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Synopsis

Our world faces an unprecedented energy crisis. Fuel shortages, skyrocketing energy
prices, climate change, nuclear contamination, catastrophic oil spills and energy wars
define the global scenario. The nonrenewable energy path of oil, natural gas, coal
and nuclear is headed for a dead-end at an accelerated speed. In our race for survival
we are awakened to the simple truth that the essential condition of sustainability
lies in our ability to live within the limits and renewability of natural resources.
It invokes within us an urgent need for transition — from an obsolete, destructive
and unsustainable energy path to a sustainable path of innovation, renewable energy
and peace. The good news is that the technology required to make this transition is
already available.

From an author with over 30 years of experience campaigning for and setting
up renewable energy projects around the world, this book is unique for its
interdisciplinary approach — interweaving technology, economics, environmental
science, philosophy, history, spirituality and politics, asserting that to understand
the crisis and find a sustainable solution requires a holistic perspective. Readers
will understand the vast renewable resources we have at our disposal in the form of
sunlight, wind, heat, water movement and photosynthesis, and the technologies used
to harness this power. There are also the emerging prospects of solar hydrogen fuel
cells, biofuels and geothermal systems. The true economic advantages of a shift to a
renewables-based economy (and how we can get there) are laid out clearly. There’s
much to learn from examples around the world while we devise local and appropriate
solutions.

Written for a crossover readership of students, educators, professionals,
academics, activists and policymakers, both nationally and internationally, this is a
comprehensive but readable and practical book that will inspire people to wake up
to renewable solutions.
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Preface
Racing for Survival: Transitioning to

a Renewable Energy Path

We are like tenant farmers chopping down the fence around our house for
Sfuel when we should be using natures inexhaustible sources of energy — sun,
wind and tide. Id put my money on the sun and solar energy. What a source
of power! I hope we don’t have to wait until oil and coal run out before we
tackle that.

Thomas Alva Edison (1847-1931), “The father of the electrical age™

We will harness the sun and the wind and the soil to fuel our cars and run our
Sactories ... All this we can do. All this we will do.
President Barack Obama, Inaugural Address, 20 January 2009*

Energy is our basic means of survival. As people everywhere aspire for a better life-
style, nothing is more convincing than the promise of the better lifestyle that energy
can bring. A more comfortable home, good health, eating well, nice clothes, travel,
more entertainment, more opportunities to learn — the list goes on. And human
ingenuity struck more than gold in detecting, extracting, storing, distributing, using
at will and profiting from the energy contained in fossil and nuclear sources. As
compact sources of energy, fossil and nuclear sources were amazingly attractive and
powerful — like the Genie in Aladdin’s lamp, ready to be released and serve its master
— without ever getting exhausted.

The Industrial Revolution in the late 18th century was fuelled largely by coal.?
Since then global industrialization has been accelerated by an increasing reliance on
coal and other fossil fuel sources as well, such as oil and natural gas, and uranium
for nuclear power, as these were detected over the years. Together and in varying
percentages these continue to provide the main fuel sources for the global industrial
economy.

The benefits of the fossil fuel/nuclear path need not be discounted. But the story
of human triumph with energy, and the benefits it has provided, now has other
chapters — some that are newly written, some that were not included, some that were
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lost and some that were even suppressed. There are problems rooted in this path and,
with rapid industrialization, some of these problems have reached a critical level - so
much so that, ironically, the very lifestyle that this energy path promised to improve
is now threatened by the path itself.

Oil, natural gas, coal and uranium are being quickly depleted. Current scientific
estimates suggest that the remaining reserves of oil, natural gas and uranium will be
exhausted within the next 50 years, and coal within 250 years.* These resources took
millions of years to accumulate. We are depleting fossil fuels at a rate 100,000 times
faster than they are being replenished, thereby making them nonrenewable.’

More urgent is the concern that the crisis is hitting gasoline stations and national
defence policies long before the world runs out of oil. We can go on arguing over
the exact number of years before the world runs out of oil, and it may not run out of
oil completely. But for individual consumers or for economies as a whole, the news
is just as bad if they cannot afford it any longer. US oil production already peaked
in 1970 and has been declining since. Global oil production is estimated to peak by
2010, triggering an energy crisis causing more price hikes and political tension than
we have ever experienced.® As the supply of a needed product decreases, the demand
increases — unless there is a commensurate decrease in demand or an alternative to
the needed product. Its that simple. The skyrocketing oil prices and their worldwide
effects, from collapsing economies to wars over control of oil, are symptoms of this
crisis. The era of ‘cheap oil” has ended. Period. A drop in gasoline prices during an
economic downturn or recession makes very little difference. When income drops
— due to a lack of pay increases, pay cuts, unemployment — on a massive scale, even
the lower gasoline price is no longer cheap for most customers. The long-term trends
continue unaffected: downward oil production and upward fuel costs. Stop-gap
measures such as the discovery of additional reserves, efficiency and innovation in
extraction, and substitution of one nonrenewable fuel for another, at best amount to
choosing one disaster over another and keeping the wolf away from the door for a bit
longer. We can only go so far while running on empty.

War is not an answer. It’s naive to explain any war by a single motive or cause. But
it’s even more naive to avoid the root cause. History abounds with wars over control
of natural resources — land, minerals, water, oil. Nothing better explains the Middle
East quagmire than our dependency on, and ever-growing hunger for, oil.” The
region with two of the largest oil reserves in the world — Saudi Arabia and Iraq — has
turned into a bloody battlefield that continues to escalate. About 5,000 US soldiers
and an estimated 1 million Iragis — including innocent civilians — who were killed
in the Iraq War are still only a partial toll of the long-term death and destruction
caused by the war. When it comes to civilian killing — common to most wars and
the warring mentality — any sense of equity and moral threshold seems to have been
among the war’s first casualties. However it may be justified or politicized, that path
of occupation, exploitation, retaliation and destruction will lead us to nowhere but a
dead end with more human, environmental and economic costs on all sides.

Buct let us assume there was an unlimited supply of the conventional fuel resources
and nobody needed to go to war over oil. There would still be questions to answer.
The entire chain of exploration, extraction, production, utilization and waste disposal
is infested with critical, costly and out-of-control health and environmental hazards.



xviii THE RENEWABLE REVOLUTION

These cause the pollution of air, water, rain and soil — in short, of our ecosphere. We
get so accustomed to these consequences that they no longer make news, even if the
conditions continue to worsen. Air becomes so polluted that we need to wear a mask;
water becomes so contaminated that we cannot go for a swim or fish in a pond or a
lake; rain turns so acidic that it destroys vegetation; and soil becomes so contaminated
that food grown in it threatens health. Occasional reports or a media blitz sounding a
sudden alarm tend to quickly succumb to the desensitizing category of ‘old news’. In
December 2008 the US news media reported that toxic coal sludge — later estimated
to be around a billion gallons — had just spilled over hundreds of acres of land and
waterways surrounding the Kingston Fossil Plant of the Tennessee Valley Authority.
Further investigation revealed that ‘millions of tons of toxic coal ash is piling up in
power plant ponds in 32 states, a situation the government has long recognized as a
risk to humans and the environment but has done nothing about’.® In January 2009,
the New York Times reported that river pollution from contaminated water from the
Alberta oil sand projects in Canada — poised to become the ‘new Saudi Arabia’ — was
causing serious environmental hazards. Susan Casey-Lefkowitz, a senior attorney
with the Natural Resources Defense Council in Washington, DC, called it ‘one of
the most destructive projects on earth’.” As we keep entrenching ourselves in the
nonrenewable path through conventional and novel means, these and other toxic
consequences continue to worsen around the world and their occasional exposures
are mere symptoms of a dam of worldwide catastrophes waiting to be broken.

The most talked about consequence of relying on nonrenewables is global
warming and its effects on climate change, resulting from carbon dioxide (CO,),
nitrogen oxide and other gaseous emissions from the use of fossil fuels. Global
warming to a degree is a natural process which, in fact, is necessary to create
and maincain a thermal blanket or an atmospheric shield that keeps the planet’s
temperature suitable for life. The process is also referred to as the ‘Greenhouse
Effect’ for its similarity to the way a greenhouse nurtures plants by trapping heat
inside its boundaries. However, incontrovertible scientific evidence has established
that accelerated emissions due to human activities since the Industrial Revolution
are causing global warming,'® acid rain'' and various kinds of pollution to become
environmental threats with critical impacts on the planet’s climate and its species.
The findings by the world’s leading scientists, such as the 130 members of the United
Nations (UN) Intergovernmental Panel on Climate Change (IPCC), are no longer
refutable by debate. Rajendra K. Pachauri, chairman of the IPCC, warned world
leaders at the climate summit meeting at the UN on 22 September 2009: ‘Science
leaves us no space for inaction now.” What is urgently needed is widespread public
education of the findings, challenging political manipulation and denial by vested
interests in the conventional energy paths. How much more evidence do we need
beyond the growing number of intensifying heatwaves, droughts, melting ice caps
and glaciers, rising sea levels, downpours, floods, cold snaps and storms? Even
before the catastrophic oil spill in the US Gulf Coast started in April 2010 — spilling
millions of gallons to date, Hurricanes Katrina, Gustav, Hanna and lke caused
massive human, environmental and economic devastations in the region; there are
more frequent and intense cyclones, typhoons and tornadoes around the world; and
drought conditions from California to Australia are destroying food production and
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fuelling uncontrollable fires. All these things are telling us something about what we
have got into by following the nonrenewable energy path. Even worse, they tell us
the direction in which we are headed. The catastrophic scenario depicted by the 2004
blockbuster movie 7he Day Afier Tomorrow, however dramatized and fast-forwarded,
could be more than mere fiction. Al Gore’s An Inconvenient Truth speaks loudly
while a California-sized area of ice melts in Antarctica and in the Himalayas the
glaciers melt at an accelerated rate. A truth can be inconvenient, but courageously
confronting it could be the only turning point away from its consequences.

Nuclear power is often promoted as a solution to climate change. But the
promoters carefully avoid mentioning the devastating economic, environmental
and political consequences associated with it. To name a few: exclusive and highly
secure land requirement, the intensive use of fossil fuels for nuclear power generation
(contributing to climate change), radioactive contamination during uranium mining,
tilling, processing and power production, massive water usage and contamination,
risk of accidents, nuclear waste storage, transportation risks, underground disposal,
leakage, potentially devastating impacts of earthquakes and other seismic movements
on underground repositories, decommissioning, terrorist attacks on nuclear power
plants, nuclear weapons proliferation and out-of-control costs. '

The catastrophic consequences of climate change are telling us what we have
gotten ourselves into by abusing the atmosphere above ground. With deep geological
repositories for nuclear waste we are driving ourselves into an unpredictable and
dangerous future by abusing what lies underground.

Since the construction of the first civilian nuclear power plant (Obninsk, with
an electrical capacity of 5 megawatts [MW]) near Moscow, Russia, in 1954, there
are now 400 nuclear power plants around the world, generating approximately 17
per cent of the world’s electricity. While the number of nuclear power plants has
increased by 400 per cent, the solution to permanent and safe storage of nuclear
waste — which has grown exponentially — has progressed 0 per cent, compounded
by all the other associated problems. The waste remains radioactive for millions of
years. However it is packaged or bottled, temporary storage of nuclear waste for
a few decades or even for a hundred years — in pools, by dumping it in the ocean
or by sticking it underground — or passing it on to economically and politically
vulnerable communities or nations, are not solutions. When questioned, the nuclear
proponents are quick to reply — as they have been doing for years — that scientists are
working on a solution. It is like making a toast with a poisoned drink and trying to
reassure everyone that chemists are in the lab trying to invent an antidote, although
there is no surety that they will ever find one.

