phenomena, the system can facilitate behavioral change, build
communities, and detect the emergence of trends. Groups of people and other entities
are encouraged to perform distributed tracking and analysis, thereby enabling various
crowd effects to occur.

In the past, the problem of keeping track of things such as one’s weight were solved
using pieces of graph paper, Microsoft Excel, or other tools for storing data. The prob-
lem of sharing one’s results was addressed via word of mouth, special interest groups
(e.g., Weight Watchers), or other organizations. The disadvantage was that the lack of
a uniform mechanism for tracking and sharing data meant that solutions were created
in an ad hoc fashion by each person, and/or for each different phenomenon that might
be tracked, and therefore it was difficult to track and share these data. The difficulty of
these processes, while appearing mild in any single case, is sufficiently great when seen
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across all possible users (people, organizations, etc.) and phenomena that tracking and
sharing occurs relatively rarely.

By enabling tracking and sharing to be done with a much greater degree of ease, a
quantitative increase in efficiency translates into a qualitative transformation in the
way people, organizations, and other entities can pursue and understand their activi-
ties. The unification of tools for tracking and sharing data and information, and the
specific innovations described above, provide a substantial advantage over existing
mechanisms.

Implementation

The system uses a central database of all the things being tracked (“trackables”) to
enhance the value of each of the trackables, and of the system as a whole, to users
and other constituents. This database is made accessible for uploading data as well as
browsing and analyzing data through an online Web site. Taken together, the database
and system for accessing it lowers the overhead of tracking something. Through this
process, the system enables people to track things more readily, track them more con-
sistently, and decide to become aware of things they might not otherwise have tracked.
The use of a central computational framework for tracking also opens the possibility
for fully automated tracking through devices that upload data to the system’s database.
The broad goal is to help people start tracking all sorts of events and information from
their lives with ease, so they have the data if they want to use it to enhance their own
understanding later.

In the currently operational system, there are several key data structures:

« Users: Stores user name, password, gender, zip code, image, and so on.

* Trackable types: Name, description, and data type of a particular group of track-
ables.

 Data types: Name of a given data type that may be shared across trackable types
and therefore allow correlations among different trackable types. Could also include
relations with other data types (e.g, one hour equals sixty minutes).

 Trackables: A collection of samples for a particular user and a particular trackable
type. Also contains a visibility field that determines who is able to view the contents
of that trackable and an affiliated image.

» Samples: A recording of a datum—for example, the number of hours of sleep a
given user had on a certain night. Also contains affiliated image and text field.

* Friends: A connection between two users that grants additional reciprocal access
privileges. Could be extended to enable larger groupings, multiple levels of friends,
nested groups of friends, and so forth.
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+ Messages: Communications between two or more users; two primary forms in-
clude private messages and public comments, but various other forms of messages
could also be included. Users have the option to have messages forwarded to other
media (currently email, but could be extended to other formats).

* Reminders: Communications from the system to the user sent via other media (in
particular, email, but could be extended to instant messaging or other formats) to
facilitate periodic updating of database.

+ Events: Every time something happens in the system (e.g., user inputs data or user
accesses a page), an “event” archives an assortment of information about the transac-
tion—time, user name, IP address, details of host computer, and so on.

Track The list of things that could be tracked is large. Anything that might be reduc-
ible to a digital form could be tracked—numbers, dates, text, images, video, and so on.
For example, people might track personal habits such as weight, hours of sleep, pages
printed, gas mileage, or details of social interactions. They could keep track of commu-
nity habits, including the number of people in attendance at meetings or contributions
to a central resource (shared car, communal account of money, mobile phone minutes,
etc.). They could also track environmental phenomena such as the soil moisture at the
base of each tree in a forest, the air quality in various locations, or the chemical com-
position of the water in their kitchen sink.

There are several different ways in which the system might acquire data as well.
The most direct pathway is via a human entering it. For other information, though, it
may be possible for a computational system to upload it (e.g., a printer that archives
the number of pages printed each day). Additionally, an external database could be
accessed (e.g., retrieving the number of calories in certain food) to combine with other
information sources. Finally, new data could be generated through analysis of existing
data (e.g., twenty-four hours minus hours of sleep per day minus hours of work per day
equals hours of leisure per day).

Analyze The Web site currently provides a number of ways to enhance the tracking
process. It offers automatic recording of the time of a data sample; the ability to anno-
tate samples with text, images and so forth; graphing capabilities, such as a line graph
of change over time; regular reminders, such as emails sent once a day, week, month,
or year; and message passing between users. The site serves as a central location for
many different kinds of tracking and reduces the overhead of tracking something new,
thereby enabling users to adopt a mind-set in which tracking new phenomena seems
easy. Also, because of the social networking aspect of the site, Trackulous effectively of-
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fers suggestions about things to track based on what other members of the community
are tracking. Beyond what has already been implemented, features such as the ability
to tag specific trackables or samples could be readily added.

The existence of a central system where one person can track a variety of trackables
and where multiple people archive many different trackables enhances the utility of
the system in several ways. For instance, it allows users to see what other people are
tracking, for inspiration and ideas. Novelty and frequency are two important aspects of
suggesting potential trackables—seeing what the most people are tracking, and what
people have been tracking recently—but other means of displaying potential trackables
can be used as well—alphabetic, random, funniest, and so on. The site allows users to
see how other people are doing, for inspiration and/or guilt regarding their own efforts.
It permits users to see community averages, for a broader understanding of the social
context in which they are enacting change. It provides a way for other people to see
how an individual user is doing, thereby enabling social support. Finally, it encour-
ages a feeling of “good citizenship” by contributing to community averages. Just as
participating in a blood drive by the Red Cross makes a person feel that they have done
something good by donating their blood, people uploading to Trackulous can see it as
a contribution of data to their community.

The system can encourage behavioral change in a number of ways. First, it can alter
behavior to continue an upward or downward trend in personal statistics (e.g., weight
loss or miles driven). Second, it can shift behavior to keep in step with or outdo another
individual, friend, or group. It can also change behavior to match or exceed a com-
munity average, or a community maximum or minimum. Finally, it can help the user
strive to be represented on a community-generated or data-driven list of high or low
scorers, or receive other marks of distinction.

The data stored in the various trackables, users, and other data structures provide
opportunities to enhance the functionality of the system through data mining. For
example, the site could calculate the community averages of various user character-
istics. The community in question can be the entire user base or could be restricted
based on a variety of other factors (age of user, zip code, gender, what else they are
tracking, etc.). These averages could also have outlier values identified and removed,
to decrease the impact of people entering random values. Since there is the possibility
of inaccurate data, either intentionally or accidentally, the ability to discard high and
low outliers and calculate viable averages from the remainder could improve accuracy.
The site could also calculate maximum and minimum values for a community, trends
over time, correlations between trackables, or correlations between trackables and user
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attributes. While these capabilities have not been implemented in the current system,
they offer some insight into future directions for systems of this kind.

Share Trackulous facilitates the selection of trackables by collecting and sorting the
phenomena being tracked by the whole community, and presenting them as sugges-
tions to users so that they may track them also. This functionality makes people more
likely to track more things. Second, it causes people to track phenomena using the
same trackable name and data type, which then allows for comparison and data min-
ing across multiple different users.

These same benefits also extend to the selection of data types for new trackable
types. By helping people select the appropriate unit of measure, the site streamlines the
creation of new trackable types. And by standardizing the units selected across multiple
trackables, the system allows for further examination of the data by concretizing cor-
respondences across different trackables (e.g., pounds versus kilograms).

The site’s “friends” system harnesses the power of social support to enhance its
functionality as well. For example, the ability for a user to plot a trackable on the same
graph as the same trackable being tracked by a friend enables prompt comparisons
without having to contact the friend explicitly for the data.

The site also allows people to form friendships with people whom they have never
met but for whom they have merely seen what those people are tracking. This en-
ables people to find not only additional social partners but also social support for their
tracking activities (and corresponding life changes) without having to involve existing
real-world social partners. Helping people find “change buddies” and coordinate their
efforts to alter their lives can provide a substantial value to all involved.

Besides offering additional value to the user, the fact that the system connects dif-
ferent trackables, samples, and users via the trackable type and data type abstractions
means that the collected data can be examined more effectively, and thereby create ex-
tra value for academics or other researchers who might benefit from this information.

Privacy

There are several privacy issues that go along with a project of this kind. Creating a
centralized database with information on many people’s personal habits is potentially
problematic. The database could be hacked, allowing unauthorized individuals to ac-
cess it. It could enable data mining, which, even if the results benefited the users, could
be disconcerting to those users. Various other more subtle problems could occur if users
did not realize that others could see the statistics they are tracking. The development
team sought to address these issues by including password protection on users’ log-
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ins, keeping up to date with server software, and providing users with a set of controls
to specify privacy levels (e.g., “Public,” “Friends,” “Anonymous,” and “Private”) with
which they are comfortable on a trackable-by-trackable basis. Despite steps that have
been taken in this project to deal with privacy concerns, the juxtaposition between
collecting and analyzing large amounts of data, on the one hand, and enabling people
to preserve their own privacy, on the other, offers a key conundrum for environmental
IT tools.

Usage

Trackulous has been in continuous public operation from October 8, 2007, until the
present (July 28, 2009). During this time, the site has received 86,937 hits, including
28,291 from logged-in users, and 58,646 from users who were not logged in. These hits
came from 6,031 unique IP addresses. A total of 553 users registered for the site—a pre-
condition of tracking their own data. These users created 720 trackables of 223 different
types (e.g., “Hours Worked” and “Time Studying”) and 90 data types (e.g., “Kilograms”
and “Hours”). They recorded 3,391 samples of data for these trackables (e.g., the user’s
weight at a given time).

Most users of the site tracked a relatively small number of trackables, with 88 per-
cent tracking 3 items or fewer; however, individual users maintained as many as 14 dif-
ferent trackables. Four users had more than a thousand hits on the site, demonstrating
a certain amount of extended interest in the service provided by the site. Users of the
site appear to be particularly interested in the graphing functionality, making 2,213
graphs (1,147 by logged-in users, and 1,066 by non-logged-in ones).

Trackables varied across a wide range of topics. A sampling of trackables includes
“Stomach Pain,” “Fish Caught,” “Miles Ridden,” “Songs Downloaded,” “Butterflies
in My Yard,” “Email, Email, Darn Email,” “Times I Checked Facebook,” “401(k) Val-
ue,” “Trash I Produced Today,” and “Gallons of Gas Filled.” The most tracked topics
were “Exercise,” “Weight,” “Hours of Sleep,” “How Am I Feeling,” “How Often I Eat,”
“Food”, and “Environmental Footprint,” suggesting that personal health and fitness
are key motivators for participation.

Looking at specific trackables, there is substantial variation in the number of sam-
ples. Most trackables have a small number of samples, indicative that the user made a
trackable, tried the system briefly, and never came back. A number of users, though, ap-
parently found value in the system, at least enough to come back repeatedly. One user
recorded 236 samples for the same trackable over a thirteen-month period, an average
frequency slightly higher than once every other day for more than a year. While many
people who interacted with the system did not return regularly to the site, some people
appeared to find Trackulous to be a useful tool for managing their lives.



144 Chapter 7

Discussion

While Trackulous was designed initially with an environmental focus (with a green
color scheme, a hummingbird logo, several initial trackables with environmental goals,
and various other minor design elements), it quickly became apparent that people
tended to use it more for personal health and life maintenance than for environmental
ends. In fact, the two most viewed trackables were “Fights with Boyfriend” and “Every-
thing Rocky Destroyed” (Rocky being a user’s dog).

There are several main uses that this system may have in the future, specifically:

* Personal improvement: The system can be used to help people keep track of data
about their own lives; share this information with their friends, family, or other as-
sociates; and enact behavioral change. Organizations such as Weight Watchers and
Alcoholics Anonymous have thrived in this area.

 Environmental action: There is a growing effort to reduce one’s environmental im-
pact. By keeping track of one’s own resource use, waste production, and so forth, one
can potentially improve one’s efficacy in this area.

 Online dating: People often like others who are interested in the same topics or
dealing with the same concerns. By allowing people to form friendships through

the system, the power of the system could translate into a way of starting real-world
friendships and romantic relationships. Match.com, eHarmony, Yahoo Personals, and
other organizations have been successful in this area; Trackulous could potentially do
a better job.

* Social networking: With the rise of Facebook and MySpace, social networking has
become hugely popular. Tracking different phenomena could become an important
part of these existing systems (in fact, Trackulous already integrates with Facebook).
Additionally, the system could become a new way of appealing to people who might
not be interested in the current characteristics of social networking.

Nevertheless, while this usage was initially less satisfying than if the users had fo-
cused their tracking on environmental topics, it potentially points to a broader theme.
Rather than seeking to get people to track just the environmental aspects of their lives,
it may be more productive to encourage people to live more data-driven lives in gener-
al. This concept was what ultimately led to the well-informed life notion. Once people
get in the habit of tracking things about their life—whether it concerns exercise, work
done, or the daily goings-on of their pet—they will likely realize that they can track all
sorts of different topics, some of which will be environmentally relevant. Additionally,
if they encounter an environmental issue and want to analyze their own life in regard
to it, they will now have the tools to do so effectively.
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Broad Goal

A site such as Trackulous may not at first seem transformative; people have been graph-
ing their weight and other important personal statistics for many years. However, en-
abling people to take on a lifestyle in which they habitually track their data is a major
shift in the way people live. It is a transformation similar in nature to (albeit perhaps
less significant than) the move that happened several hundred years ago when per-
sonal timepieces—watches—became common. Prior to watches, two people could not
carefully coordinate their meeting time; they could schedule their lives with quite lim-
ited precision. With the advent of watches, however, two people could arrange to meet
at, say, 10:20 p.m., and each could arrive at that time with a reasonable certainty that
the other party would be there as well. The move facilitated by Trackulous and other
similar sites, through which people begin to live a well-informed life, could usher in
a transformation of a similar quality, if not degree, to the transformation regarding
time. No longer will it be socially acceptable to dissemble when asked what one’s gas
mileage is; if everyone uses trackers ubiquitously, one will be expected to know such
figures. While privacy issues present important challenges in such universal tracking,
human societies have many effective social and technological techniques for ensuring
privacy in similar systems. If people habitually archive and analyze their own personal
data, they can begin to act with much greater precision to change their lives to match
their ideals.

EHCC Perspective

IT systems for enabling personal change help contribute to the EHCC perspective in a
number of ways. First, by giving people greater control over their future behavior, they
help people extend their own time horizons. People with a greater sense of efficacy in
determining their own future tend to take a longer time horizon when thinking about
their future (Bembenutty & Chen, 2005). Providing people with the tools to change
their own behavior and the world around them can aid in addressing the unfortunately
common “There’s nothing I can do, so it doesn’t matter” argument against long-term
thinking and action.

By showing people that it is possible to enact personal changes, Green IT systems
can keep the focus on human change as a critical factor in achieving environmental
sustainability. Researchers studying how people learn found that individuals who see
intelligence as something they can practice and get better at (like strength) tend to do
better than those who think it is an innate ability (like height) (Dweck, 2006). Enabling
people to realize that they can be part of the solution to the world’s long-term chal-
lenges is a large part of spreading an extended human-centered perspective.
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Tools for enabling personal change can also provide value by allowing people to
integrate their own behavioral decisions with command-and-control decisions made
at broader institutional scales. Since the operation of many human institutions and
infrastructures involves IT tools for optimizing efficiency and other factors, the spread
of tools for personal change may permit people to “plug in” to these broader systems,
thereby enhancing both their own efficacy and contributing to the effective operation
of the collective.

This chapter has offered a range of Green IT efforts that enable individual behavioral
change and has presented an in-depth discussion of Trackulous as a case study in this
area. Green IT efforts are having an impact around the world with people from many
different cultures. There are systems that help people find sustainable resources, under-
stand the impacts of their own actions, and hack their lifestyles to make them more
sustainable. A variety of effects are arising from these systems, including direct reduc-
tions of environmental impact, improvements in quality of life, feelings of associa-
tion with environmental ideologies, and the encouragement of social partners to take
action as well. Taken together, the effects of current Green IT systems for facilitating
personal change are substantial; the future potential of this field is even greater. Tools
for aiding personal change lie at one end of a continuum of IT interventions arranged
around broadening social complexity. The next chapter will explore ways in which
Green IT also helps build communities and support collective action around environ-
mental themes. Efforts at the personal, communal, and institutional levels will need
to be undertaken and integrated together for a viable large-scale response to current
environmental concerns to occur.



8 Green IT and Collective Action

I will completely stop using disposable cups for tea/coffee at work but only if 100 other people
worldwide will do the same.

—Julia

Deadline to sign up by: July 31, 2005; 106 people signed up (6 over the target).

I will replace all of the traditional light bulbs in my home with low energy versions but only if 60
other people will do the same—and ideally persuade more people to do it too!

—Steve Jalim
Deadline to sign up by: December 31, 2006; 62 people signed up (2 over the target).

I will for 3 months save water by putting a bucket in the shower while it is warming up, limiting
my showers to 4 minutes and using the bucket to wash my hair or water the garden but only if 20
other people will try their very best to do the same.

—Lisa, average person on a humble mission
Deadline to sign up by: January 1, 2007; 20 people signed up.

I will give £10 towards a tree planting project in Kenya but only if 200 other people will do the
same.

—Chris Anderson
Deadline to sign up by: March 1, 2007; 211 people signed up (11 over the target).

I will Go Vegetarian between 25th-29th June 2008 but only if 15 other meat eaters will do the
same.

—Green Festival Man
Deadline to sign up by: June 25, 2008; 16 people signed up (1 over the target).

The above quotes are taken from a Web site called PledgeBank (pledgebank.com, 2008)
designed to help people find like-minded individuals and support their collective ac-
tion. The goal is to overcome some of the inertia and loneliness that often thwarts po-
tential action by environmentally minded individuals.
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The environmental issues facing the planet are daunting. With 6.7 billion people on
Earth, the impact of one person can often seem insignificant. Taking action on one’s
own may seem futile—exhausting without being rewarding. Especially when one con-
siders how much of one’s environmental impact is prescribed by the infrastructure and
societal norms in which one is embedded (clothing choice, lifestyle, etc.), the margin
of individual impact seems small.

IT systems such as PledgeBank, however, are beginning to enable collective action in
ways previously impossible. Communities frequently act across broader scales of time,
space, and complexity than individuals, and may have broader impacts than most in-
dividual efforts. By increasing connectivity and communication between like-minded
people, and providing support for their collective action, IT can enable synergies that
make the impact of individual contributions more apparent, and thus incentivizes fur-
ther participation.

This chapter explores a range of ways in which IT supports communities and collec-
tive action, and uses a particular project, called GreenScanner, to examine in depth one
way that people may be enabled to work together to live more sustainably.

Audiences

Effective community-based Green IT has a broad potential reach across a range of audi-
ences. With hundreds of millions of desktop computers and billions of mobile phones,
the technological infrastructure is in place for massive and rapid mobilization of hu-
man action.

Perhaps the most apparent form of community Green IT involves systems that are
being used in the industrialized world to help people work together to reduce their en-
vironmental impact. By building on existing social networks (both online and off-line),
and creating new connections between people and organizations, these systems can
strengthen communities while they encourage people to act together.

In addition, there are at least two main ways in which community Green IT reaches
people in the nonindustrialized world. First, systems can affect them directly, facilitat-
ing cooperation through mobile devices as well as desktop computers. While people
in the nonindustrialized world may be reluctant to compromise their quality of life
for environmental ends, there are many ways that communities working together can
achieve a higher quality of life by engaging in environmentally preferable behaviors,
rather than despite them. New forms of mobile collaboration, resource sharing, and
other community action can simultaneously benefit individuals’ short-term happiness
and enhance the global ecosystem’s long-term survival.
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Second, Green IT enables connections across the world, providing mechanisms
through which people with different resources (such as money, time, and access to
critical ecosystems) can collaborate effectively to leverage their respective strengths.
Global-scale community action—for example, where people in industrialized nations
offer financial support for on-the-ground action in places where it can have the great-
est impact—could be powerful. (Note that this strategy is not intended to suggest that
people in the industrialized world can buy their way out of practical action beyond
mere financial contributions. All people will likely need to revise their behavior in
some way, particularly those individuals with the greatest environmental footprints.
Nevertheless, financial support for action in other places around the world is certainly
a valuable contribution.)

While the industrialized world currently has a much greater environmental foot-
print per person, the nonindustrialized world may soon approach that same level of
impact. Instead, now is the time to establish community-based environmental innova-
tions that enable the nonindustrialized nations to leapfrog the environmental practices
in place in the industrialized world on their way to a high quality of life.

Impact

IT can help communities respond in a number of different ways: building social net-
works, spreading ideas for change, encouraging specialization, and sustaining group
action.

Build Networks

Social networking systems such as Facebook and MySpace are causing human social
networks to take on new dimensions, letting people connect with off-line friends in
new ways, enabling them to find new friends online, and helping them discover new
social groups. The design of social software encourages the formation of different kinds
of relationships and supports a range of collective activities.

Through online social networks, people may stay in touch more effectively with
people whom they have met off-line, and also find others who share their interests or
ideologies (Ito et al., 2009). The latter effect is particularly important for enabling envi-
ronmental action; finding groups of like-minded individuals can provide social support
and opportunities for collaboration that would be harder in off-line contexts.

Beyond the goal of finding friendships and collaborators, people can use social
networks to look for romantic relationships and life partnerships that support their
sustainable ideals. Humans have an uncanny ability to co-opt the functionality of net-



150 Chapter 8

worked computational systems to cause them to serve as dating sites. In an early exam-
ple of this phenomenon from 1995, Firefly, a site that helped introduce people to new
kinds of music, rapidly gained use as a tool for finding dates who liked the same kind
of music. A large number of Green online dating systems have sprung up, with names
like planetearthsingles.com, greensingles.com, and green-passions.com. In a testament
to the popularity of this genre, National Public Radio discussed a Green speed-dating
event to help environmentally minded people meet others who share their interests
(Bergman, 2008).