Digging for more oil or gas, or excavating another coal or uranium or thorium
mine, or building a nuclear ‘breeder’ reactor, all at an ever greater cost and ever
greater risk, are not solutions. Even after the short-term life of a nuclear power plant
is over, its radioactive legacy lasts for millions of years and costs billions of dollars.
Even if the Gulf Coast oil spill can be stopped, its destructive consequences will
continue indefinitely, costing billions of dollars, never truly recovering what has been
lost.

The solution requires us to be awakened to the simple truth — and the holistic,
perennial wisdom — that the essential condition of sustainability lies in our ability to
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live harmoniously within the limits and renewability of our natural resources. The
age of unlimited, exploitative and imbalanced industrial growth at any cost is over.
And the truth should invoke within us an urgent need for a transition — from an
obsolete, destructive and unsustainable nonrenewable energy path to a sustainable
path of innovation, renewable energy and peace.

Is such a transition possible? The answer is yes, but only under certain
conditions. Such a transition is possible only through a worldwide moratorium on
further entrenchment into the fossil-nuclear path while, through conservation and
efficiency, utilizing these resources only as transitional fuels toward a sustainable
renewable energy path. Undoubtedly, the transition will face short-term challenges
and risks, but these pale in comparison to a suicidal entrenchment into the dead-end
nonrenewable energy path — and that path is inevitable if the risk is not taken. We
must set a clear goal and an uncompromising and sustained action-oriented policy
for transition. We cannot go on fuelling the nonrenewable path — especially funding
it at an astronomically higher rate than funding for the renewable path — and hope
that we will somehow be able to reverse the trend. Einstein’s saying that we cannot
prepare for war and peace at the same time has never been more applicable.

We need practical solutions. However, substituting renewable energy sources
for our current nonrenewable fossil fuel and nuclear sources is not as simple as
unplugging a toaster from a socket and plugging it into a sunbeam. The transition
will not take place without a profound reorganization of social and economic values:
it requires transforming our current simplistic conceptions of energy — ‘endless,
‘cheap’, ‘bountiful’, ‘harmless’ — into a more sophisticated understanding of the costs,
resources, consequences and legacies of our energy choices.

We need a transforming vision of energy in our world and tools to turn that vision
into action. We need widespread dissemination of information to understand the
worldwide energy dilemma, and to empower people with the tools to tap alternative
sources for their energy needs. We need to inspire and motivate people to advocate
judicious structuring of energy management in their communities. We need the best
expertise in both the nonrenewable and renewable energy paths to unite in a shared
vision of sustainability and to lead the transition. What is at stake is our common
future — and the common legacy we leave behind for our future generations. We need
dynamic plans and programmes of transition to a renewable energy path which are
simultaneously tested, strengthened and broadened in their scope through practice.

We need a global perspective. In our increasingly interdependent world, a global
perspective is necessary both to comprehend the crisis and find a sustainable solution.
Solutions must have global implications so that we do not devise a solution for one
place which causes a problem for another. The potential of biofuels does not have to
end-up in a ‘fuel vs. food’ dilemma. The need for transportation or industrial fuel
for a few people in one part of the world does not have to be met through massive
destruction of the rainforest elsewhere — destroying the biodiversity, ecological
balance and the livelihood of those who depend on it. The voracious appetite and
unbridled energy consumption by the industrially developed countries — the main
cause of climate change — have pushed developing countries and islands around the
world to the verge of obliteration under rising sea levels. Sustainability, progress and
advancement must be redefined by equity and justice, from a global perspective.



PREFACE XXi

The nature and scope of renewable energy technologies allow these concerns to be
addressed in unprecedented ways which are advantageous, both locally and globally.

We need to think holistically. It is futile to consider solutions with a
compartmentalized consciousness, and to think without actions. For our actions to
be truly effective, both in the present and over time, we will have to base them on
holistic thinking that sees the essential connection between fuel depletion, economic
recession, environmental destruction and war; and we will have to devise solutions
by considering their interconnectedness. Just as these problems are interconnected,
so are their solutions. Economic recession and growing unemployment may tend
to deter us from thinking afresh and investing in environmental solutions and
renewable energy technologies. But that is conventional thinking pursuing economic
dead ends. We have to realize that it is only through prioritizing such investments
that we will be able to create secure jobs and revitalize the economy. One of the
promises of a renewable energy economy is the mutual enhancement of socially and
environmentally responsible businesses and economic prosperity.

We will need to think holistically to bridge the conventional gap between
philosophy and technology, academics and practicality, development and
conservation, economic growth and environment, theory and practice, short-term
benefits and long-term solutions, and policy and implementation. Educators,
economists, environmentalists, scientists, technologists, business people, media,
policymakers and activists — each with much to contribute — will have to engage in a
dialogue to devise integrated solutions and actions.

In such actions lies hope. The revolutionary potential of renewable energy
technologies offers us myriad opportunities to act on.

The Sun sends an immense amount of energy to the Earth — freely — and it will
continue to do so for as long as the life of the Sun, estimated to be between 5 and
10 billion years. Only one hour of sunlight falling on the Earth’s surface contains
energy equivalent to what we use globally for an entire year."? The energy from the
Sun, or solar energy, is received through the renewable subsystems of light, heat,
wind, water movement and photosynthesis. In addition to direct or natural uses of
this energy, we need to technologically convert only a fraction of the solar energy
to meet the global energy need. The good news is that such technologies which
directly and indirectly capture, convert, store and distribute energy in a wide range of
usable forms and scales already exist. The extraordinary variety of renewable energy
technologies such as photovoltaics, wind turbines, hydroelectric generators, solar
water heaters, solar greenhouses, biogas plants and solar cookers are being applied
to a wide range of domestic, industrial and consumer products and purposes. They
demonstrate that these practical, ingenious, and economically, environmentally and
politically advantageous options are within our reach right now. Such demonstrations
can breed success, but only if we promote them. And the best way to promote them
is to use them. After all, nothing educates and inspires us more than something that
actually works. A range of other options and innovations is emerging on the horizon.
Hydrogen fuel cells, biofuels and geothermal options are gaining momentum and
maturing through necessary technical, economic, social and environmental scrutinies
and criteria for widespread applications. With innovations and breakthroughs, there
will be more. But there is a greater possibility for that to happen if we utilize to
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the fullest what we have at hand to expedite the transition and build a balanced
infrastructure that will facilitate future possibilities. We need to lay the transitional
path by utilizing the bricks we have at hand.

There is much to be said for the following hopeful developments. Since the shocks
of the energy crisis and the Three Mile Island nuclear power plant accident in the
1970s, words such as ‘alternative energy’, ‘solar’, ‘renewable energy’, ‘sustainability’,
‘environment’, ‘conservation’, ‘efficiency’, ‘carbon footprint’ and ‘green’ have found
their way into the public vocabulary and consciousness. Books, articles and reports
have been published. Conferences, forums and meetings are taking place more
frequently than before. Some exceptional legislative and educational developments
have taken place. There have been some breakthrough developments in renewable
energy technologies, applications and cost reduction. A renewable energy industry
was born and it is flourishing. Individuals, international organizations, schools,
colleges and universities, sports and recreational facilities, cultural institutions, private
industries, governments, non-governmental organizations (NGOs), the United
Nations, the World Bank — all of these have initiated a wide range of renewable
energy programmes and activities.

But that is not enough. Much more needs to be done, urgently, in every way
and everywhere possible to reverse the trend from a collapsing path to a sustainable
one. We still fall far short of that. In the face of a growing energy shortage from
nonrenewables and escalating energy need — estimated to nearly double by 2030 —
barely 7 per cent of the world’s energy is generated from renewable energy technologies.
Even with all the signs and excitement about going ‘green’ — encouraging first steps
— projections and policies for such generation by 2030 do not exceed 20 per cent.
The transition faces other barriers, as well: there are economically and politically
powerful vested interests that guard and reinforce our deep entrenchment in the
nonrenewable path, often behind a deceptive ‘greenwash’ of superficial corporate
social and environmental responsibility. The investments by these corporations in
renewables are a pittance compared to the amount they invest in nonrenewables,
while the propaganda for ‘clean coal” and ‘safe nuclear energy’ — each an oxymoron
— continues. While people everywhere worry about how to pay for their electricity,
heat their homes and water, and drive to work in the face of skyrocketing fuel prices,
Big Oil and other energy corporations reap record profits. And they run amok —
armed by taxpayers’ money and lives — across the globe, under the ocean, and to
Antarctica which has been made accessible due to melting ice, to squeeze the Earth of
its last drop of oil, the last cubic foot of natural gas, the last pound of coal and the last
microgram of uranium. Imagine the risk of the human, economic, environmental
and political consequences of this scenario.

On the hopeful side, people around the world are becoming increasingly conscious
of the problems — environmental, economic, health, social, philosophical, political,
legal, ethical, moral and even spiritual — with dependence on nonrenewables. Al
Gore and the IPCC being awarded the 2007 Nobel Prize for Peace is a recognition of
the consensus of the global scientific community and the global public concern over
the climate-change crisis. It is an urgent call for action, as well. At the same time,
the costs of an increasing variety of renewable energy technologies are decreasing,
which motivates action. A growing number of incentives such as subsidies, tax
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benefits and financing options are being offered. Individuals and communities
around the world are tapping into these opportunities and acting on solutions. Even
countries as a whole, such as Germany, Denmark, Iceland and Cuba, by combining
national policies and practical actions are setting into motion an up to 100 per cent
transition to the renewable energy path within the foreseeable future. Japan, the
largest producer of photovoltaic electricity in the world, has launched ‘Solar City’
programmes, fully subsidized by the government, to expedite the transicion. The
Vatican has installed a 2400-module system covering the roof of its main auditorium
and is planning a larger solar plant which will feed the surplus energy it generates
into the Italian national grid. Abu Dhabi, capital of the United Arab Emirates, built
on oil riches, is taking major steps to harness the even more abundant and free
renewable resources, sun and wind, to assure a sustainable and prosperous future. It
has begun constructing Masdar, a carbon-neutral city mainly relying on renewable
energy. The Maldives, an island nation in the Indian Ocean, conscious of its future
at risk due to global warming, has announced a plan to become the world’s first
carbon-neutral country by generating all its electricity with photovoltaics and wind
turbines. These are inspiring examples for the world to follow. In the US, Al Gore
has announced bold proposals to combat climate change and free the US from its
dependency on foreign oil by making a major transition to renewable energy sources
within ten years. President Barack Obama, in his inaugural address, promised to
‘harness the sun and the winds and the soil’, and announced in his later speeches,
“To spark the creation of a clean energy economy, we will double the production of
alternative energy in the next three years.' To succeed, these proposals and promises
will require fundamental policy changes geared for action and massive public
education and participation.

Therefore, there is reason to be hopeful from educating ourselves about the crisis
which affects us all and the extraordinary variety of choices which would enable
us to act on solutions. Just as our role as energy consumers is universal — however
varied that role is — so are our capacities and powers to be more fully responsible and
effective choosers and advocates along sustainable paths. We need to nurture such
capacities and maximize the variety of choices for translating them into action.