Enabling people to connect, whether romantically or platonically, can support
many other kinds of beneficial interactions.

Spread Ideas

Another valuable mechanism by which Green IT can enable community-based envi-
ronmental efforts is by encouraging the spread of ideas. Human communities act as
a kind of distributed learning engine—each person goes out and interacts with the
world, learns from that experience, and then shares the results with social partners via
communication acts. This process is beneficial because it means that people can learn
from indirect experience without having to undergo the danger or other challenges
associated with direct experience. Distributed learning enabled by communication is
one of the most central attributes that has led to humans’ global success; perhaps in an
IT format it can also help address the environmental concerns created by that success.

At the conference Text and Image: From Book History to “The Book Is History,”
held at the University of California, Irvine in February 2007, Ramesh Jain offered three
key elements that allow humans to learn from each others’ experience. The first is the
ability to preserve that experience. This preservation may occur by means of human
memory or more permanent archives such as books or digital content. The second is
the ability to propagate the experience among different individuals—for example, via
spoken language or media for the experience preservation mentioned above. The third
element involves presenting the experience in a specialized way—for instance, via sum-
marization, visualization, or other presentation techniques.

Green IT can support all three of these elements. Digital archives of text, images,
sounds, and video are tools that are well suited for preserving experiences. Computer-
mediated communication is well studied, and resonates with the need to propagate
experience among different individuals. Finally, computer tools for interactive and
noninteractive visualization can enable people to present their own experiences or the
collected experiences of others in a specialized way.

Ideas can spread through communities in a number of ways. Peer-to-peer sharing
provides one mechanism, as friends, collaborators, and social partners exchange ideas.
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This process is called “horizontal transmission.” Projects such as Climate Navigator
enable this kind of idea dissemination, seeking to “build a virtual community of poli-
cymakers, businesspeople, and scientists,” and contributing to environmental under-
standing and action by “aggregating their knowledge, distilling their insights, and pub-
licizing their debates” (CITRIS, 2009).

Another mechanism, called “vertical transmission,” involves learning between
generations, especially between parents and children. The most well-known form of
vertical transmission involves the upbringing process, as parents help their children
understand the world. However, there is an interesting form of learning that mirrors
this process—when parents learn from their children. Since children around the world
spend a great deal of time in schools, where they are exposed to ideas beyond the scope
of what their parents know, they often bring ideas back to their parents. Therefore,
schools provide a valuable mechanism for spreading environmental concepts not just
to children in classes but to their parents and other community members as well.

Parent-child relationships are a powerful part of environmental efforts. In addition
to learning from their children, parents appear to be more likely to adhere to their own
ideology when acting in front of their children. Sometimes it can be challenging to act
in accord with one’s own beliefs when there are so many other competing issues. For
example, I sometimes fail to recycle a can if there is not a recycling bin nearby. If I were
with a child, however, I would be more likely to make the effort to track down a bin.
Since many people believe in the value of sustainability but have a hard time following
through on those topics, providing contexts that encourage people to live in accord
with their ideals can be of critical assistance in helping them live more sustainably.

A variety of online resources support the spread of environmental ideas. Pledgebank,
the source of the quotes that opened this chapter, allows people to see what ideas oth-
ers are having about how to live greener and then participate if they agree. Sites such
as TreeHugger and Worldchanging provide an assortment of suggestions about how to
live more sustainably, produced by both experts and community members. Wikipedia,
too, with numerous articles about many different environmental topics, is a valuable
resource for spreading environmental awareness and information.

The spread of ideas has value beyond supplying people with information and col-
laborators. In addition, it offers a degree of exposure that enables good ideas to achieve
social acceptability or even cachet, and therefore to have a much broader impact. This
“cool factor” greatly benefited the makers of the Toyota Prius and other hybrid ve-
hicles, for example. By having movie stars and other celebrities drive and be seen in
hybrids, it became apparent that hybrids are the car for environmentally concerned
individuals.
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Encourage Specialization
One of the great challenges behind environmental action lies in knowing what to do.
All of us have multiple responsibilities in our own life to contend with—such as jobs,
school, parents, children, and friends—and do not always have the time or energy to
spend figuring out what to do. If given a clear path (“buy a hybrid car,” “eat organic,”
or “reduce, reuse, recycle”), people may be willing to participate. However, given a
relatively small amount of time to figure out what to do, people often do not trust that
they have sufficient understanding of the issues to make an educated decision. Thus,
they tend to prefer to off-load this responsibility onto other organizations—such as the
U.S. government, the Sierra Club, and so on—to make the decisions for them. In some
of these cases, the organization does not necessarily have environmental goals as its
first priority.

In order to enable people to go about their lives in a sustainable way, it will be
necessary for someone to attend to these issues for them. This off-loading of decision-
making responsibility entails several factors:

* Delegation: An individual must somehow empower another individual or orga-
nization to make decisions on their behalf. The most pragmatic mechanism for this
delegation is to pay them, so that they do not need to have some other job.

« Communication: Once another entity is “doing the thinking” on another per-
son’s behalf, it is necessary for that entity to communicate the appropriate actions
and possibly the reasons for those actions to the person. Because of the rapid rate of
change of environmental issues, this communication might benefit from embracing
new communication technologies. A monthly newsletter is not necessarily sufficient;
rather, instantly available current information via a mobile phone, the Web, or some
other technology would be better (as long as the technology itself is not contributing
too greatly to environmental problems).

» Trust: Individuals need to believe that the entities to which they have delegated
environmental decision making have the same goals and desires as the individuals
themselves. Presumably this is usually the case when individuals make the decision
to off-load responsibility. In addition, though, it is necessary for this trust to con-
tinue throughout the relationship.

* Adherence: Given that individuals are receiving information that they trust in a
timely fashion, it is then necessary that the individuals act on this information.

Therefore, perhaps it is time for another profession in society—a personal environ-
mental consultant. Just as there are hairdressers, doctors, lawyers, therapists, priests,
and accountants, each serving some unique role in our lives, one’s environmental
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consultant could serve the role of providing people with up-to-date environmental
information tailored to the particular circumstances of their lives. This person would
need to know many of the details of one’s life in order to comment meaningfully on
environmental issues relating to work, home, family, health, and numerous other con-
cerns. The person would need to take a holistic view of one’s daily experience in order
to understand which issues would make the most difference. There would certainly be
privacy concerns with such a person; but just as therapists, doctors, lawyers, and priests
have ethical standards, so too could environmental consultants.

Creating sociotechnical support for this new profession could help it become a re-
ality. This support would be a two-way communication mechanism by which clients
inform their consultants about what is going on in their lives (either directly, by active
communication, or indirectly, by means of some automated process), and consultants
can then offer suggestions regarding behavioral choices to take. Enabling these con-
sultants to access information (e.g., from buildings, vehicles, or corporations) and take
action (e.g., setting parameters on a smart power grid) directly could streamline the
end-user experience (albeit accompanied by a variety of privacy concerns and other
risks). In addition, a whole suite of sociotechnical tools could be used by groups of
environmental consultants working together to share information and thereby arrive
at more effective decisions.

Enabling some people to devote full time to figuring out the best responses to vari-
ous environmental concerns, and having other people trust that their suggestions are
the best available given the current information and should therefore be followed, can
support well-informed action on a large scale. While it might not be worth experts’
time to investigate some small issue in order to inform one individual’s decision mak-
ing, if they knew that ten million people might take their advice, it could be much
more worthwhile to research it. Green IT can support this effort by helping experts
discover what issues will provide them with the greatest impact, supplying them with
research tools, and assisting them to convey the results of their research to the largest
number of people in a way that those people will understand.

Encouraging specialization at various levels—within local communities or interna-
tionally—can be a powerful way to enable people to utilize their strengths most effec-
tively, and cause groups to achieve the greatest usefulness from their actions.

Sustain Group Action

Perhaps the most direct way that Green IT can enhance community responses to envi-
ronmental concerns is by supporting group action. This action can occur at a local level
or more broadly, encouraging corporations and governments to pursue environmental
goals.
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The World Naked Bike Ride, mentioned earlier, is indicative of the ways in which IT
is facilitating action on a broad scale. With the rise of the World Wide Web, rapid glob-
al action is becoming more feasible. Efforts of this magnitude previously would have
required slow or expensive forms of communication and coordination across great
amounts of space, and been vastly complex. Now, such action can occur much more
rapidly, the complexity to the individual has been reduced (aside from the complexity
involved in the existence of technological and social infrastructure for global com-
munications), and the accessibility of participation in such action has been increased.
In this undertaking, individuals with a range of motivations (e.g., supporting cyclist
safety, encouraging renewable energy, and engaging in good-natured exhibitionism)
found each other via the Internet, formed strategic alliances, and coordinated a collec-
tive effort to make their voices heard. IT effectively shrank the world both physically
and socially, made possible a new form of community involvement, and supported a
novel effort to encourage sustainable living.

At a local level, Green IT can provide tools for coordinating groups in terms of syn-
chronization, cooperation, and the division of labor. Computational communication
technologies such as text messaging have been rapidly co-opted by protesters and orga-
nizers seeking to gather large groups together quickly, and include others who cannot
be present physically, such as happened during the World Trade Organization protests
in Seattle (Sullivan, 1999). Various tasks that require multiple people are often arranged
via online systems, such as the Surfrider Foundation’s Beach Cleanups. Communica-
tion via IT can also help groups to split up their work effectively and provide real-time
feedback on the progress of various subgroups, thereby avoiding redundant effort and
permitting more rapid adaptation to changing circumstances.

Community action is frequently directed at encouraging corporations to engage in
more environmentally aware practices. As an example, a project called Carrotmob “or-
ganizes consumers to make purchases that give financial rewards to those businesses
who agree to make socially beneficial choices” (carrotmob.org, 2008). Essentially, the
organizer talked to all the local markets in his neighborhood, saying that he would
bring a group of people to shop at a specified time to whichever store pledged to use
the highest percentage of their income during that time for the environmentally sound
retrofitting of their store. The winning store pledged 22 percent. The organizer put out
word of this effort through his social network, and at the appointed time, several hun-
dred people arrived, more than doubling the store’s expected sales for the day.

Conversely, people often organize boycotts of companies based on their environ-
mental policies. Environment-based boycotts have been waged against Exxon (Overby,
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2005), Mitsubishi (Luo, 1995), Royal Caribbean Cruise Lines (Phillips, 2003), and many
others.

Some companies’ business models rely on environmental consumerism. Zipcar al-
lows people to share automobiles with ease. The Method brand offers Green cleaning
products. SmartBike DC is a joint private-public venture to encourage bicycle shar-
ing (Becker, 2008). Many new companies are arising to participate in the new Green
economy. All of these efforts are enabled by communities of environmentally minded
individuals with strong voices; these voices can be heard more strongly now that IT
allows them to speak in unison.