The Renewable Revolution is an invitation to action. It charts a transition
from an obsolete, destructive and unsustainable nonrenewable energy path to a
renewable energy path of innovation, revitalization, abundance and peace. From a
holistic perspective — interweaving technology, economics, science, environment,
philosophy, history, spirituality and politics — this book illustrates how we got into
an energy crisis and how we can get out of it. This book is educational and practical,
brief and comprehensive. It is to be both read and used. Written for a large and
crossover readership, this solutions-oriented book should appeal to students, teachers,
activists, academics, experts, general readers, socially conscious businesspeople and
policymakers — both nationally and internationally. It is a book to unite the crossover
readership in a shared vision and diverse actions.

Threaded by the continuum of education to action interwoven in subsequent
chapters, in a readable and demystifying way, the book explains the immense
potential of the Sun’s energy to meet the global energy need; describes renewable
energy technologies, such as photovoltaics, wind turbines, hydroelectric generators,
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solar thermal systems, solar greenhouses, biogas plants and solar cookers, which are
available right now and which have the potential to revolutionize the global economy;
reports on the current state of development of emerging technologies including
fuel cells, biofuels and geothermal systems; show, in words and pictures, exciting
examples of renewable energy technologies from a village home in Bangladesh to
a skyscraper in New York City; through incisive analysis, debunks the myth and
propaganda that renewable energy technologies are too costly and demonstrates
instead that one of the real advantages of renewable energy technologies lies with
their costs; depicts how, in a variety of ways, individuals, communities, utilities,
businesses, educational and cultural institutions, and governments are overcoming
barriers and turning the vision of sustainability and peace into action, inspiring more
solutions; and finally, puts forth an unprecedented and hopeful Policy-Programme-
Practice (PPP) continuum, with both global and local implications.

H. G. Wells put it well: ‘Human history becomes more and more a race between
education and catastrophe.” Time is of the essence and we all are in the race — and
every runnet, every step, every contribution counts. The amazingly diverse nature
and scope of renewable energy technologies offer us unprecedented opportunities
to enter and win the race. It is in our willingness to become more conscious of that
race and act upon that consciousness that lie the possibility and hope of turning the
direction of the race from catastrophe to sustainability and peace.
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The Sun: The Enduring Light

The sun, it shines everywhere. William Shakespeare!

Light, as the radiant energy of creation, started the ring-dance of atoms in a
diminutive sky, and also the dance of the stars in the vast, lonely theatre of
time and space. The planets came out of their bath of fire and basked in the
sun for ages. Rabindranath Tagore?

The Sun is our most ancient and sustainable source of energy. A star measur-
ing 1,390,000km across, it is more than a hundred times wider than the Earth.
Essentially a gigantic nuclear reactor, the Sun generates tremendous amounts of radi-
ant energy through fusion, which changes hydrogen to helium. From its safe location
of 150,000,000km from the Earth, the Sun has been sending energy freely to the
Earth day after day, season after season, year after year, for billions of years, sustain-
ing life on this planet. The Sun is the energy source that connects all life. It is the
elemental source of our unity, diversity and sustainability.’ The Sun is the source of
the solar system of which we all are a part.

About two-billionths of the Sun’s total energy reaches the Earth. That is a tiny
percentage of the Sun’s total energy, but for the Earth it is an immense amount. It
has been estimated that the solar energy that falls annually on the Earth’s land surface
alone is more than a thousand times the amount of energy now being consumed
annually by the entire global economy.* According to another estimate: ‘In around
one hour the amount of sun that hits the face of the Earth is what we use in an entire
year, globally, for our energy.”

The good news about the awesome power of the Sun is getting around, beyond
the academic research labs and into the industrial sectors engaged in innovating
and marketing technologies fuelled by this abundant energy source. Sharp, one
of the world’s leading manufacturers of photovoltaic modules, took a full-page
advertisement in 77me magazine (15 December 2008) showing a glowing picture of
the Sun and a field of photovoltaic arrays, along with the words, “With the sunlight
that hits the Earth in one hour, we could power the world for a year.”
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Solon AG, the German solar module manufacturer, contracted the ad agency
Jung von Matt to come up with a way to explain this fact so people can actually see it!
The result, ‘Hail: The Return of the Sun,’ is a two-minute film that is unlike anything
that one would see in a conventional presentation of scientific data. It begins in a city
with a casually dressed man in his thirties sicting down at a typical European open-air
cafe table. Just after his drink is served, a battery, about an AA size, plops into the
glass from above. Puzzled, he looks up and sees it is just the start of batteries — and
more batteries — coming down like hail over the entire landscape. The camera travels
from landscapes of North America to Africa to Europe to the Arctic while batteries
are showering like hailstorms all over the world. Small batteries and large car batteries
keep thundering down to Earth. Windows shatter, cars collide, trucks explode, an
igloo collapses, a double-decker bus like the ones in London gets turned over, and
people in a frenzy flee for shelter. The sounds are as realistic as they can get. Then the
havoc subsides and on a flat dark screen the information appears: ‘970 trillion kW
hours of solar energy hit the earth every day.” Pause. ‘Good we can’t see it.” Pause.
‘Bad we don’t use it.” The Sun returns, the landscape brightens, people come out on
to the streets looking utterly perplexed, and the camera turns towards a huge field
covered with rows and rows of solar photovoltaic panels.®

Not all of the energy falling on the Earth can be converted to usable energy, but
what makes the scope so promising is that only a fraction of the total energy received
needs to be converted to usable energy to satisfy global energy needs. Conversion can
be achieved by tapping into the sources through which the energy is channelled, such
as light, heat, wind, water movement and photosynthesis. These renewable energy
sources supply energy daily, seasonally and annually, replenishing themselves over
and over. And the supply of energy is guaranteed for a period as long as the life of
the Sun!

However, there is one important factor — even a caution — which requires our
attention in order to be able to count on the guaranteed supply of sunshine. It is
called ‘global dimming’, meaning the solar radiation, or the sun’s energy, reaching
the Earth’s surface has been diminishing gradually over time. The sunlight is losing
its brightness. This phenomenon was first coined as ‘global dimming’ by Dr Gerry
Stanhill, an English scientist working in Isracl. In a paper published in 2001,
comparing the record of sunlight during the 1950s through the 1980s, Stanhill found
that, while the rate varied by location, worldwide the sunlight was diminishing at the
rate of 4 per cent by the time it reached the Earth’s surface.” His findings confirmed
what other scientists have found both before and since.

The potential effect of global dimming would be devastating — for land, water,
rainfall and air, including all the life forms who depend on them. Fortunately,
scientists have also been able to identify its main cause: pollution due to the burning
of coal, oil and wood. Hopeful news is that the attempts to cut down on pollution
have reversed the dimming trend and brightened the Earth’s surface by about 4 per
cent worldwide during the 1990s. Cities across the world, from Los Angeles in the
US to Dhaka in Bangladesh, have shown a significant difference in the way their
air looks and smells after a period of stricter enforcement of emission standards for
automobiles, even though the number of automobiles increased during the same
period. Imagine how much more could be achieved simply by reducing the number
of automobiles, as well.
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That is just what was done to reduce pollution in Beijing during the 2008 Summer
Olympics. The Olympics Committee voted to hold the Olympics in Beijing, but
raised some concerns over the city’s pollution level, especially how it could affect
the athletes. A plan of action followed. The Chinese State Environmental Protection
Agency restricted the use of private vehicles on the road by banning cars with
registrations ending in odd and even numbers on alternate days. The policy resulted
in the reduction of the number of cars by half, from the total of 3.2 million per day.
The anti-pollution plan also included other measures like reducing or shutting down
the operation of some highly polluting factories, promoting public transportation by
adding 2,000 buses and 3 new metro lines (with extended operating hours), planting
trees, and other ‘green’ measures including the use of renewable energy technologies.
If necessary, even more cars — up to 90 per cent — would be taken off the road during
the Olympic days. The dramatically increased visibility due to reduced pollution
was highly publicized to convince the world that the city’s air quality was suitable
for the athletes and the 91,000 visitors. The Olympic Committee was satisfied and
the parade began. Now, all these indeed add up to an Olympian feat, deserving our
applause!

The message, and warning, of this feat to the world is as significant as any
other messages that the Olympics convey. Beijing, a city that only a few years ago
invoked the image of clearly visible pedestrians, bikers and sporadic vehicles, had
vapourized behind a polluted screen of a car-infested landscape, with all its social,
health and environmental consequences. The warning: weigh all sides before rushing
into ‘Development’ and how to fuel it. The warning very much coincides with the
Olympics’ message of ‘Harmony’.

Fortunately, the anti-pollution sideshow seems not to have ended completely
with the Olympics. Impressed by the results, China has retained many of the anti-
pollution measures in their original or somewhat modified forms. It has passed a
rule to ban one in five cars permanently. In July 2009, China even instituted its
own version of the Obama administration’s ‘Cash for Clunkers’ programme, offering
rebates of $440 to $880 for trading in old high-pollution cars and trucks for new
more fuel-efficient vehicles. The policies are continuing to pay off. On 17 October
2009, the New York Times reported: ‘Beijings air is actually getting cleaner.”® Looking
ahead, China has also adopted a plan of becoming a leading producer of hybrid
and all-electric vehicles within three years and the world leader in electric cars and
buses after that.” If China can also make sure that the electricity for these purposes
is generated from renewable sources, and not from coal and other nonrenewables,
it will be another Olympian feat for the world to witness. China has the renewable
energy potential, a rapidly growing renewable energy programme, the technological
capability, the political infrastructure and capital to transition to a more sustainable
path. The greatest test will be its political will to execute its plan.

What all this adds up to is quite simple: if we want the sunlight to reach the
Earth and do us good, we have to stop blocking its path. If we treat the environment
responsibly, sunlight can continue to shine brightly and the guarantee of an abundant
supply of solar energy will remain in effect. And if we value sustainability, instead
of relying on the fossil fuel and nuclear sources which are estimated to be depleted
during our children’s lifetime or soon thereafter — compounded by the critical and
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worsening consequences of using them — we can choose to rely on the renewable
energy sources which will last at least for the duration of the life of the Sun. The
Earth has relied on the Sun for billions of years to sustain itself and its inhabitants,
and it can do so for billions of more years. Can we humans — one of the Earth’s
inhabitants with an awesome mastery of power over its destiny — regain that intrinsic
earthly wisdom?

The abundance of energy from renewable sources is a hopeful reminder that
the rapidly worsening global ‘energy crisis’ is not due to an energy shortage, per se.
Rather, the crisis is due to the nonrenewable energy path we have chosen. It is a crisis
of education, science, economics and politics. It is a moral and philosophical crisis,
as well — in the way we look at the Earth and its resources, and our ways of exploiting
them. To find a way out of the crisis, we will need to question these premises from a
holistic perspective.

Every place on Earth has an immense potential for meeting its energy needs by
relying on an appropriate combination of renewable energy sources. If a particular
place does not have enough sunlight, it probably has enough wind or hydro power
sources; if it does not have enough wind, it probably has enough sunlight, heat or
other sources, and so on. Every place has some combination of most, if not all, of
the renewable energy sources. And the essential condition of sustainability lies in
our ability to live harmoniously within both the limits and renewability of these
energy sources — for a nation or for the world community. The promise of renewable
energy lies in its diversity, in the amazing variety of natural and technological means
through which these energy sources can be utilized. The transition from the energy
crisis to a sustainable energy path requires us to expedite that utilization with the
utmost urgency. If we can muster the wisdom and the will to do that and act on i,
at the end of the tunnel the enduring light from the Sun awaits us — its revolutionary
potential practically untapped!
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Power to the People: Renewable
Energy Technologies — Now!