IT also enables community action on a governmental level. The Internet has proved
to be a critical aspect of a new style of grassroots campaigning, playing an integral
role in several U.S. presidential campaigns, most notably those of Howard Dean in
2004, and Ron Paul and Barack Obama in 2008. A number of environmentally related
online systems—for example, the League of Conservation Voters (Icv.org, 2009) and
StopGlobalWarming.org (2009)—offer a way to send emails to congresspeople or other
governmental officials, or other ways to take action.

Taken together, the environmental impact of IT systems that permit people to meet
each other, share ideas, and work together is substantial, and growing.

Example Project: GreenScanner

To provide an in-depth example of an IT project designed to help support community
action around environmental themes, the remainder of this chapter describes Green-
Scanner.’ GreenScanner (see figure 8.1) is a system that helps people engage in envi-
ronmentally preferable purchasing during their everyday consumer transactions. This
system has two parts: a dynamic online database of community-generated, environ-
mental-impact product reviews, and a mobile phone application that allows consumers
to access these reviews at a point of purchase by photographing a product’s Universal
Product Code (UPC). The remainder of this chapter explores a prototype of the system
that was released publicly in April 2006, and analyzes the results of that deployment.
Over its first year of existence, the site received approximately thirty-one thousand
hits. During that time, though, only seventy-nine subjective comments were uploaded.
The site is no longer under active development; nevertheless, a number of commercial
systems are now providing aspects of this service (see, for example, goodguide.com,
2009; greenerChoices.org, 2003; montereybayaquarium.org, 2009). This chapter looks
at GreenScanner’s usage patterns, and discusses how developer and user experiences
with this site can lay the groundwork for future efforts in this growing domain.
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Introduction

As the global population increases and the demands for natural resources approach or
exceed their limits, a critical issue is the conservation of resources. An important prob-
lem in U.S. society is the great deal of waste produced as a result of the manufacture
and consumption of consumer products. As discussed previously, the United States
produces 230 billion kilograms of municipal solid waste per year, or more than 2 kilo-
grams of trash per person per day (U.S. Environmental Protection Agency, 2008a). A
sustainable environment mandates the reduction of consumer waste.

Many consumers have at least some degree of environmental goodwill and the de-
sire to engage in environmentally preferable purchasing (U.S. Environmental Protec-
tion Agency, 2006), but do not have access to reliable information in this domain at
the time of purchase. In the absence of this information, they may instead choose
products based on price, labeling, imperfect memory, or force of habit. To help pro-
vide useful information to consumers at the point of purchase, various rating systems
have been proposed, such as those relating to the healthiness of products (see, for
example, Martin, 2006). Product labels sometimes include statements regarding the
environmental impact of products; however, these labels are not ubiquitous, they may
be inconsistent, and often their relevance is not clear. Ultimately, consumers still may
not know how environmentally sound different products are. Environmental consid-
erations are clearly a priority for federal purchasing (U.S. Environmental Protection
Agency, 2006); the goal of the GreenScanner project is to achieve similar ends with
large numbers of consumers.

Much of the waste produced in the United States comes from products that have
UPCs or similar identifying information on them. The term UPC has been renamed
UCC-12, and its functionality subsumed by the broader EAN/UCC-13 standard. For
ease of understanding, all of these machine-readable tags are called UPCs here. Of the

A

solid waste mentioned above, 59 billion kilograms come from the “glass,” “plastics,”
and “metals” categories, which frequently have UPCs, or 0.54 kilogram of UPC-labeled
waste per person per day (U.S. Environmental Protection Agency, 2008a). Corporations
and stores use these markings to identify and track their stocks of goods, and enhance
their efficiency and productivity. Individual consumers nevertheless have not tradi-
tionally had the ability to use these markings effectively themselves. The GreenScanner
project lets shoppers use the UPC system for their own purposes—in this case, to access
information about environmental impacts.

To summarize, consumer waste is a major problem, and shoppers frequently do not
have sufficiently useful information to make environmentally sound purchasing choic-

es. UPCs help companies to access relevant information about products, but these tags
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Figure 8.1
GreenScanner provides environmental impact reviews of consumer products via mobile phones.
© 2008 IEEE. Reprinted with permission.
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are rarely used by shoppers to access information that is of relevance to them. Green-
Scanner helps to solve these problems, coupling mobile phone software for reading
UPCs with a database of information about the products’ environmental impact. The
component technologies are readily available; constructing the system, populating the
database, and expanding the community of users have been the goals of this project.

Vision

The following scenario presents an instance of the potential use of GreenScanner. A
father and daughter go to the food store to shop together. They walk down the canned
vegetable aisle, looking at the different brands. “Do you want peas or corn tonight,
kiddo?” the father asks. “Corn!” the daughter replies. They move their cart to the corn
section. “Hmm, this can is 99¢, and this other one is $1.09. I wonder what GreenScan-
ner has to say about them?” The father gives his daughter his mobile phone. They have
made a tradition out of shopping like this—Dad picks two choices, and she gets to pick
between them based on the results from GreenScanner. The daughter aims the camera
on the phone at the each can of corn in turn and clicks “Scan.” The results rapidly ap-
pear: for the $1.09 can, GreenScanner displays a score of “6.3,” with text that reveals
that the corn had been sustainably farmed and packaged in a recyclable can. For the
99¢ can, a score of “5.9” appears, with less favorable reviews. The daughter picks the
$1.09 can. The father is glad to spend a dime for his daughter to learn respect for envi-
ronmental conservation.

Related Work

The idea of connecting information to products through unique ID tags has a sub-
stantial history in corporate contexts. UPC, ISBN, VIN, RFID, and many other pro-
tocols have been developed to allow various industries to track their production and
inventories. These unique IDs facilitate a wide variety of business processes and make
them more efficient. Certain companies primarily use their own proprietary bar code
systems for tracking, which makes the integration of their content into comprehensive
databases more challenging. Many manufacturers and distributors, however, use stan-
dard tagging technologies; it is with these companies’ products that GreenScanner is
designed to work.

The existence of these standardized ID mechanisms also allows other individuals
and groups to exchange other kinds of information about those products. Co-opting
these ID processes enables stakeholders whose interests may not be directly aligned
with a given corporate entity to construct their own bodies of information about vari-
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ous products. For example, sites such as upcdatabase.com (2009) allow people to ac-
cess a variety of product information online, in particular discovering what company
makes a given product and what other products that company makes.

Accessing these identification systems via mobile devices has been done for several
years in grocery and department stores, where handheld UPC scanning “guns” allow
employees to identify many different products. Using consumer-owned mobile devices
to scan these identifiers was pioneered by the AURA project from Microsoft Research
(Brush, Turner, Smith, & Gupta, 2005), which used pocket personal computers to scan
UPCs and allow users to view, store, and share metadata and annotations about differ-
ent products. GreenScanner was the first project to have focused on utilizing this kind
of process specifically for environmental ends.

In terms of the connection between consumerism and environmental concerns, the
EPA has offered its guidelines for Environmentally Preferable Purchasing (U.S. Envi-
ronmental Protection Agency, 2006), which provide information for consumers on
the environmental impact of a range of different products. While this site has a large
amount of worthwhile information, it is not designed to allow consumers to access
the information with the necessary speed and convenience to enable it to influence
individual purchasing decisions. More recently, commercial efforts such as PriceGrab-
ber.com’s (2009) ShopGreen system have also sought to address the needs of environ-
mentally concerned shoppers. Here again, though, the system is not designed for mo-
bile phones. Jennifer Mankoff, Deanna Matthews, Susan Fussell, and Michael Johnson
(2007) provide an excellent summary of ways in which social networking sites may be
used to foster environmental concern, and describe a proposed project to use these sites
to encourage behavioral change.

Many different Web sites allow communities to exchange content in rapid and ef-
ficient ways. Urban Dictionary (urbandictionary.com, 2009) is a community-generated
database of definitions of slang terms. It allows users to upload definitions of terms,
and uses a thumbs-up and thumbs-down mechanism to permit other users to evaluate
the quality of those definitions. RateMyProfessors (ratemyprofessors.com, 2009) pro-
vides an opportunity for students to write candid, anonymous reviews of their univer-
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sity professors, and rank them by “clarity,” “easiness,” “helpfulness,” and “hotness.”
Epinions (epinions.com, 2007) allows consumers to evaluate products on a five-star
scale, and write reviews of those products. Wikipedia (wikipedia.org, 2009) lets people
contribute to community-generated encyclopedia articles. Each of these sites has char-
acteristics that helped to inspire the various versions of GreenScanner, as discussed

later in this chapter.
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Prototype

A prototype of GreenScanner (see figure 8.2) became public in April 2006. Since it used
standard Web technologies, the prototype ran on all Web-enabled mobile phones by
accessing a SQL database of consumer products through a PHP Web site. An archived
version of the system is available at http://GreenScanner.net.

The database of environmental impact information underlying the GreenScanner
system stores several main tables of data. First, it stores product information about all of
the consumer items about which information is being collected—product name, size,
and company—in an “Items” table. There is also a “Companies” table that includes
names for each of the companies that users have added to the system. These tables are
populated with information for over eight hundred thousand products, downloaded
initially from upcdatabase.com (2009) and expanded by GreenScanner’s user commu-
nity. Environmental impact reports are stored in two tables—one for “Product Reports”

GREENSCANNER
PRODUCT PAGE

UPC: I?42365254103 Co |

Product: "Horizon Organic 1% Low Fat Milk"
Size: "1/2 Gallon"

Company: "Horizon Organic"”
Update this information.

Envirp. Reviews / Other Reviews
Add Review / Directions

-ADD A REVIEW-
"1 C20C30C45 Add|
|(omment here.

# Environment related ¢ Other

-ENVIRONMENTAL REVIEWS-
Average score: 3.5714/5

Score: 4/5
Organic milk is certainly better for people, but it's hard
to know If organic food is any better for the
environment than regular food. *Locally-grown* food is

Figure 8.2
GreenScanner product page. © 2008 IEEE. Reprinted with permission.
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and one for “Company Reports.” Finally, there is a table for “Visits,” which keeps track
of all of the actions taken by site users.

These tables are manipulated by several Web pages. First, there is an “Index” page,
which contains directions for using the site and a text box into which people can type a
UPC. When a number is entered, the site confirms that it is a valid UPC and then takes
the user to an “Item View” page, which displays the product name, its size, the com-
pany that produced it, reviews written by other users, and link to several other pages.
The user may enter a review of that product and score it on a scale from one to five.
In addition, there is a “Company View” page, which provides a list of all the products
by that company and a list of all the comments written by users about that company.
Finally, there is an “Update” page where users can make changes to the name of the
product, its size, and the name of the company that produced it.

An element of the design of the initial GreenScanner site was the ability to add prod-
uct and company reviews that were both environmentally related, such as how much
waste it produces, and nonenvironmentally related, such as how it tastes. Below the
text box into which the review can be entered is a radio button to select between these
two choices. These two different groups of reviews are displayed separately on the page,
along with the average of the scores that users had given the product.

GreenScanner was designed to be accessed primarily from mobile devices. This fo-
cus has led to several design decisions. First, it is formatted to fit on a small screen;
all critical information is either visible (e.g., UPC) or linked to (e.g., directions) in the
top two inches of the screen. The site also does not include images, video, sound, or
any other bandwidth-heavy media, so that it loads as rapidly as possible. Finally, the
site was designed to use a standard Web browser, so that compatibility issues could be
minimized.

To simplify the process of entering the UPC into the mobile device, the system was
designed to use the camera on a given phone to analyze the UPC and input its nu-
meric equivalent into the browser automatically. The initial version of this system was
implemented for use on a Palm Treo 650; a freeware application called EAN13Barcode,
which uses the Treo’s camera, was integrated into the system. In addition, the system
could work with a Socket SDIO In-Hand Scan Card, which greatly enhanced the reli-
ability of the UPC scanning. A few months after the public release, a collaboration with
Microsoft Research’s AURA project allowed Windows Mobile devices to use their cam-
eras to enter UPCs with the GreenScanner system as well. The AURA system required a
custom-made macro lens attachment to perform the scanning, available for free from
Microsoft Research. All other systems needed to type in the UPC by hand.
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Evaluation

The GreenScanner prototype had a number of successes and shortcomings, described
here. The methodologies used in assessing the system included analyses of the server
logs, scanning process, community-generated content, and external reviews of the
GreenScanner system.

Public Reception A Google search for the term “GreenScanner” produced only 3 hits
on April 3, 2006, the day before the site’s public release. Within several weeks, the same
search revealed more than 15,000 hits. As of June 4, 2007, that search produces 702
hits. Note that due to the structure of sites such as de.licio.us, which cause the same
person’s tagging of a site to appear multiple times in Google, these numbers are signifi-
cantly larger than those of distinct human-usages of the relevant term. For example,
the June 4, 2007, search located only 57 distinct references to GreenScanner after ac-
counting for the multiplicity of de.licio.us hits.

The rapid rise and then fall of GreenScanner’s Web presence probably resulted from
the fact that GreenScanner was blogged on a number of prominent sites, including
worldchanging.com, grist.org, globeandmail.com, researchbuzz.org, smartmobs.com,
ecogeek.org, and supervegan.com. These blogs included comments such as “gloriously
simple” (Das, 2006), and “It’s cool technology, it’s empowering individuals, and it’s
allowing us to [make] more environmentally informed decisions. . . . [GreenScanner] is
the essence of EcoGeek” (Green, 2006). GreenScanner was also a finalist in the Toshiba
Green Innovation Awards, an award for environmental technologies in Orange Coun-
ty, California. All of these elements point to a public perception that GreenScanner
could be useful in addressing some of the world’s environmental issues.

Usage The GreenScanner site received 31,061 hits from April 4, 2006, through June 5,
2007, or approximately 73 hits per day. This activity started with several weeks of high
usage immediately after the university’s press release and the ensuing news articles,
then dropped off over the next few weeks, and then climbed steadily, albeit slowly,
over the following year.

Of the total hits, 19.6 percent were accessing the site’s Index page without a UPC,
meaning that they were probably visiting for the first time of a given session and had
arrived there via a Web link. Approximately 43.7 percent of the hits came through the
Product page and included content in the UPC field, meaning that the user had typed
something into that field or was accessing the site via a mobile device with an auto-
matic scanning system. The remainder of the hits was split fairly evenly between views
of Company pages (18.1 percent) and visits to the Update page (18.6 percent). These
visits came from 4,492 distinct IP addresses, or 6.9 page views per IP address.
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A total of 2,364 distinct text entries were input by users into the UPC field. Of these,
934 UPCs were found in the product database; the remainder was composed of either
UPCs for products that were never added to the database or malformed UPCs (words,

L

mistyped UPCs, etc.). Terms such as “Powerbook,” “levis,” “green,” and “Tide,” which
people entered in the UPC text field, point to an issue in which people expected certain
behavior from the system beyond what it was designed to do.

Four UPCs were publicized broadly in the media: “Horizon Organic 1% Low Fat Milk”
(742365264108) and “Poland Spring Water” (075720008513) via a university press re-
lease (Fitzenberger, 2006), “Clorox Disinfecting Wipes/Lemon” (044600015941), and
“ZBar—Chocolate Brownie” (722252194138) via a Grist.org article (Schults, 2006).
Both of these articles were cited by other news articles and blog posts, thereby mul-
tiplying their effect. These four products alone had a total of 2,203 hits during the
study period. In addition, probably due to the ease of navigation within GreenScanner
from one product to the company that produced it and then to a different product by
that same company, a large number of other products by these four companies also
received a relatively high number of hits. Items by these companies accounted for a
total of 20,737 hits, or more than two-thirds of the overall hits for the site. Removing
all products by these four companies from this analysis reveals a more accurate picture
of long-term site usage, since the goal is to cultivate users who utilize the system in
most or all of their purchasing decisions, rather than just visiting once from a news
article link. Four products that were used regularly in our research demonstrations were
also removed, as were any hits that had a blank UPC (i.e., first visits to the site). What
remained could be termed usage by “regular users.”

Regular users accounted for 3,973 hits over the study period. There was an average
of 9.3 hits per day. A total of 683 valid UPCs were entered at least once. These UPCs
ranged from “Oh Naturel Meatless Chick'n Strips” (062000597812) to “Energizer AAA
Battery” (039800045638) to “Ez Wider Papers” (074460000016). None of these UPCs
had more than 14 hits, and 640 of them had 5 or fewer hits. Multiple hits were usually
caused by a single user visiting various pages on the GreenScanner site with the same
UPC. The fact that these hits were spread evenly over so many products suggests that
there is an abundance of different products in common use within GreenScanner’s
community.

Ultimately, these data confirm that GreenScanner’s users were at least partially uti-
lizing the site as it was intended—to access information about distinct consumer prod-
ucts. In future sites we develop, the team plans to continue collecting similar data to
help elucidate the usage more fully.
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Reviews A total of 79 product or company reviews were entered, including 38 “envi-
ronmental” product reviews, 31 “other” product reviews, 5 “environmental” company
reviews, and 5 “other” company reviews. Of these, 31 of the environmental product
reviews, 30 of the other product reviews, 4 of the environmental company reviews,
and all 5 of the other company reviews were for products or companies not excluded
earlier, and thus appear to have been uploaded by regular users. Comparing this total
of 70 reviews to the total number of valid UPCs uploaded by regular users, it becomes
apparent that over 10 percent of products (70 out of 683) scanned by people were also
reviewed by them. While the numbers are fairly low, this result suggests that regular
users are relatively willing to provide content to the site.

A number of the environmental reviews contained relevant and reasonably high-
quality content. For example:

Twleve [sic] ounce aluminum can packaging is not as environmentally sensitive as 2-liter plas-
tic (PET) bottles. (See http://www.ilea.org/lcas/Tellus.html). Coca-Cola admits they use high
fructose corn syrup that was produced with the use of pesticides (see http://www2.coca-cola.
com/citizenship/environmental_report2004.pdf). The Coca-Cola company exposes the public
to toxins and depletes local public water sources in India (see http://www.ipsnews.net/news.
asp?idnews=29971).

Other reviews made environmental claims without documenting the validity of
those claims, such as “Nabisco was accused of releasing hazardous chemicals into
the environment.” Still other environmental reviews sought to encourage behavioral
change, rather than supplying factual information: “Paper towels are an uneccesary
[sic] waste of paper. Don’t buy these, just keep a sponge in your kitchen. You don't
need paper towels! They are the lazy person’s way, and bad for the environment to
boot.”

There was also at least one case of likely self-promotion, in which a product review
and a company review (below) were submitted in quick succession.

Today there is a growing public concern for reducing damage to our environment and depen-
dence on fossil fuels. GreenFiber’s Cocoon insulation responds to this concern by contributing to
environmental responsibility. Cocoon has the advantage of locally available raw materials which
consists of 85% recycled content. Cocoon requires less embodied energy—the sum of energy re-
quired to obtain materials, manufacture and transport a product. Cocoon’s responsibility doesn’t
end with delivery of the product. When installed, Cocoon improves air, thermal and acoustic
environment of a home. From raw material through installation, Cocoon builds environmental
responsibility.

While self-promotion is not inherently harmful, since individuals and corporations
often have a great deal of information about their own operations, it does demonstrate
the potential for exploitation of a system of this kind. Users also occasionally added
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spam reviews and other unhelpful content, such as “Freakin’ hippies” or “Seriously,
this is good milk. Buy valium and make your lady happy.”

Despite the broad assortment of types of reviews uploaded, there did seem to be a
facet of the community willing to contribute meaningful content to the GreenScanner
database. Nevertheless, the system lacks sufficient environmental impact information
for it to be broadly useful as a tool for shopping at this point. Because the system is
simply an infrastructure for the exchange of this information, it did not initially have
any information beyond the few reviews supplied by its creators. In order for this sys-
tem to be of wide use, it must have an abundance of environmental information, at
least within certain commercial sectors. This problem is similar to one faced by Wiki-
pedia, RateMyProfessors, and many other community-generated content sites. In order
to address it, it is critical that the act of contributing be inherently satisfying. Wiki-
pedia makes people feel like experts, RateMyProfessors lets people vent or commend
their teachers, and Urban Dictionary allows people to feel like part of the “in” crowd;
GreenScanner could be improved by making the process of contributing environmen-
tal information inherently satisfying. One way in which it could do so is to draw on the
example of American Red Cross blood drives, which make people feel good because of
their contribution to society. Similarly, sites such as GreenScanner should be designed
to help users feel that they are making a real difference when they contribute reviews
or change their shopping habits after using the system.

Future Work

GreenScanner was an early project in a growing area that seeks to provide consumers
with access to environmental information both at home and at the point of purchase.
The system was not without its flaws; nevertheless, thoughts on how to address these
issues may be constructive for future efforts in this direction. Improvements to Green-
Scanner that may be applicable to similar systems have been discussed over the past
several years by various members of my research group, in particular Joel Ross and Ellen
Eramya, and are discussed below.

A possible way to improve the value of users’ contributions to the database would
involve building a system to facilitate the making of comparisons between different
products, product categories, companies, and other elements. In using the initial ver-
sion of the site, users seemed reluctant to provide absolute evaluations of various items.
Shifting the focus to comparisons could help people feel more capable of contributing
meaningful information. From the comparisons that people enter across different as-
pects of the database (e.g., products or companies), it would become possible to com-
pare many other elements indirectly. For instance, if a certain can of corn is produced
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by the company Green Giant, and Green Giant is compared favorably to Bird’s Eye,
then the Green Giant corn is likely to be better than a can of corn by Bird’s Eye. While
the reliability of these comparisons might not be strong initially, they would provide a
basis for other users to refine the database over time.