The means may be likened to a seed, the end to a tree; and there is just
the same inviolable connection between the means and the end, as there is
between the seed and the tree. Mahatma Gandhi'

The soft and the hard energy paths, and a myriad variations on their themes,
appear to be the only choices there are, and we must decide which we prefer.
Amory B. Lovins®

Imagine a complete power plant that’s small enough to electrify a rural home or
large enough to electrify an entire community. Imagine a power plant that not only
generates electricity for your home but, if connected to the power line, actually ‘turns
the meter backward’, making you not only a producer of electricity from your own
power plant, but also a seller of electricity to your utility. Imagine that the technolo-
gies that operate these power plants will never run out of fuel as long as the Sun is
shining, will not pollute or cause climate change, and will not require you to look
beyond your rooftop or backyard to set them up and plug them into their power
source — the Sun!

To most people that kind of imagining may sound like wishful thinking, but it is,
in fact, the welcome description of the revolutionary, hopeful and ingenious world of
renewable energy technologies — not in the future — but now!

Taken against the backdrop of today’s energy crisis — the deeply troubling
combination of growing fuel scarcity, skyrocketing prices, economic recession, global
warming, environmental destruction, collapsing centralized power plants and energy
wars — the renewable energy field is teeming with innovative possibilities. And the
extraordinary variety of technologies which are already available dispels the myth
that renewable energy technology is purely an exotic fantasy for the future. Many of
these economically, environmentally and politically advantageous options are within
our reach right now.
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Figure 2.1 From renewable energy sources to renewable energy technologies

A global survey of renewable energy projects and products provides a glimpse into
the widespread applicability of these technologies. Ranging from microwatt to mega-
watt scales, applications already range from space satellites to terrestrial applications
in lighting, heating, cooling, water pumping, food storage, medical refrigeration,
televisions, computers, calculators, toys, microwave transmitters, cooking, environ-
mental monitoring, aviation aids, traffic control systems, telecommunication, re-
mote sensing, marine navigation, printing, desalination, cathodic protection, dairy
machineries, boats, cars and other means of transportation, and a wide range of other
domestic, industrial and consumer products and purposes. Practically every country
in the world is implementing one or more types of renewable energy technologies.
What are these technologies? Here are some basic explanations. Beyond the
science and technology part, there are some interesting stories behind them, too. If
you are new to this field, that’s fine. These explanations are not expected to turn you
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into a renewable energy expert — but, then again, you may follow up and actually
become one! The purpose here, however, is more immediate and practical. It is to
generate enough understanding about these technologies and demystify them so you
can see that much of the revolutionary potential of renewable energy technologies for
a transition to the renewable energy path truly lies with people — with individuals,
groups, communities and so on, whether by installing their own renewable energy
systems or by putting informed pressure on the policymakers to produce and use
energy from renewable sources. It is a transition, in a very practical, participatory
and political sense, to the power of the people. With that understanding — and self-
empowerment — hopefully you will then be able to realistically assess how you can
contribute to the transition, and feel equipped and inspired to act!

Photovoltaics

Photovoltaic cells (PV) convert light directly into electricity. The cells are manu-
factured from semiconductor materials such as silicon, one of the most abundant
elements on Earth. Most commonly silicon is found as specks of sparkling materials
in sand. When sunlight falls on silicon, it generates electricity — naturally. Under
laboratory conditions, silicon is grown as cylindrical crystals, which are then thinly
sliced and finished to create solar cells. A PV panel is a sealed unit that contains
an interconnected series of solar cells and produces a rated voltage and current.
Typically, the panels produce between 12 and 18 of volts direct current (DC). If
necessary, the electricity can be inverted to a different voltage and alternating current
(AC). In addition to the single-crystal silicon type panels, there are also other types,
such as polycrystalline, thin film and amorphous silicon panels.

The electricity-generating capacity of a PV panel depends on six basic factors: the
intensity of sunlight, the duration of sunlight, the size of the panel, the efficiency of
the cells to convert light into electricity, the direction of the panel and the tilt angle
at which the panel is placed to face sunlight. A panel, or a set of panels, can be placed
on a fixed mount at an angle where it gets the maximum sunlight throughout the
day, or on a flexible mount adjusted seasonally to maximize the annual reception of
sunlight. It can be placed vertically on a wall, flatly on a roof, fixed on a pole, or on
a pole-mounted tracker that follows the path of the Sun throughout the day — like a
sunflower — to maximize the energy production.

It has been estimated that the sunlight at noon striking an area 112.5km long
by 112.5km wide, if converted to electricity through photovoltaics, would equal the
peak capacity of all the Earth’s power plants. A photovoltaic spread equivalent to only
1 per cent of the Sahara Desert would produce all the electricity consumed on the
planet.? But we do not need to build one centralized power plant of that size to meet
the global energy need. Rather, the revolutionary potential of photovoltaics can be
realized through a multitude of scales and designs. PV systems can be large, muldi-
megawatt, centralized power plants in different parts of the world — appropriately
located in fields and deserts.? And they can be small systems, installed on the roof or
the side wall or the yard, enough to meet just the energy needs of one single-family
home or even a portion of the home’s needs.
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Scientists are also exploring the feasibility of building ‘Solar Power Satellites
or, as Japan calls it, ‘Space Solar Power System’ (SSPS), each consisting of a large
photovoltaic power generator and transmission panel, which will collect energy in
space and zap it down to Earth, using laser beams or microwaves, to be collected by
gigantic parabolic antennae. There are scientific, technical, economic, environmental
and political issues still to be resolved.’ In the meantime, take this as another glimpse
of the enormous potential and the multitude of ways that PV can be utilized. We
just have to tap into it sensibly and responsibly. Fortunately, much of the potential is
already realizable — in ‘down-to-Earth’ ways!

In varying amounts, all regions around the world receive sunlight. And panels
can be installed on roofs and walls and yards that already exist, on rural homes or
urban skyscrapers, covering them fully or partially, as long as sunlight reaches them.
This makes photovoltaics a universally appealing and appropriate renewable energy
technology.

Modularity

A PV panel is also called a ‘module’ because of the flexibility it allows in sizing a sys-
tem. A complete PV system can be designed with just one module that is connected
to a load and an electricity storage unit, or with many modules. Modules range in
size and their rated capacities of power production. They can be under 10 watts for
charging small items like solar lamps and battery chargers, going up to 200 watts
or more for larger systems. They can be custom produced in size and shape accord-
ing to particular design criteria. The system can also be designed on a larger — even
megawatts — scale by adding more modules and other system components. A unit of
more than one interconnected modules is called a ‘solar array’.

Modularity allows a PV system to be designed to fit individual energy needs and
budgets. If energy needs increase, the system can be enlarged. Modularity is at the
heart of the basic simplicity and versatility of PV technology, and it has tremendous
implications for the cost-effective transfer, application and popularization of the
technology around the world.

Versatility

Photovoltaic systems can be designed as four primary types: stand-alone, hybrid,
grid-connected and utility-scale.

Stand-alone

A stand-alone PV system is a self-contained system with one or more modules, light
fixtures, a charge controller and a battery (or batteries). It can be stationary or port-
able, and it serves as an instant power plant where it is installed. Exact prices vary
according to where a system is bought, the choice of system components and the
volume of purchase. On average, a 50-watt system currently costs around $450;
the module alone costs around $300. One 50-watt module placed in the sun for
five hours will generate enough electricity to power a 250-watt incandescent light
bulb for five hours. Replacing the incandescent bulb with a fluorescent bulb or tube,
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which are more efficient, could nearly double the energy use. Light-emitting diode
(LED) lights, which are gaining popularity with solar system manufacturers and
users as their costs are coming down, can add even more hours to a system. If energy
needs and affordability increase, the system can be enlarged with minimal lead time.
Hundreds of thousands of 40-watt one-module systems — each of which can power
three 8-watt fluorescent tubes for about eight hours every night — have been installed
in rural homes, schools, clinics, shops and community centres around the world.
Where upfront payment of the full cost of the system is an obstacle, microcredit and
other financing options have facilitated the rapidly growing popularity of PV usage.

Figure 2.2 Stand-alone photovoltaic (PV) system

The photovoltaic module converts sunlight directly into electricity. Electricity flows through
a charge controller (C) into a battery (12V) to be stored and then distributed for lighting
and other purposes. One 50-watt module will produce about 250 watt-hrs/day of electric-
ity with the daily availability of 5 hour-peak sunlyearly average. Larger systems can be
designed with additional modules and other components. A PV system can be stand-alone
(as above), hybrid (combining PV and non-PV, such as a wind turbine), grid-connected
(connected to the utility grid which provides both the storage and back-up power), and
utility-scale (large central power plants connected to the grid).
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Hybrid

A hybrid PV system combines photovoltaic technology with a non-PV backup or
supplemental power source to complete the system. Together, the two types of tech-
nology share the load of supplying the required energy. The backup could be another
renewable energy technology, such as a wind turbine or a hydroelectric generator, or
it could be a conventional generator fuelled by gasoline, diesel or propane technol-
ogy. Systems that combine PV technology with conventional generators are called
‘PV/Genset hybrid systems’.

Grid-connected

A grid-connected PV system feeds the power generated by the PV system into the
utility grid, which provides both the storage and backup power for the system. The
system requires an inverter to match the PV-generated DC power and frequency
to the AC power and frequency of the utility grid. The system can have its own
emergency backup power stored in a battery bank in case of a power outage in the
utility grid. The electric meter tracks the amount of power the PV system feeds into
the udility grid. This type of system is also called a ‘grid-tied’ or ‘udlity-interactive
hybrid’ system.

The modules can be installed on the roof, wall or a space adjacent to the building
for which it will generate electricity. They can also be installed as part of the building
materials, such as roof tiles, slates, shingles or a ‘PV skin’ on the wall, in which the
modules replace the usual building materials. In these cases, the system is called
a ‘building-integrated system’. An advanced generation of PV comes in the form
of durable and transparent glazed glass, allowing light to pass through, with the
appearance of a skylight, glass wall or window glass. These building-integrated
options not only make the technology least obtrusive to the building design, but
also add a combined aesthetic-utility dimension to it. PV is revolutionizing building
technology and architecture.

The current cost for grid-connected systems ranges from $7 to $9 per watt
installed, before any subsidies, rebates, tax breaks or other financial incentives are
taken into account. The price range reflects differences in the place and volume of
purchase. The cost has been coming down over the years. With growing demand,
mass production and a more efficient manufacturing process, the downward trend is
likely to continue. Grid-connected systems with PV roof tiles or shingles cost more,
about $12 per watt, but they save money by eliminating the cost of conventional
roofing materials. One of the revolutionary advantages of all the grid-connected
systems is that the owner of any such system is not only a customer of the utility
but also a seller of power to the utility, according to the amount of power produced
by the system. Once the system is connected, the payback begins instantly. This is
sometimes referred to as ‘turning the meter backward’.

An average three-bedroom American home will require a 5-kilowatt system to
meet its electricity needs. At around $8 per watt, installed, a system of this size carries
a price tag of $40,000. If this figure looks intimidating or uninviting, understanding
that this is a one-time payment for electricity for many years might make it more
palatable. With free fuel being supplied by the Sun, the cost curve of this system
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Figure 2.3 Grid-connected photovoltaic system

The photovoltaic module (PV) converts sunlight directly into electricity. Electricity flows
through an inverter (I) that changes DC power and frequency generated by PV to AC
power and frequency of the grid electricity. Meter (M) keeps account of the electricity being
drawn from the grid or fed into the grid from PV. The utility grid functions both as the
storage and back-up power. Larger systems can be designed with additional modules and
other components.

decreases over time. Compare that to the cost of electricity from nonrenewable sources
in the future, particularly if the currently skyrocketing energy prices and growing fuel
scarcity are any indication. Subsidies, rebates, tax breaks and other incentives, and
more affordable payment plans offered by the federal and state governments, utility
companies, environmental organizations, foundations and banks also serve to offset
initial costs and can underwrite up to 50 per cent of the system cost, upfront and
over time. Sellers of solar systems usually include this information in their marketing
packages and bids. They also handle the paperwork related to obtaining the upfront
subsidies, simplifying the transaction for the customer who may otherwise find the
process unfamiliar, if not intimidating.