Another mechanism for bootstrapping the database with information about a wide
variety of products would come from analyses of ingredients in each product. There
exist various databases online and elsewhere of the ingredients in each product. By
enabling people to rate and compare specific ingredients, the site would be able to pro-
vide initial valuations of many different products. Analyses of a few commonly used
ingredients would permit some information to be supplied for many thousands of dif-
ferent products. “High Fructose Corn Syrup,” for example, is found in about 10 percent
of the products in one popular online database.

There could also be a reputation management system to allow providers of high-
quality content to have a greater impact on the system. Anyone could use GreenScan-
ner to contribute statements or simply click icons to evaluate those statements. In
addition, users would be given the opportunity to create an account with the site. All
registered contributors would have a reputation score based on the evaluations that
other people had given to the environmental impact statements that they had posted.
This score would be based on the sum of the review quality scores for all reviews con-
tributed by that user. Also, just as Slashdot allows people to modify whose comments
to see based on posters’ reputations (Lampe, Johnston, & Resnick, 2007), GreenScan-
ner could allow different individuals’ comments to be included or excluded based on
their reputation scores. The version of GreenScanner currently online includes a simple
reputation management system.

An approach that would dovetail with any of the above efforts would involve using
Amazon’s Mechanical Turk or a similar system to help fill out the database. Through
Mechanical Turk, large numbers of people can be enlisted to assist with small tasks for
small amounts of money. Turkers (as the users are called) are willing to perform tasks
similar to ranking the environmental impacts of products for only a few U.S. cents
and write product reviews for less than a dollar. For several thousand U.S. dollars, an
organization could populate an environmental database with information about the
most popular products relatively quickly. The quality of these reviews would vary, but
it would at least provide a baseline of public opinion from which to build.

Potential Impact
The primary objective of GreenScanner is to help consumers engage in environmental-
ly preferable purchasing. A pivotal moment in a consumer’s decision-making process
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is at the point of purchase, where a choice between two or more products may hinge
on small differences among them. By letting people scan the UPCs of products using
the camera on their mobile phone and retrieve information from an online database of
environmental reviews, GreenScanner helps shoppers figure out what to buy.

In 2004, the U.S. Bureau of Labor Statistics (2006) reported that there were more
than 116 million “consumer units” in the United States, each consisting of an average
of 2.5 individuals. It may be estimated that the percentage of these consumer units
that carry mobile phones while shopping is high, since there were 255 million mobile
phone subscribers in the United States in 2007 (Central Intelligence Agency, 2009) or
1.1 subscriptions for each of the 228 million people over 18 years old in the United
States (U.S. Census, 2009a). While not all phones have cameras and data service, if 5
percent of all consumer units were to access GreenScanner while making their con-
sumption decisions, this would result in 5.8 million consumer units being influenced
by this process.

Each of these consumer units enjoyed an average income before taxes of US$54,453,
with US$43,395 in average annual expenditures (U.S. Bureau of Labor Statistics, 2006).
Approximately 13.2 percent of each consumer unit’s annual expenditure was spent
on items that are likely to have UPCs. These items included “Food at home” (7.7 per-
cent), “Alcoholic beverages” (1.1 percent), “Personal care products and services” (1.3
percent), “Reading” (0.3 percent), “Tobacco products” (0.7 percent), and “Apparel and
services” (2.1 percent). While some items in each of these groups may not have UPCs,
items in several other categories may have UPCs as well. This percentage amounts to
US$S5,730 of UPC-labeled items per consumer unit per year.

If 5.8 million consumer units consulted GreenScanner in these expenditures, a to-
tal of US$33 billion in purchases would be impacted. Altering the decision process
even slightly for this volume of purchases could have a profound impact on the total
amount of solid waste produced.

For example, if GreenScanner affected 10 percent of a consumer unit’s purchasing
decisions, and the difference in impact were a 10 percent reduction in waste from the
old product to the new product, then GreenScanner would have reduced that consum-
er unit’s total consumer waste by 1 percent. If each consumer unit includes 2.5 people,
5.8 million consumer units use GreenScanner, and each person produces 0.54 kilogram
of UPC-labeled waste per day, then GreenScanner would reduce consumer waste by
more than 28 million kilograms per year.

Discussion Many consumers could be willing to change their purchasing habits to
take environmental issues into account. However, these individuals often do not have
sufficient information to allow environmental concerns to factor into their decisions at
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the point of purchase. Systems such as GreenScanner can help these consumers engage
in environmentally preferable purchasing in some or all of their everyday purchasing
decisions. By enabling consumers to have environmental impact information at their
fingertips while shopping, GreenScanner and similar efforts contribute to a number of
environmental goals, such as the reduction of consumer waste.

Systems such as GreenScanner aid in keeping humans at the center of environ-
mental issues, focusing especially on the impact of consumer decisions. The levels of
human consumption in general are problematic, as are the specific choices that people
make about what to consume. Situating environmental decision making at the mo-
ment of purchase can focus people’s attention on the problem at one of its most critical
points. The vision for this system is to provide a forum for exchange of environmental
information in a format that is reliable and easy to access. By doing so, people around
the world may be enabled to make more informed decisions in their everyday lives,
and potentially work together to address the environmental issues that surround each
of their lives.

During its public deployment, the GreenScanner system gathered a small but stable
user community, yet shortcomings in the design and development prevented that com-
munity from growing and making the necessary subjective contributions that could al-
low the site to have a broad environmental impact. Other systems such as GoodGuide
(goodguide.com, 2009) and Consumer Reports’ Greener Choices (greenerChoices.org,
2003) are doing excellent work at gathering databases of environmental information.
Mobile device applications are beginning to emerge in this domain as well, such as
Seafood Watch (montereybayaquarium.org, 2009). Ultimately, these kinds of systems
could reach beyond the limits of only UPC-labeled products to include any system-
atically identifiable content. For instance, RFID chips, car VIN numbers, and other
systems could also be used. While there are numerous questions involved with this
expansion, from technical concerns to privacy issues, there may be significant environ-
mental benefits to be gained by collecting environmental information about objects.
Hopefully in the coming years a system will be developed that delivers on GreenScan-
ner’s original model—a mobile application that provides comprehensive and accurate
environmental information about many different products at the point of purchase.

EHCC Perspective

Systems for enabling communities to understand environmental issues and take ac-
tion together provide good examples of the EHCC perspective. They show how the
improvement of our abilities to think and work collectively thereby helps augment our
capacity for operating on broader scales of time, space, and complexity.
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The GreenScanner project, for example, helps people extend their time horizons
in two main ways. First, it gives users of the system a better understanding of the
environmental impact of the purchases they make, thus connecting a short-term deci-
sion (what to buy) with long-term impacts (how much waste). Second, it encourages
contributors to the database to lengthen their time horizon for doing research, helping
them know that the benefits of their research will extend beyond their own personal
use at this moment, and enabling other people to make more informed decisions in
the future. Many other community-based systems provide similar advantages across
longer scales of time.

Collective technologies also broaden the spatial aspects of human action. They en-
able people to perform tasks across geographic distance in a synchronized manner. This
coordination can occur in nearby locales, as members of the same community cooper-
ate on joint tasks, or across great distances, as strangers from vastly different locations
work together in real time or asynchronously. In addition to helping spatially distrib-
uted groups of people act together, enabling people to realize that actions with broad
spatial and social extent are even possible is a profound impact of these technologies.

The ability to help people manage social and disciplinary complexity is another key
benefit of technologies for collective action. Not just enabling people to work together
but enabling very different people and various institutions to work together—entities
with different goals, ideas, ideals, and abilities—is of critical importance. Coordinating
large teams has traditionally been a difficult challenge; collective technologies make
it possible for people without a personal fortune or standing army to bring together
many others to perform great things.

Humans are social animals; enabling us to work together socially is a central need in
an effort to launch a large-scale response to Earth’s growing environmental concerns.
Green IT can help this effort, helping people find like-minded individuals, share ideas,
and work together to accomplish far more than each could alone. With the spread
of both desktop and mobile computing around the world, IT is having a significant
impact on the ways people collaborate, and is poised to continue transforming hu-
man communication and cooperation. Harnessing these capabilities for environmental
ends is critical.






9 Ways Forward

If our black and nervous civilization, based on coal, shall be followed by a quieter civilization,
based on the utilization of solar energy, that will not be harmful to progress and to human
happiness.

—~Giacomo Ciamician, 1912

Humans have a long history of solving problems that limit our ability to thrive. We
built structures to protect ourselves from the elements. We developed agriculture to
guard against vagaries in the availability of wild food sources. We developed codes of
laws to organize ourselves. We cured diseases that threatened our communities. Each
time some threat has arisen, either externally or internally, humans have risen to meet
the challenge. The evidence for our success in this regard is the great number of hu-
mans currently alive.

Our ability to respond to these hardships has been magnified by our skill with tools
and techniques for taking action, both individually and together. The brick, plow, pen,
and microscope are all products of human ingenuity that have allowed us to shape
the contexts in which we live—our “environment”—in one way or another. Working
together, we have developed ever more complex innovations, building on what has
gone before.

Our very success, however, has created the next great challenge. As was discussed in
chapter 2, a great deal of evidence now suggests that humanity is on an unsustainable
trajectory—that we are using too many resources and producing too much waste for
the global civilization to continue indefinitely without profound changes. How we re-
spond to this challenge will be of great importance over the coming decades, centuries,
and millennia.

This challenge is unique in its breadth. It is the result of the collective actions people
have taken over thousands of years and around the world. It is a side effect of actions
that were taken for millions of other reasons—good reasons, certainly, at the time they
were taken—such as feeding our families, helping those less fortunate than ourselves
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achieve a better quality of life, and creating beauty. The collective impacts of these ac-
tions, however, are now becoming deeply problematic.

In order for humanity to respond to these challenges, we must develop ways to
think about the effects of our actions across long time scales, bridge across great dis-
tances, and integrate our capabilities in vastly different fields. Unassisted, humans are
not skilled at dealing with problems this great. Fortunately, we have the capability to
develop technologies that can help us understand and act at scales beyond our own.
This is the same capability that has allowed humanity to transform Earth’s ecosystems
to date.

IT in particular can help us extend our reach, enabling us to communicate with and
learn from millions of other people, see millions of miles, discover what happened mil-
lions of years ago, and predict the distant future. IT can help people and organizations
develop an understanding of the actions that must be taken here and now in order to
have broad effects. It can integrate personal and institutional efforts, and connect them
both to environmental ramifications. By helping humans collect and process informa-
tion, communicate with each other, and control systems with precision, IT is well
suited for coordinating a coherent set of responses to global environmental concerns.
By broadening our horizons, IT can help us understand the full impact of our past ac-
tions and full potential of our future choices.

This book has presented a number of ideas that can facilitate a scientifically ground-
ed vision of a future in which humans and other species continue to exist indefinitely.
A major challenge in this process involves understanding how new approaches to sus-
tainability integrate with the existing realities of the world. This chapter considers this
integration process as a way of tying together these ideas. By fostering understanding of
the ways in which humanity can move from its current state of being to a more sustain-
able future, and how IT can facilitate this transition, this book can contribute to a long-
term resolution of the environmental challenges with which we all are currently faced.

Enacting Change

If we have a vision of sustainability, how do we cause the world to enact this vision?
Reality is full of SUVs, Styrofoam, and social structures that will not simply vanish at
the snap of one person’s fingers. Rather, we need to understand the stages between the
current reality and a sustainable future, and then think through a path between them.
There are two main ways in which changes become integrated: continuous gradual
change and discrete quantum transformations.
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Continuous Gradual Change

At the Greening of the Internet Economy conference, panelist Will Recker told of an in-
telligent transportation system prototype in which autonomous computer-controlled
cars were able to travel sixty miles per hour, two to three feet apart. This system was not
able to achieve broad usage, though, because of the lack of interim steps from a fully
human-driven transportation system to a fully autonomous system; a partial solution
was nonviable. As Recker (2009) summed it up, “Any new system [has] to have some
way of getting from here to there.”

Envisioning an internally consistent world order that is sustainable in the long term
is challenging enough in itself. However, this challenge becomes even more formidable
when presented with the fact that the world needs to change from its current reality to
this proposed future in some series of steps. While a powerful government with vision-
ary scientists, social engineers, land-use planners, and other experts may have the ca-
pacity to enact sweeping changes over a relatively short period of time, there are many
unavoidable issues that must be dealt with in order for global transformation to occur.
For example, even if people were to abandon many of the roads currently being used
around the world, those roads would still exist, and would continue to have an impact
on ecosystems for decades or longer. People can take action to transform “existing situ-
ations into preferred ones” (Simon, 1996), but that action requires prior research and
understanding to be effective.

There is a story that my grandfather, who was the chief accountant for Scott Paper
Company, used to like to tell. In this story (which I found out later is derived from an
Indian folktale involving a girl, a raja, and some grains of rice), a young boy does a
favor for a king. The king, in return, asks him what reward he would like. The boy says
he would like just one penny today and then two pennies tomorrow, and for his reward
to keep doubling each day, until a month had elapsed. The king thought nothing of
such a small request and granted it happily, considering the boy to be naive in asking
for so little. By the end of the month, however, the boy had all of the money that had
been in the king's coffers.

This story is relevant to the environmental topic at hand in that, as an initial step
toward global transformation, humans could begin moving toward sustainability
through a commitment for continuous and cumulative smaller changes. Restructuring
of the world’s ideology takes time; as that restructuring gradually comes about, people
might initially be encouraged to make a series of modifications to their lifestyles, with
the goal that these incremental changes, like the boy’s coins, will add up over time.
Simultaneously, through institutional and infrastructural change, we might support
these smaller changes on a larger scale.
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In mathematics, a monotonic function is one in which the direction of change is
constant. For example, one’s age is a monotonic function (since it is always increas-
ing), whereas one’s weight is not (since it can go up or down). The goal of this section
is to strive for monotonic change in people’s environmental impact. While it may not
be possible for a person or organization to become sustainable instantaneously, those
entities can nevertheless seek to become better a bit at a time, and never to backslide.
Continuously improving one’s environmental efforts is valuable in a number of ways.
First, the behavioral change has a direct impact on the state of the world. Second, it
establishes a lifestyle choice that leads one to watch for additional opportunities to
live sustainably. Third, it helps provide other people with possibilities for their own
lifestyle modifications.

Technology will be a critical component in the effort to improve the sustainability
of human civilization. IT, specifically, provides powerful tools to help people adopt
environmental perspectives and lifestyles. IT systems can encourage people to engage
in monotonic changes with regard to environmental issues. Many of the projects and
ideas presented here have dealt with this sort of incremental improvement. From
Trackulous, which gives people tools for keeping track of their lives, to the Wattson de-
vice (diykyoto.com, 2009), which monitors home energy usage, to the various carbon
offset programs, which allow people and organizations to compensate for unsustain-
able choices, IT systems are contributing in many different ways to the possibility of
continuous gradual change.

Fortunately, many of these new approaches to sustainability use technologies that
already exist. There are a number of benefits to basing an environmental intervention
on an existing platform. First, it enables the intervention to take advantage of existing
infrastructure, rather than needing to pioneer both the intervention and the platform
simultaneously. Second, because of the breadth of existing market penetration (e.g.,
three billion mobile phones), a project might be able to have much broader reach
due to the established underlying platform. Third, people may feel more comfortable
with an existing piece of technology, and therefore may be more willing to consider
environmental activities using it. Finally, since infrastructure takes resources to deploy,
the intervention can be undertaken with less marginal environmental impact than an
effort that needs to build out its own infrastructure as well.

In some cases, however, the infrastructure may not exist to permit a particular en-
vironmental intervention. If the need is great enough in these cases and the awareness
of it is sufficiently widespread, there may be a social impetus to set up entirely new
infrastructures. For example, there is currently an effort afoot in the United States to
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bring about an infrastructure of charging stations for electric cars as an alternative to
gas stations. Nevertheless, the effort required to enact change at this scale is nontrivial.

The broad goal of many Green IT approaches is to encourage us to look for oppor-
tunities for incremental environmental improvement in all aspects of our lives. If we
are already using technological systems, then we should be able to use those systems
to enact sustainable change as well. Incremental improvement across many people and
activities can collectively have a transformative effect.

Two main factors contribute to a continuous gradual movement toward environ-
mental sustainability: personal change and broad social adoption. At an individual lev-
el, each person may engage in gradually different behavior; so too may change spread
at broader social and institutional levels, as more and more people and organizations
take on a behavioral pattern. These two factors combine to enable societies as a whole
to have a great impact through continuous gradual change.

Social forms of Green IT are critical to global sustainability efforts. The value in these
efforts does not lie solely or even primarily in the difference made by individual life-
style changes. A large part of the value of social Green IT systems rests in their ability to
change individuals’ minds and encourage them to identify as environmentally aware
individuals. When these people assume positions of power within existing organiza-
tions, take up the mantle to oppose social problems, raise their children, or enact the
thousands of other possible behavioral patterns that make up a human life, they will
imbue these actions with environmental awareness. This awareness will be the stuff of
which social transformation is made.

People need both emotional engagement with sustainable ideals and accurate infor-
mation on which to act. To create emotional engagement, people would benefit from
being situated at the center of sustainable issues, but not at the center of a huge guilt
trip. We might see environmentally inspired change as an opportunity to improve
our lives, rather than as a burden thrust on us or a stripping away of resources. As the
myriad projects described in chapters 6-8 sought to make clear, IT can help bring these
forms of emotional engagement to pass.

Providing accurate information about how best to change and reliable documenta-
tion about change that has already occurred is critical as well. IT can help establish
metrics for determining the success of various efforts, measuring observables, and dis-
seminating the results. It can help people know that the efforts being undertaken are
actually working, and that their contributions are having real impacts. Both emotional
engagement and accurate information will assist people in gradually deepening their
involvement in environmental concerns.
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This section has discussed the need for continuous gradual change across many dif-
ferent people’s lifestyles to achieve environmental sustainability. Still, in some circum-
stances successive refinement can only take one so far. New research discoveries pro-
vide opportunities for major behavioral or social alterations that can achieve profound
transformations. There may be steps along the path to sustainability where successive
refinement is not viable and some quantum leap is necessary.

Quantum Change

Gradual changes to the world’s current way of functioning might be the easiest way to
encourage broad-scale participation in environmental efforts. However, there is prec-
edent for major social transformations happening in a relatively short period of time.
Revolutionary social movements have shaped the modern era, with new governments
taking over and dramatically altering the fabric of society in those countries. The collec-
tive shift in behavior and perspective that occurs in countries as a result of cataclysmic
events such as war or natural disasters demonstrates the willingness of groups to work
together to address a common cause. Technological innovations such as electricity and
computing have also ushered in rapid changes on a large scale around the globe. For
example, within the last fifteen years, the Internet has caused significant social shifts
around the world, transforming commerce, communications, entertainment, politics,
and many other fields. These transformations, facilitated by political, social, techno-
logical, and other causes, play a major role in the way civilizations operate.

It is possible to think about the relationship between gradual change and quantum
transformations as being like the different the gears of a car. When a car shifts into
a higher gear, it may suffer reduced efficiency or speed momentarily, but is able to
go faster in the long run. So too with the environmental movement: many gradual
changes collectively move humanity toward sustainability, but occasionally we may
need to undergo more dramatic alterations in order to be able to make gradual progress
once again.

There is a significant concern that gradual change may not be sufficient to achieve
global sustainability. As the Smart 2020 report asserts, “It is becoming clear that incre-
mental change is not going to be enough to tackle climate change to the degree and at
the speed required to keep carbon at ‘safe’ levels in the atmosphere” (Climate Group,
2008, p. 51). IT can be of use here as well, helping us recognize discontinuities between
business as usual and sustainable lifestyles.

In his book The Structure of Scientific Revolutions, Thomas S. Kuhn (1996) discusses
the processes through which science undergoes paradigm shifts. While everyday sci-
ence helps to flesh out the details of new paradigms, Kuhn proposes, it does not lead
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to paradigm shifts in science; rather, shifts are caused by crises. As Kuhn notes, “The
significance of crises is the indication they provide that an occasion for retooling has
arrived” (p. 76). It is likely that one or more paradigm shifts will occur as the scientific
community discovers better ways to think about and address the world’s environmen-
tal concerns. These shifts are likely to trigger vastly new kinds of social responses to the
environmental crisis.

Even within existing scientific paradigms, the tipping point phenomenon could
bring about dramatic social transformations in a short period of time. The core premise
here is that once that point is passed, the ensuing change is self-reinforcing and thus
escalates. Peak oil is an example of a tipping point that impacts the world’s environ-
mental issues. Because so much of the world’s energy infrastructure is predicated on
oil and other petroleum products, the point at which oil production peaks is seen as
pivotal in terms of the humanity’s energy supply. The decline of energy availability
after peak oil could lead to not just high gasoline prices but also problems in many
different facets of society. According to CNN, “To feed an average family of four in the
developed world uses up the equivalent of 930 gallons of gasoline a year—just shy of
the 1,070 gallons that same family would use up each year to power their cars” (Oliver,
2008). Because of the far-reaching impacts of decreased oil production, there will likely
be revolutions in not just transportation but also food production, manufacturing, and
many other fields.

The alternative to revolutionary changes, in some cases, may be catastrophe. Despite
this looming threat, the ability of human cultures to respond vigorously to transfor-
mative events in the past offers hope that we will develop profoundly new ways to
work together, supported by and utilizing IT, that help us respond to this new set of

concerns.

Balancing Research and Action

One of the challenges faced by anyone desiring to respond to environmental issues
is in knowing what to do. We have imperfect information about our world, and that
limits our ability to make perfect plans to respond to it. Nevertheless, the lack of exact
accuracy in our understanding does not relieve the pressing need for a response. Action
in the face of uncertainty is difficult and sometimes scary, but it is necessary when the
uncertainty involves a non-negligible risk of worldwide cataclysm.