The modular advantage of the technology allows for a system to be sized to the
customer’s current budget. For example, the installation of a 2-kilowatt system,
instead of the full 5-kilowatt system. Systems can be installed to meet partial
electricity consumption needs, regardless of whether the demands are from a stand-
alone home or a multi-unit building, such as a condominium or a co-op. Systems can
also be designed to power the common area of the building.
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Utility-scale

A utility-scale PV system is a large central power plant that is connected to the utility
grid. In this type of system, a large array, or a set of arrays, feeds power directly into
the utility grid, which then distributes power through conventional power lines to
its consumers. Gaining popularity, this arrangement has been well-tested over the
years. An early example, the utility-scale Carissa Plains plant in California — the larg-
est of this type at the time — was spread over dozens of acres of land. It was built by
ARCO Solar Corporation in 1984 to generate 6.5 megawatts of electricity to feed
the grid owned and operated by the Pacific Gas & Electric Company.® The experi-
mental plant, generating enough electricity for 2300 homes, is now dismantled, but
provided much valuable data for system types and material development that are
benefiting other utility-scale systems elsewhere.

The new millennium dawned with the surging of construction of large utility-
scale PV power plants. Two of these are located in Germany. The Bavaria Solar Park,
a 10-megawatt plant in Miihlhausen, Bavaria, with three solar plants adding up to
its total capacity and with a PV surface area of 62 acres, generates enough electricity
to power 9000 homes. Operating since 2004, it was built by the Berkeley-based
PowerLight Corporation (a wholly owned subsidiary of SunPower Corporation)
in collaboration with the German government.” The second one, the Pocking
Solar Park in the Lower Bavarian town of Pocking, with a peak performance of
10 megawatts, became the largest one-piece photovoltaic power plant in the world.
Costing 125 million euros, with construction and assembly starting in August 2005
and inaugurated on 27 April 2006, the Pocking Solar Park is a result of a joint effort
by Martin Bucher Projektentwicklungen (Stuttgart), Shell Solar GmbH (Munich)
and CommerzLeasing und Immobilien AG (Disseldorf), with the proud support of
the people of Pocking. An inspiring transformational feature of this solar park, with
modules covering 19 acres, is that it is built — after extensive tests and surveys — on a
former 79-acre military training ground which also serves as the rearing ground for
600 ewes and 200 lambs, which graze the green pasture under and around the PV
arrays!® That, I think, expresses well a universal meaning of the biblical saying that
‘you shall beat your swords into ploughshares and your spears into pruning hooks’.

An 11-megawatt utility-scale photovoltaic power plant began construction in
May 2006 and was completed in a year in Serpa, 124 miles southeast of Lisbon,
Portugal. The 60-acre photovoltaic surface area has 52,000 modules mounted
on PowerLights solar tracker system which follows the sun throughout the day,
generating more electricity than conventional fixed-mount systems. The principal
project partners are Cataveno, a leading Portuguese renewable energy company,
PowerLight Corporation and GE Energy Financial Services, which will own and
finance the facility in a $75 million transaction. The southern-facing hillside under
the plant will remain productive farmland, generate enough electricity to power
8000 homes and farms, and will reduce greenhouse gas emissions by more than
30,000 tons a year.’

The period of 2007-9 literally saw an explosion of utility-scale PV power plants
coming on line. To date, there are at least 1000 large (peak power > IMWp) utility-
scale PV power plants in the world. The plants are mainly concentrated in Spain, the
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lead country, and Germany, with others located in South Korea, Thailand, China,
Japan, Czech Republic, United Arab Emirates, Portugal, Italy, Switzerland, France,
Belgium, Canada and the U.S. The top 50 power plants range between 11.45MW to
60MW.! The trend continues. Even larger plants are in the works.

Reliability

Photovoltaic technology is exceptionally well-tested and has been in existence for
more than half a century. The technology has its origins in the early research and
development of the US space programme. The research came about to solve an acute
problem: satellites needed a highly reliable, lightweight, durable energy device that
could also be fuelled locally. Photovoltaic technology proved to be an ideal solution.
Vanguard 1, a satellite powered by a 108-cell PV system, was launched into orbit by
the United States on 17 March 1958. The results exceeded expectations. Not only
did the system perform reliably, it also outlasted the satellite itself! Since then the
technology has continued to undergo breakthrough improvements in cell efficiency,
scale of production, manufacturing process and cost-effectiveness, making it increas-
ingly viable for widespread terrestrial applications.

Seasonal variations can make a significant difference in electricity generation from
a particular system. The generation during winter can be down by as much as one-
third to one-half of the summer production when sunlight hours are greater. That is
an important consideration in sizing a stand-alone system, with no grid back-up. So
the choice is to design a system large enough to reliably supply enough electricity to
meet the demand year-round, or a smaller system that can supply plenty of electricity
during the summer but will require the user to be more conservative in electricity
usage during the winter. Ultimately, it is up to the user to decide about the size of
the system, taking the seasonal variations for generating electricity and its usage into
consideration. And if one can and does choose to invest in a system that is large
enough to match the winter demands, therefore having an energy surplus during the
summer, well, it may just be what the user needed to run some power tools to finish
a project that has been lying dormant during the winter! The point is that a stand-
alone PV system can be designed in consideration of the effect of seasonal variations
on electricity generation. By designing it with an adequate module size and storage
capacity, it can deliver a reliable amount of electricity year-round.

Durability

A PV module undergoes rigorous testing for its durability against every conceivable
type of weather — sunlight, rain, wind, hailstorms, temperature fluctuations, snow
— before it is released to the market. Field tests have proved that modules reliably gen-
erate electricity for 40 years or more without a significant loss of efficiency. Current
modules are available with a warranty of up to 25 years, up from the average war-
ranty period of 10 years only a decade ago. With field test results and the continually
improving manufacturing process, it is likely that future modules will be available
with longer life warranties and an even longer actual life.
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Photovoltaic modules contain no moving parts, which is one of the best safeguards
against malfunctions or breakdowns. And the basic simplicity and user-friendliness
inherent in a PV system contribute significantly to its proper maintenance, and
thereby also its durability. Battery monitoring and maintenance can be learned easily.
The maintenance need for the module itself is minimal: wiping with a wet cloth
every few months does it. And, of course, Mother Nature can be credited with doing
a lot of the cleaning — for free — every time it rains!

Durability must come from the whole system, not just from some of its
components. Fortunately, components other than the PV module, such as the charge
controller and battery (for a stand-alone system) and the inverter (for stand-alone
and grid-connected systems), have gone through some breakthrough improvements
over the years. The charge controller used to be the most trouble-plagued component
not too long ago. But this is not so any more. A growing variety of charge controllers
available today are more durable, efficient, compact and cheaper than their
predecessors.

Batteries have come a long way, too. A growing variety of maintenance free,
sealed, deep cycle, less toxic, long-lasting and cost-effective batteries are available.
To attain durability, environmental safety and economy, encouraging the use of
such batteries must be a priority. Used batteries must be disposed of safely. Some
communities conduct ‘Household Hazardous Waste Collection Days’. Some battery
manufacturers offer environmentally responsible battery disposal programmes.
The American Automobile Association (AAA), a 50-million member not-for profit
automobile lobby group, service organization and seller of vehicle insurance, offers
battery recycling options to its members. Some sellers of PV systems are beginning to
take such initiatives. It is highly commendable that in 2004 Rahimafrooz Batteries,
the largest seller of batteries for cars and solar systems in Bangladesh, became one
of the first such businesses in the world to institute a recycling programme for used
batteries. The programme even includes free pick-up and part of the proceedings
from the recycling are used for environmental welfare.

As the use of stand-alone PV systems spreads, battery recycling must become
an industry-wide regulation, as an integral part of battery sale and disposal. Solar-
powered fuel hydrogen cells are on the horizon, which will add a revolutionary
dimension to battery technology in terms of its increased capacity for energy storage
and environmental advantages.

The combination of its modularity, versatility, reliability and durability — fuelled
by free and abundant energy — makes photovoltaics a technology whose future is
as bright as sunlight! The news is getting around, from the remotest parts of the
world to the urban metropolis. It shows in the dramatically rising demand for PV in
recent years. By 2009, the cumulative global PV installations reached over 15,000
megawatts. Doubling every two years since 2002, it is the fastest growing energy
technology in the world.
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Wind turbines

Wind is the movement of air caused by the Sun’s uneven heating of the Earth’s land
and ocean surfaces. This uneven heating causes the air over the warm surface to
expand and rise, and then to move to let the heavier colder air take its place, causing
wind. Throughout the centuries, and throughout the world, this natural, renewable
power source has been tapped to perform many tasks. Wind has powered sailing ships
and boats, and turned windmills to pump water, grind corn and chalk, crush seeds
and saw wood. To this day, especially in the Far East, many boats carrying people or
cargoes continue to sail down rivers at an unhurried pace, silently and gracefully. In
the West, sail boating and sail fishing are enduring popular sports, powered by wind.
Windmills, used as early as 1300 years ago in Persia, can still be seen in many parts
of the world today. One of the largest concentrations of windmills today exists in The
Netherlands, where about a thousand wooden windmills scattered throughout the
countryside stand witness to a tradition of building windmills in Europe that began
about 800 years ago. There is also the legacy of Cervantes: Don Quixote charging
the windmill — a witness to its time and a timeless treasure in our literary heritage.
Following World War I, some farmers in the U.S. came up with a novel use of
army surplus aircraft propellers by connecting them to simple electric generators
— and the widespread generation of electricity with windmills, or ‘wind turbines’,
began.!! Between 1928 and 1960, the American classic Jacobs’ wind turbine, named
after its inventor, Marcellus Jacobs of Minnesota, popularized the technology in
the U.S. and in some other countries. Unfortunately, the rapid expansion of the
centralized power lines of the ‘cheap fuel era’ not only brought a virtual end to the
further development of wind turbines, it actually displaced them. The Jacobs became
history — except for a few mavericks like the Texan farmer Joseph Spinhirne, who
purchased his Jacobs for under $100 in 1947 and kept using it past the ‘cheap fuel
era with a clear sense of conviction and foresight that its time was to come.'
Especially since the oil shock of the 1970s, the generation of electricity by wind
turbines has been experiencing a ‘second wind’. Even through the 1980s — a decade
which saw declining public support for alternative energy issues and sustainable
energy policies — wind-turbine technology continued to develop into more efficient,
reliable and cost-effective products. The US, especially California, and several
European countries, notably Denmark, Germany and Spain, are to be credited
for this resurgence. In California, between 1980-90, the number of wind turbines
rose from about 150 to over 18,000, generating almost 2 billion kilowatt-hours of
electricity, equivalent to 3 million barrels of oil and enough electricity for 300,000
homes." By 1988, the turbines installed in Altamont, Tehachapi and San Gorgonio
passes were generating 1.827 billion kilowatt-hours of electricity, equivalent to about
1 per cent of California’s demand and as much electricity as San Francisco consumes
in a year.'* In Denmark, more than 6000 wind turbines provide 20 per cent of the
country’s total electricity consumption.”
Wind turbines come in a wide range of sizes and capacities. A small 250-watt
model can power a cabin or a small rural home. At the other end of the spectrum,
with turbines of many in-between capacities, some manufacturers are working on
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wind turbines with capacities over 5 megawatts each. Since acquiring Enron’s wind
power division, GE has already introduced 3.2 and 3.6 megawatt models. One 3.6
megawatt turbine has the capacity to power about 1500 homes.

Wind turbines can be installed as stand-alone, hybrid, grid-connected or utility-
scale systems. A series of wind turbines can be installed as a ‘wind farm’ to create a
utility-scale power generating system, such as the one at Altamont Pass in California.

Five main concerns with the first generation of wind turbines have been the
frequency of breakdowns due to moving parts; the range of wind speed within
which a wind turbine can operate; noise; land requirement; and aesthetics. The
current generation of wind turbines demonstrates vast improvements over previous
models. They contain fewer moving parts, are made of more durable materials and
are installed with an expectation of reliable operation for 30 years or more. The
operating range has broadened from around 24-97kmh to 10—193kmh wind speed.
Wind does not blow at the optimum speed all the time, but a low cut-in speed helps
generating electricity by wind blowing much of the time. A taller pole on the ground,
or even a small pole mounted on a tall building, can add significantly to the amount
of electricity generation. Design improvements make them more efficient and less
noisy. In fact, one line of wind turbines has been named “Whisper’!

Land requirement can be a concern with wind farms, which should be properly
sited. Uninhabited sections of coastal belts, islands, deserts and mountains are ideal
sites. Land use for wind farms does not need to be exclusive. Because the turbines rest
well above ground level, much of the land in a wind farm is usable for other purposes.
A wind farm can be integrated with an agricultural farm. This has been done in the
US, Germany, the UK, The Netherlands and India, setting examples of growing food
and generating electricity — which also means additional income — simultaneously!
The trend is growing, globally, for both large and small farms.

Concerns have also been raised about the effects of wind turbines on birds.
Especially if they are installed blocking the birds’ flight routes, birds can be injured
or even killed. However, smog and oil spills are also lethal to birds, so wind turbines
should not be singled out as anti-wildlife. No other organization is in a better
position to speak on this than the National Audubon Society, with its mission to
‘conserve and restore ecosystems, focusing on birds and other wildlife for the benefit
of humanity’. The mission encompasses its advocacy for renewable energy, as well. It
therefore supports wind turbine projects through close attention to the concern for
their impact on birds. The concern has also contributed to installing wind turbines
with ample space between, preserving safe flight routes for birds. Siting and designing
a wind farm, therefore, must go hand in hand.

Innovative ideas for siting wind turbines continue to emerge. Wind turbines
can be interwoven in cities and semi-urban landscapes with ample wind. Adjacent
tall buildings in cities and semi-urban landscapes often create wind tunnels between
them. The World Trade Center of Bahrain, a kingdom on the Persian Gulf, sets an
example. The 50-floor, 240-metre high, twin-tower complex has installed three wind
turbines on each of the bridges connecting the buildings. Inaugurated in April 2008,
the three turbines of 225 kilowatt capacity each are expected to provide up to 15 per
cent of the towers’ electricity consumption. In the US, “Windy City’ Chicago, and
other cities with tall buildings and wind, take notice!
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In Bangladesh, on the roof of a cyclone shelter in the coastal region of Pekua, a
small 300-watt stand-alone wind turbine system was installed in 1998 to generate
electricity for some of the rooms of the shelter. The project was part of the ‘Solar
Energy Program for Sustainable Development of BRAC, an NGO originally known
by the fuller dtle Bangladesh Rural Advancement Committee, which buile and
maintains the shelter. The cement-built four-floor structure has very few windows to
prevent sea waves from breaking into the building in case of a cyclone. But that also
prevents light from entering the building. The wind turbine — installed with a 3m
metal pole on the shelter’s windy roof — became an ideal way to provide electricity to
meet some of the lighting needs of the shelter, not only during cyclone seasons, but
also year round in this generally windy region, enhancing the shelter’s use for various
other purposes.

In Boston, Logan International Airport became the first commercial airport to
generate electricity with wind turbines. In July 2008, 20 udility-connected wind
turbines were installed onto the parapet of the Logan Office Center. Architecturally
designed and installed by California-based AeroVironment, Inc., each with a rated
capacity of 1 kilowatt, the turbines are expected to generate about 100,000 kilowatt
hours of electricity annually, equal to about 2 to 3 per cent of the building’s energy
needs. The $140,000 project is expected to save between $12,000 and $15,000
annually on Logan’s energy bill. That is an attractive ten-year payback period,
especially because the turbines can be expected to keep generating electricity with
free fuel for a warranted period of 20 years or more.'®

Offshore siting of wind turbines is another major option. Thanks especially to the
leadership of the United Kingdom, Denmark and Germany, this option is gaining
popularity around the world. According to the European Wind Energy Association,
in 2009 the total capacity of offshore wind power plants in Europe has reached
2056MW. Eight new power plants came into operation in 2009. An additional
1000MW of offshore wind energy is projected for 2010."

The first offshore wind farm in the US is slated to be built on Horseshoe Shoal in
Nantucket Sound, five miles off the Cape Cod shore in Massachusetts. Cape Wind
Associates and its managing partner Energy Management Inc. (EMI) plan to put the
project into operation. It will consist of 130 wind turbines, 3.6MW each, spaced
about one-third of a mile apart and connected by undersea cables, expected to be
completed in 2012. The ‘wind park’, as the project owners call it, will not only be
nearly invisible on all but the clearest days and will have little effect on fishermen and
recreational users, but it may also be a tourist attraction as well.

The Cape Wind turbines will generate around 450MW of electricity, enough
to power more than half a million homes. The project has undergone extensive
environmental, geological, meteorological and engineering studies. Its approval rate
has gone up significantly in polls conducted nationally and an increasing number of
organizations are supporting it, including the Massachusetts Audubon Society. But
it is not without opposition. The main objection comes from some Cape residents
who object to it on the grounds that it interferes with the ocean view. Politics, too,
seems to play a role here.

So, there are also the aesthetic and political concerns to address. How one judges
an open landscape or ocean view interrupted by a single wind turbine or an entire
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wind farm is relative to the eyes and values of the beholder. And the judgement
can rest at either extreme end of a scale. It is not the first time that such concerns
have been raised, and it will not be the last. On that ground alone, the objections
to the Cape Wind project should not come as a surprise. But, guided by a fair and
equitable policy, the projected savings of $800 million over 20 years, the creation
of jobs, revenue from tourism and the elimination of 4624 tons of sulphur dioxide,
120 tons of carbon monoxide, 1566 tons of nitrous oxides, more than half a million
tons of greenhouse gases and 448 tons of particulates from being dumped into the
air — topped by energy independence through an unlimited and free renewable
energy source — certainly could, and should, be reasons to sway the wind toward a
favourable direction.'®

Innovations in the design of turbine themselves are adding a whole other look
to the technology. Vertical axis wind turbines — in contrast to the conventional
horizontal turbines with sword-like blades — are gaining popularity. These can have a
look of a vertically placed barrel or a cone with openings in the body which catches
wind from all directions while rotating on a base or on top of a pole; a drum cut
in halves, joined in the middle, vertically placed, facing in opposite directions and
rotating; two seashell-like wings placed and operating the same way as the drum;
and with bow-shaped blades with one end attached to the top and the other to
the bottom of the pole, which rotates with wind from any direction, powering the
turbine.

The idea of the vertical axis turbine is not new. Way back in the 1970s, threatened
by the Arab oil embargo which prompted the ‘alternative energy movement’, some
of these designs were conceived and highly promising experimental models were
installed in the U.S. Unfortunately, while the wind turbine industry in Europe
continued to experience a more favourable climate, in the US, as with the movement
itself, soon the politics of nonrenewables had the upper hand, support for innovation
declined and the potential of vertical axis turbines got shelved. Fortunately, steeped
in that history and building on that foundation, vertical axis turbines are making a
come back.

One of the most exciting examples is the Greenpower Utility System (GUS) line
of vertical axis wind turbines. This is available in a range of sizes. Designed with a
twin spiral and vertical blades, it has a sculptural appearance. Its other attractive
features are that: it is highly efficient — producing up to 50 per cent more electricity
on an annual basis versus conventional turbines with the same area; it has a high
operating range with low cut-in speed — generating electricity in winds as low as
6.5kmh (1.5m/s) and continuing to generate power in wind speeds up to 210kmh
(60m/s), depending on the model; it is highly durable — withstanding extreme
weather such as frost, ice, sand, humidity and wind conditions greater than 210kmh
(60m/s) (it has been tested on the snow-covered top of Mt Washington!); it is safe —
with a compact body spanning a small diameter area, it is less prone to block birds’
or other flying animals’ passage; and it is practically soundless. What is also especially
attractive about GUS is that, in contrast to the usual steel grey exterior of most
wind turbines, the manufacturer will decorate it with custom colours and graphics
embedded onto the blades. That, I think is a brilliant way to add a little colour to
your wind!"?
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In areas with consistently sufficient wind, wind turbines are proving to be the least
expensive and most appropriate electricity-generating technology. The technology is
growing at a record-setting rate. According to the Global Wind Energy Council,
wortldwide the installed wind capacity in 2008 had reached 94,123MW, averaging
an annual growth rate of almost 30 per cent over the previous ten years.?* In 1995,
it was less than 5000MW. The top five countries leading the trend are Germany, the
US, Spain, India and China. Other countries, including the Netherlands, Belgium,
Portugal, Finland, Italy, Greece, Brazil, the UK and Ireland, are expanding their wind
energy programmes.’!

The answer — at least a good part of it — ‘is blowing in the wind’!

Hydroelectric systems

Falling water turns a turbine to generate electricity. This simple principle gave rise to
the massive development and implementation of hydroelectric technology, making
it the source of 20 per cent of the world’s total electricity today. Still, its full potential
remains untapped. However, hydroelectric technology has some cautionary lessons
to teach even when it comes to using renewable energy. It is a special reminder why
we must assess each technology — renewable or nonrenewable — holistically to decide
which ones to utilize, and how and to what extent we do this.

Most hydroelectricity is generated by constructing a dam across rivers or lakes.
For years, the major trend has been the bigger the better, the largest one being a
10-gigawatt hydroelectric dam in Venezuela, completed in 1986. An even larger
system of 12-gigawatts size is under construction in Brazil.”* The world’s largest
hydroelectric dam is under construction in China. Yet, a lesson to be learned here is
that large hydroelectric dams cause serious ecological damage. Some of the damages
have been summarized by Michael Brower as follows:

Depending on the location, reservoirs created by large dams inundate for-
ests, farmland, wildlife habirats, and scenic areas. In addition, dams cause
radical changes in river ecosystems. Sediments bearing nutrients accumulate
in reservoirs instead of being carried downstream, and changes in river-flow
rate, temperature, and oxygen content alter the balance of plant and fish life.
Reservoir evaporation increases salt and mineral content, a serious problem ...
Dams also block fish migration and destroy spawning grounds, resulting in
losses for commercial fisheries and sport fishing.”