While scientists are able to make increasingly accurate models, it is not possible to
have perfect information on climate change and other environmental issues. Despite
this limitation it is still important that people take action to address these issues, given
the high likelihood that the global environmental situation is becoming increasingly
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problematic, and that humans are in large part the cause. Research is critical to under-
standing the problems at hand, but it is ultimately only as effective as the people who
act on that research to produce change.

In order to have the greatest impact on present-day environmental issues, we must
strike a balance between research to understand the problems and acting to effect their
solutions. If we spend all of the available effort on research, without any attention to
acting on the results, no actual change in environmental impact will occur. In fact, a
call for deeper understanding is sometimes used as a technique for preventing action.
On the other hand, action alone, based on the current imperfect information that
we have about these issues, may result in misdirected effort, solving trivial problems,
missing important and achievable goals, and potentially doing more harm than good.
Engaging simultaneously in high-quality science and vigorous courses of action will
have the greatest effect.

I once thought that Socrates, Plato, and Aristotle were philosophers who were fa-
mous purely on the strength of their own ideas. However, my understanding of the
situation changed dramatically when I discovered that Aristotle had been the child-
hood tutor of Alexander the Great. While perhaps Socrates, Plato, and Aristotle would
have been remembered even had this not been the case, I find it much more likely that
they joined the ranks of the foundational thinkers of Western civilization because Al-
exander conquered Greece, Egypt, most of the Middle East, and a large chunk of Asia,
and spread their ideas in his wake. In this spirit, research is rendered important when
people choose to act on it. Until we do so, research may have a great deal of potential,
but it will not change the world on its own. This book has sought to propose tools that
can enable people to work together to turn the ideas of researchers into positive envi-
ronmental change, thereby becoming, collectively, a kind of distributed Alexander the
Great for the environmental movement.

Enacting environmental change will not be easy. Change in itself is often difficult,
and some people and institutions oppose environmental action. Entities that resist ac-
tion around environmental issues do so for a number of reasons. They may stand to
lose a great deal of money from the changes that would be necessary, as the oil industry
might. They may prefer to devote their energies to other issues that they find more
pressing, such as politicians supporting economic growth. In some cases, they may
even be looking forward to the end of the world, as in the case of the religious group
that created the Rapture Index (raptureready.com, 2008).

Some groups that oppose environmental action may not do so openly. Given the
prevailing culture in the United States and many other countries, it would be socially
and politically problematic to oppose environmental issues explicitly. Therefore, op-
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ponents of environmental action often claim that there is not enough information to
act effectively, and that we need more research before we can act. U.S. president George
W. Bush (2002), for example, in a speech on climate change, said, “When we make
decisions, we want to make sure we do so on sound science; not what sounds good,
but what is real.” President Bush was not renowned as a champion of environmental
concerns during his presidency; his calls for “sound science” have been seen by some
(including Kofi Annan, then secretary general of the United Nations [Kirby, 2001]) as a
way of delaying action in the present.

More recently, however, there has been greater support for environmental action at
the highest levels of the U.S. government. Shortly before taking office, then President-
Elect Barack Obama made the following statement:

Now is the time to confront this challenge once and for all. . . . Delay is no longer an option.
Denial is no longer an acceptable response. The stakes are too high. The consequences, too seri-
ous. Stopping climate change won’t be easy. It won’t happen overnight. But I promise you this:
When [ am president, any governor who's willing to promote clean energy will have a partner in
the White House. Any company that’s willing to invest in clean energy will have an ally in Wash-
ington. And any nation that’s willing to join the cause of combating climate change will have an
ally in the United States of America. (Youngman, 2008)

Ultimately, it is necessary to undertake simultaneous efforts in research and action,
accompanied by a willingness to accept a degree of error, when the decisions causing
that error were based on the best available information at the time. Tightening the
feedback loop between researchers and action takers can help to reduce the margin of
error by getting the most accurate information to the people taking action as quickly
as possible. IT can provide tools and techniques for making this feedback loop more
rapid, thereby reducing the time lag and mitigating the effects of any potential errors.

The EHCC approach can support this balance between research and action. By con-
sidering the scales of time, space, and complexity of the environmental problems and
relevant human responses, designers may be able to understand how IT systems can
narrow the gap between the two. Evaluators of systems can use this conceptual frame-
work to assess how effectively these systems perform at bridging the two scales. Mod-
elers and policymakers may use this approach to consider where problem spots are
likely to lie in an effort to achieve sustainable targets. Across many different efforts,
this approach can also be used to establish connections and develop taxonomies. The
Green IT systems developed using an EHCC approach, and the ways in which existing
systems are adapted for environmental ends, can collectively help humanity live more
sustainably.
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Long-term Impacts

A professor at MIT named Hiroshi Ishii, while giving a guest lecture to a class of first-
year PhD students, once provided the following exercise. He first drew a horizontal
time line on the whiteboard. Then he drew a short vertical line at the left end of it and
wrote “2007” above it. Next, he drew a vertical line to the left of center of it and labeled
it “2050.” Above it, he drew a little tombstone with “RIP: me” on it. Next, he drew a
line at 2100, again with a tombstone, and wrote “RIP: all of you” on it. Then he drew a
line at 2200 and asked, “What will the impact of your research be here?”

While the task of planning a research agenda for its impact two hundred years in the
future is a bit daunting, it nonetheless opens up a broader horizon than most people
usually consider. Corporate research and development tend to deal with issues one to
five years in the future; academic research typically deals with events two to ten years
away. Thinking about impact twenty times further into the future requires a different
set of approaches. The Long Now Foundation has made efforts in this direction, begin-
ning to think about problems on a time scale of ten thousand years—for example, by
adding a O to the year (02009) to avoid the “deca-millennium bug” that will occur in a
bit less than eight thousand years.

This book has chosen many of its case studies around shorter-term phenomena than
those that are two hundred or ten thousand years in the future, in part to help create
a connection with broader audiences. However, these instances can begin the process
of extending our horizons. By looking at the ways in which IT can broaden the scales
of time, space, and complexity that we consider when making decisions, the ideas
presented here may be of some use in stretching our attention beyond our proximate
concerns.

IT has been around for a long time—from number systems to written text to maps
to the printing press to computers. Pressing social and cultural issues have been around
just as long as IT. From diseases to warfare to the need to stay warm and find food, hu-
manity has been faced with many formidable challenges. Environmental issues are per-
haps the most critical of the challenges that humans face, but there are many others.
Just as IT has supported efforts to deal with past challenges, it will be a key component
of our response to environmental issues as well.

Other Global Challenges

Environmental sustainability has been the reason for discussing the broadening of ho-
rizons through IT in this book. Looking beyond this set of problems, though, there
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may be other applications for the perspectives presented here. The United Nations
offers eight “Millennium Development Goals”: ending poverty and hunger, ensuring
universal education, promoting gender equality, reducing child mortality, improving
maternal health, combating HIV/AIDS, achieving environmental sustainability, and
developing a global partnership (United Nations, 2009). As with sustainability, the
seven other goals have a certain commonality: they are all beyond the scope of any one
individual. Still, they are all critical to a just future.

Many of the lessons learned in the close analysis of IT for environmental sustain-
ability could be applied effectively in these other problem domains. Looking for gaps
between the time, space, and complexity horizons of individual humans and the scale
of the problems, and seeking ways for IT to bridge those gaps, could help pave the way
toward novel approaches to these overwhelming issues. Understanding the discon-
nects of scale that are causing systemic problems and helping to remediate those con-
cerns could be among the many contributions of IT to addressing global issues. While
IT is not a panacea, it is an enabler of diverse human undertakings. If humans have
the power to fix the vast problems facing us, it is likely that we can do so more quickly
through the use of IT.

A Cautiously Optimistic Perspective

In light of the many complex environmental challenges confronting humanity today,
it is clear that the thousands of projects currently under way around the world and
the several hundred pages of this book only begin to scratch the surface of the prob-
lem. Nevertheless, I remain cautiously optimistic about humanity’s ability to respond
to these challenges without needing to survive an apocalypse. Cautious, because the
challenges are great and the stakes are high. Optimistic, because what humans lack in
foresight, we make up for in enthusiasm and compassion. While it would be far more
efficient to enact small changes over a longer period of time, we are instead setting
ourselves up to need a much more urgent response to more dramatic problems. The
transition would probably be easier if everyone were able to take a longer time horizon
into account while making decisions. The value of a long time horizon, however, is
predicated on people having access to basic necessities that allow the luxury of looking
to the future; the education to understand what is coming and have ideas about how
to address it; and the social, corporate, and governmental support to take action in
response. Nevertheless, even with the relatively short-term view shared by most people
(and I do not exempt myself; if my computer is not working correctly or I cannot find
a parking space, environmental issues rapidly move to the back of my mind), at some
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point the issues will become sufficiently pressing that we will be forced to confront
them.

Every effort I can think of to contribute to global environmental sustainability in-
volves some degree of environmental cost as well. Moving to a more sustainable power
infrastructure involves disposing of the materials from the previous system. Bicycling
to work instead of driving means one needs to eat more food, which has a nonzero
carbon footprint. Even the time spent thinking about what environmental actions to
take involves costs, if only just the opportunity cost of not taking some other action
during that time. The goal in any of these cases is simply to have the benefits outweigh
the drawbacks.

Consider, too, this book. It is printed on dead trees, albeit recycled dead trees (except
for those of you who may be reading it online or as an e-book). Nevertheless, it seeks
to have a positive net environmental impact. The archival value of a paper-based book,
and the quality control, credibility, and distribution apparatus of a major university
press can all help to broaden the impact of the ideas. Although it involves some envi-
ronmental costs, hopefully the benefits are greater.

I wrote this book to help set the stage for the social transformations that I see com-
ing in the near future, by addressing the role that IT can play in the change of hu-
manity’s style of living from unsustainable to sustainable. Hopefully thereafter, IT can
support us as we move beyond sustainability to the restoration of ecosystems and new
kinds of abundance. While IT and humanity’s relationship with it are not without
their shortcomings, such as e-waste, power usage, and irrational exuberance about how
much it can help, there is a great deal of potential in using computational tools to ma-
nipulate and share information. This book has sought to provide suggestions of how
IT can facilitate opportunities to change individually and connect with others to live
together more sustainably. Excitingly, the payoff will not just be in the continuity of
life on Earth but also in closer connections within our communities and with the world
around us.

Humanity faces vast environmental challenges in the coming years; yet to suggest
that they are unconquerable would be to place too little faith in the ability of people,
both as individuals and as groups, to understand the world and respond to it effec-
tively. Great change is coming; I hope and believe that people can take the initiative
to enact change on a global scale, rather than becoming the victims of global change.
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with Rebecca Black, Andrew Zaldivar, Rob Olson, Jeff Greenberg, and Lilly Irani.

5. This project was initially developed by the author, and was improved through work by Joel
Ross and Ellen Eramya. Portions reprinted, with permission, from Tomlinson 2008a. “Prototyp-
ing a Community-Generated, Mobile Device-Enabled Database of Environmental Impact Reviews
of Consumer Products,” Proceedings of the 41st Annual Hawaii International Conference on
System Sciences (HICSS 2008), pp. 154ff. © 2008 IEEE.
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