Furthermore, John Naar has noted, ‘In tropical regions reservoirs act as breeding
grounds for carriers of malaria, schistosomiasis, and river blindness.”* Hydroelectricity
generation is also vulnerable to drought, as dramatized by the crisis faced by Egypt’s
Aswan High Dam® and the dams in Brazil

Worldwide, large hydroelectric dams have forced massive displacements
and irreparable damages to people — often politically marginalized indigenous
communities. Such damages have also been caused, and continue to be caused, by
other large and centralized nonrenewable power plants fuelled by coal, oil, natural
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gas and uranium. All too often indigenous people’s desperate outcries get washed
aside by the lopsided march of ‘development), insatiable hunger for energy, and lure
of profits for the few and powerful. It is against such destructive consequences that
opposition to the Hydro-Quebec in Canada, the Kinzua Dam on the upper Allegheny
River in Pennsylvania, the Mahaveli Dam in Sri Lanka, the Narmada Dam project of
a series of large hydroelectric dams on the Narmada River in India, the Kaptai Dam
project on Karnaphuli River in the Chittagong Hill Tracts area in Bangladesh, the
proposed Tipaimukh Dam project in Manipur State of India, and other large-scale
hydroelectric dams has surfaced. Victimization — amounting to cultural genocide
— still continues, while only a few protesting voices, such as the people-centred
‘Narmada Bachao’ (Save Narmada) movement, are succeeding in internationalizing
this critical issue and bringing it to the world’s attention.”” Through joint opposition
from environmentalists, geologists, grassroots organizations and other activists
both in India and Bangladesh, the proposed Tipaimukh Dam is beginning to
draw international attention. Large hydroelectric dams used to be considered one
of the cheapest ways to generate power. Assessing them holistically and counting
the externalities, they have now been proven to be disastrous — environmentally,
culturally, economically and, not least, morally.

A concern is also growing over possible connections between large hydroelectric
dams and earthquakes. On the one hand, earthquakes can break a dam, and on the
other, by exerting enormous pressure on the earth’s surface, large dams can also cause
earthquakes, both with catastrophic consequences. Scientists of varied disciplines are
beginning to investigate these connections. With aging large dams, more dams in
the pipeline and a growing number of earthquakes around the world, their findings
must be taken seriously.*®

The battle against large-scale hydroelectric dams is still a battle against the
tide. Fortunately, however, the opposition is growing and there is also a growing
trend towards smaller, ecologically balanced, hydroelectric systems. Categories have
evolved, such as ‘medium’ (10—-100MW), ‘small’ (100KW-10MW) and even smaller
‘microhydros’ (also called ‘minihydros’).

An example of a microhydro is ‘Lil Otto’, which is 19cm round (excluding nozzle
holder), 33cm high and weighs less than 4.5kg. It is made by Lil Otto Hydroworks
in Hornbook, California. Placed in a stream or a spring, under optimal conditions, it
has the capacity to generate electricity up to a maximum of Samp/hr (120amp/day).
It operates 24 hrs a day, no Sundays off, and the sun don’t gotta shine!” It is a stand-
alone system which, if needed, can easily be connected to another power source — PV
or wind-turbine — to operate as part of a hybrid system.”

Artificial streams can also be used to generate electricity. In Coral World, a marine
park located on the east end of St Thomas, US Virgin Islands, a microhydro taps the
wastewater outfall from the marine display tanks to turn a turbine generacor.*

Another innovative example is called the “Tyson Turbine’, named after its
developer, the Australian farmer Warren Tyson. This turbine can both generate
electricity and pump water powered by the energy of flowing water. It comes in
13 models to match the power need, budget and power source — which could be
a stream, lake, creek, canal, river or any such source with the needed depth and
speed of water flow. The Tyson Turbine does not require the use of dedicated civil
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structures to harness the energy of flowing water, which significantly accounts for
the economy, portability and versatility of the system. At a site well-suited for its
operation, compared to PV, the Tyson Turbine has been proven to be six times
cheaper for electricity generation.”

So, it is possible to have a range of ecologically balanced hydroelectric systems. In
China nearly 90,000 small hydros have been powering the country’s rural industries.*
India has given the technology a priority in its national renewable energy programme
and already installed small hydros with a total capacity of 1341MW.% In the New
England region of the US there were once many small hydros playing a vital role
in the region’s economy. During the fossil-fooled ‘cheap fuel erd most of them were
abandoned or they simply perished. Around the world, through careful reassessment
and innovation, it is time to tap into the big potential of ecologically balanced
hydros, including the smallest ones.

Solar collectors for hot water

In the most remote parts of the world one may be struck by the techniques with
which people collect hot water. In rural Bangladesh I have seen large black clay con-
tainers filled with water and put out in the sun to work as hot water collectors. The
same containers, when placed in shade, work as coolers. A rather simple and ingen-
ious technological invention! It seems that there has always been a need for hot water
and, in one form or another, there has always been a solar collector. Black-painted
tin drums, too, have been used in the same way. So, there have been variations and
there have been improvements.

In the US during the 1890s, Clarence M. Kemp, a Baltimore inventor and
manufacturer, introduced his ‘Climax Solar-Water Heater’. Combining the old
principle of exposing bare metal tanks to the sun with the scientific principle of
the hot box, it represented a breakthrough improvement for its increased ability
to collect and retain heat. Known as the nation’s first commercial solar heater, the
Climax was available in eight sizes, from the most popular and smallest, a 32-gallon
heater measuring 1.4m long, Im wide and 0.3m deep, and sold for $25, to the
largest, a 700-gallon heater, sold for $380. In each model, four cylindrical tanks
made of heavy galvanized iron painted in dull black were placed next to each other
inside a pine box insulated with felt paper and covered with a sheet of glass. The box
was installed facing south on a sloped roof or placed on brackets at an angle to a wall,
so the tanks lay horizontally one above the other. The tanks were filled with water,
which was heated by the sun.*

In the US the use of solar hot water systems flourished, with a range of design
and brand variations, until the industry became another casualty of the ‘cheap fuel
era. In fact, households received special incentives to replace their solar hot water
systems with fossil-fuel powered systems. The trend continued until the 1970s oil
crisis. Then, supported by government tax rebates and other subsidies, the industry
was revived. Even Sears sold solar hot water systems or provided a service warranty
for systems installed through its subcontractors. Unfortunately, it was only a short-
term boom, dissipating largely due to the propagandized ‘end’ of the energy crisis and



22 THE RENEWABLE REVOLUTION

the real end of government subsidies during the 1980s. This was an ‘anti-renewable
energy era during which the solar hot water panels put up on the White House
roof during the Carter administration were unceremoniously taken down during
the succeeding Reagan administration. Sears stopped selling hot water systems.
Fortunately, however, catalogues like Real Goods™ Alternative Energy Sourcebook
picked up where Sears left off. The catalogue has always been more than a listing of
renewable energy products. Put out by some visionary activists, like John Schaeffer,
it is a true activist’s handbook which has grown in size, circulation and stature, and
come to be known around the world by its current title, Solar Living Sourcebook.”

As the need for hot water has grown over the years, so have its costs and the
percentage it consumes of the household energy budget. American households
spend up to 25 per cent of their energy budget on heating water. Worldwide
domestic, commercial and industrial needs continue to grow just as the need to
find cost-advantageous alternatives to fossil-fuel powered options increases. In some
industrially developing countries, wood burning is a means to heat water for small-
scale industrial purposes, but the scarcity and cost of firewood continue to go up.

Modern solar hot water systems offer a variety of options and versatility in their
uses. Built upon the long history of well-tested principles of the first generation of
scientifically designed collectors, such as the Climax, they are more eflicient than
their predecessors. The two basic elements of a system are a solar collector and
thermal storage. These can be integrated, as in a ‘batch’ heater — a water tank painted
black and enclosed in a glazed, insulated box, and placed in the sun to heat the
water inside the tank in one batch. Or, the elements can be placed apart from each
other. Water can be circulated between the collector and storage utilizing passive or
active systems. The passive system is a ‘thermosyphon’ system in which the water
tank is installed above the collectors. Thermosiphoning is the natural movement of
liquid (or air) as it is heated or cooled. Water inside the pipes running through the
collector is heated, which then rises through piping to the tank to be displaced by
cold water sinking to the collector — the lowest point in the circulatory system — to
rise again after being heated. It is called ‘passive’ because it does not use any moving
parts such as pumps, fans or other mechanical controls to distribute collected heat
— as in an active system. The batch heater is one type of a passive system. One of
the breakthrough developments in the technology is the blending of passive and
active elements without the use of any pumps or controls. ‘Copper Cricket’ systems
represent this development. They operate on a ‘geyser pump’ principle. Boiling
methyl alcohol forces water up through the solar collector located as high as 36 feet
above the tank and into circulation, similar to a coffee percolator.

Home-built batch heaters can cost as little as $300, depending on local material
costs. A passive system adequate for a family of three people may cost around $1000.
An active system adequate for about five may cost between $2000 and $4000. As long
as the sun is shining, the system will operate; the percentage of the hot water needs
being met, the ‘pay back’ rate, etc., depend on the system size, costs and climate.
However, with free fuel costs and the 20-year or more life of an average system, solar
collectors are proving to be increasingly attractive investments.

One of the advantages of having a technology around for many years is that
it allows us to assess its worth based on actual use and results, not just lab tests
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and projections. Here is an example. Even in the New England climate — usually
considered not so favourable for sunlight — a Sears Solar Hot Water System with a
100-gallon tank, bought for under $2300 full price 25 years ago, has been saving at
least $250 annually for the Noce family living in a Boston neighbourhood. Not only
has the system paid off the out-of-pocket expense for the family, which was about
$500 after federal and state rebates, the full price of the system has been paid off. The
system provides up to 100 per cent of the household’s hot water needs during July
and August, down to 25 per cent during November and December, for the family of
four and guests.

The trend for improvements and innovation continues. Two things are clear: one,
the need for hot water for domestic, commercial and industrial purposes — around
the world — is growing; two, solar collectors — with a variety of designs and scales —
are ready to play an increasingly vital role in the transition to the renewable energy
path by satisfying that need.

Solar greenhouses

Worldwide there is a need to grow more food and we need to grow it safely. In
fact, it is only by growing it safely — in the long-run — that we can grow more food.
This is one of the most crucial lessons from recent practices in modern agriculture.
In its quest for food abundance, resource-intensive agriculture, based on chemical
pesticides and fertilizers, sprinkler irrigation, heavy machinery and monoculture, is
actually proving to be its own antithesis. Beyond a few short-term benefits, such
agricultural practices have been proven to be causes of — not solutions to — decreasing
food production; inequities; nutritional, health and economic crises; and poison-
ing of the water, air and land. In order to grow more food safely and share it more
equitably, we also need to learn how to grow food locally and self-reliantly. And we
need to grow food in cold climates that normally interfere with agricultural food
production.®®

Solar greenhouses offer an ingenious and cost-effective option for growing
plentiful and healthy food even during seasons which, literally, freeze agriculture.
It is like extending the growing season, or adding a new growing season, to the
annual calendar. Inside well-insulated, south-facing structures trapping heat from
the sunlight, solar greenhouses transform that particular spot of land in the midst of
a frozen, snow-covered landscape into a thriving, varied, lush, tropical growing field!

One of the most inspiring examples of such a greenhouse is Solviva Winter
Garden on Martha’s Vineyard, an island off the coast of Massachusetts. Designed
and run by Anna Edey, the energy self-sufficient 372m? solar greenhouse (which
uses PV to power fans and lights) has grown a variety of organic food commercially
and successfully since 1983. It has been productive throughout the year — during the
coldest New England winters of well below 0°F, as well as the hottest summers. The
many features of this ecosystem include design; glazing system; management of warm-
blooded animals, such as chickens and angora rabbits, providing warmth, carbon
dioxide, fertilizer, eggs, meat and angora fleece for high quality yarn; solar heating
systems; harmonious insect management; multdlevel growing; and composting.
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Solviva has provided the understanding of how a greenhouse can operate naturally,
non-violently and harmoniously with the Earth’s biological processes — day after day,
year after year. Lately Anna has taken that knowledge and skill to build smaller,
home-scale solar greenhouses.?”

Another example is the Badgersett Research Farm Greenhouse located in the
extreme southeast of Minnesota, where summers are short and hot and winters are
long and very cold. Badgersett is a family business, developed by former university
researchers Philip and Mary Rutter and their sons, Brandon and Perry. The Rutters
planted their first trees in the 1970s and, with that success, began large plantings in
1981. By the spring of 1993 they had about 6000 chestnuts and about 5000 hazels.
The Ructters had grown more than 20,000 plants in the greenhouse that year, with
even higher expectations for the future. The semi-earth-sheltered greenhouse was co-
designed with Roald Gundersen, who also worked on Biosphere 2 in Arizona. The
PV and wind turbine systems for the greenhouse were developed by Real Goods of
Ukiah, California.

Solar greenhouses can also be built as an extension of an existing house or
building. The basic principle and structure are the same — a south-facing enclosed
space with glazing to collect heat from the Sun. But the designs, sizes, uses and names
vary: sunspaces, sun-rooms, atriums. Whether used as an extension of living space,
or a flower, fruit or vegetable garden — or even a fish farm — a solar greenhouse can
perform the dual function of a multipurpose physical space and a solar collector to
heat a house.

Solar Cookers

The kitchen was situated in a beautiful vegetable garden. Every creeper, every
tomato plant was isself an ornament. I found neither smoke, nor any chimney
either, in the kitchen — it was clean and bright; the windows were decorated
with flower garlands. There was no sign of coal or fire.

‘How do you cook?’ I asked.

‘With solar heat,” she said, at the same time showing me the pipe, through
which passed the concentrated sunlight and heat. And she cooked something
then and there to show me the process.

The quotation is from ‘Sultana’s Dreamy’, a short story by Begum Rokeya (1880-
1932), a pioneer of women’s education and gender equality, writer and social reform-
et, who was born in Pairabond in Rangpur (now in Bangladesh) and died in Calcutta
(now Kolkata, India). The story, originally published in English in the ndian Ladies
Magazine, Madras, India, 1905, is one of the earliest, if not the earliest, documented
expressions of the scientific imagination behind solar cookers. The same story, a
pungent satire on male-dominated society, which antedated by a decade the much
better known feminist utopian novel, Herland, by Charlotte Perkins Gilman, is also
a masterpiece of ecological and renewable energy literature that envisioned natural
conservation, environmental protection and — get this — scientific advancements that
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included the use of solar electricity, solar heat collectors, rainwater harvesting and
hydrogen-powered vehicles!™

In terms of the practical use of sunlight for cooking, quite possibly the first
cooked food was solar-cooked. Before our primitive ancestors learned how to build a
fire, chances are that they were already cooking with the Sun — ‘curing’ or ‘baking’ or
‘sun drying’. In that sense, behind the modern-day solar cookers we have a principle
of applying direct sunlight to cooking that has been tested and perfected scientifically
and technologically ever since one or more of our ancestors hit upon the idea of
serving warm or dried fish, fruit, vegetables or meat!*

However, because of our reliance on wood, dung, natural gas, oil, coal and
electricity, cooking fuel shortages now are among the most critical and worsening
problems in many parts of the world. And for sure — unless some fundamental
changes are made — sooner or later all of us will face the problem, no matter what
part of the world we live in. The taken-for-granted era of turning on the stove fuelled
by gas being piped in from miles away is showing a downward curve.

Fortunately, solar cookers in a variety of types and designs are proving to be
a promising solution to cooking — simply by sitting in the sun! Therefore, this
technology also has the potential to play an increasingly significant role in solving
other associated problems such as deforestation and pollution. A solar cooker can
also serve many other purposes, such as pasteurizing water and milk; disinfecting
medical equipment, bandages and septic wastes; preserving and drying food; and
dyeing wool and cotton yarn. By understanding how a cooker works, it can be used
for many additional purposes. Each type and design has its own set of advantages
and disadvantages. Combining the use of different types would be one way to get
the best of each.

One of the simplest solar cookers is called the ‘Quicky CooKit', promoted by
Solar Cookers International (SCI), Sacramento, a nonprofit organization based in
Sacramento, CA. It can be built by following these simple, quick steps:

1 Cut a large (approx. 60cm square x 23cm high) top-open cardboard box
diagonally so each half has two walls and a triangular bottom;

2 Tape a 23cm-wide extra strip of cardboard to the cut edge of the bottom;

3 Cover the inside of the half-box, including the strip, with aluminium foil. One
box, therefore, makes two cookers;

4 DPut food in a pot with a lid (black metal pots absorb and retain heat better than
most other kinds of pots);

5 Place the pot on a pot stand made of wires, twigs, stones, etc. so the heated air
can circulate under the pot, and put it inside a reusable high-temperature clear
plastic bag to hold air all around and under the pot, closing the bag with a twister
or string;

6 Place the pot on the bottom panel of the half-box facing the Sun. Left in the
sunlight, accumulated heat — which can reach higher than the water boiling
temperature of 210°F or 100°C — will be trapped inside the plastic bag, heating
up the pot and slow cooking the food! The high-temperature plastic bag can
be replaced by a clear glass bowl. Put the glass bowl over the pot like a dome,
making sure that the bowl sits firmly on the base so there is no heat leak.
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Another type is the ‘solar box cooker. Basically it is an insulated box trapping the
heat from the sunlight entering through a transparent top cover. It can be built with a
range of alternative materials, such as a cardboard box, wood, metal, brick, Plexiglass,
etc. for the main body, and a regular window glass sheet for the transparent top cover.
The inside of the box and the reflector over the glass opening of the box can be lined
with a shiny material such as aluminium paint, aluminium sheet, aluminium foil or
tin sheet to direct the sunlight onto the pot. If preferred, the inside of the box can
be painted black, without causing a significant difference in temperature. As much
as possible, use non-toxic materials. Crumpled newspapers, rice husks or coconut
fibres can be used for insulation. The box can be sized to accommodate several pots,
therefore cooking several dishes at the same time. On a good sunny and warm day,
sitting south-facing, the temperature inside a solar box cooker can go as high as
350°F — well above the boiling temperature of 210°F and capable of cooking a wide
variety of dishes. It is also called a ‘Solar Oven’ or a ‘Hot Box'.

Solar cookers cook food nutritionally and, with some types, without the need
for anyone to attend to them. They really do the cooking for you! Left inside the
solar box cooker, the food will stay warm for several hours after the Sun has set.
Solar Cookers International (SCI) is devoted to promoting simple, effective and
inexpensive solar cookers around the world (see Additional Resources for additional
information on SCI).

There is also the ‘Concentrator’ type cooker. In the shape of a parabolic dish or an
umbrella, its shiny interior facing the Sun reflects the heat as a concentrated beam to
a particular spot where the cooking pot is hung. It requires more cautious handling
and adjusting to the moving Sun. One of the advantages of this type over the box-
type cooker is that it can be an almost instant high-temperature heat source — as high
as 600°E, pretty much like lighting a match. A concentrator type solar cooker can be
made of aluminium or other metals, or with a wooden frame with a shiny interior
lining. Sizes can vary, from home to institutional scale. Costs will vary accordingly.
Some concentrators have been designed so they can be folded like an umbrella for
portability and storage. Beth and Dan Halacy of Lakewood, Colorado, have owned
one for over 20 years and call it ‘Umbroiler’.*!

Beyond the initial purchase or material costs, a solar cooker will cook for free
— with sunlight as its fuel. How well it cooks depends on the type of cooker and
on the duration, angle and quality of sunlight. As long as there is sunlight, there
will be some warming effect. However, the outdoor temperature, the seasonal angle
of the Sun and geographical location are all important variables. In New England,
the period between mid-spring and mid-fall is the best season for solar cooking —
although it has been possible to bake bread in a very well-insulated solar box cooker
on a sunny day during the snow-covered winter month of December. In Armenia,
treats of pre-dried fish have been prepared in a solar box cooker during the middle
of winter! In some parts of the world, solar cookers are usable almost year-round.
This flexibility is especially useful in the dry regions with scarcity of wood and other
cooking fuels.

Most solar cookers need direct sunlight to cook, therefore, they cannot be used all
the time. Whether on a daily or seasonal basis, developing the habit of solar cooking
when sunlight is available can be a challenging one. The habit can be as simple as
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putting out the cooker in the sun before going to work and bringing it in when you
get home. Still, requiring a change in the habit of cooking on a conventional indoor
stove is a challenge. But by educating ourselves about the importance of solar cookers
and using them as much as possible we can cut down on using up nonrenewables and
save them for the times when sunlight is not available. Also, whenever and wherever
possible, the use of solar cookers requiring direct sunlight can be combined with
other renewable energy technologies for cooking, such as cookers fuelled by biogas
and electric stoves powered by electricity generated through renewable sources. That
is a growing and innovative option.

Revolutionary breakthroughs are heating up solar cookers too, day or night! The
Tulsi-Hybrid Solar Cooking Oven cooks no matter what the weather is. Developed
in India, priced between $250 and $300, it was introduced in the US through various
outlets in 2006. Designed on the principle of a solar box cooker, with the attractive
look of a Samsonite suitcase, in direct sunlight it generates temperatures up to 400°F.
When there is no sun or at night, it can be plugged into a standard 120VAC outlet
to cook using 75 per cent less energy than a conventional oven.*

Tulsi — and I am sure more of its kin will follow — can be made 100 per cent
renewable-energy powered if the electricity comes from a renewable source. In a
home with a utility-connected renewable energy system already inverted to 120VAC
current, it will require no adjustment. To cook from a stand-alone system with proper
capacity powered by a renewable source, usually 12VDC, the heating element can
be replaced to match the source. Or, as we do with our Tulsi and a stand-alone PV
system installed on a south-facing window sill of our fifth-floor apartment in Boston,
an inverter can be used to invert the 12VDC power generated by the PV system to
match the 120VAC of the oven. Rain or shine, day or night, around the year, dinner
will be ready — and solar cooked too!

Biogas plants

As plants and animal wastes undergo bacterial decomposition in the absence of oxy-
gen, called the ‘anaerobic condition’, they produce methane, an odoutrless, coloutless,
flammable gas. In the presence of oxygen, the ‘acrobic conditior’, they produce com-
post. This naturally occurring process, as old as the cycle of life itself, is the science
behind the renewable energy technology called the ‘methane generators’, ‘biodigest-
ers’, or ‘biogas plants’. All kinds of animal and human wastes — such as cow dung,
chicken droppings and human excrement, vegetable wastes and agricultural residues
can be used to generate biogas. The system design and scale can be flexible to meet
the needs and resources of a family, a group of families or an entire community. Also,
different construction materials can be used.

The largest number of biogas plants is in China. More than 5.5 million
household-scale plants are in use in the country.® In southwest China’s Guangxi
Zhuang Autonomous Region, more than 700,000 biogas plants have been installed
— one in every ten farmhouses.* China has also constructed some industrial-scale
biogas plants.

The second largest user is India. More than 3.1 million biogas plants are used in
Indian villages.” In other developing countries, especially due to a growing scarcity



28 THE RENEWABLE REVOLUTION

and rising costs of fuel wood, kerosene and natural gas, biogas plants are gaining
popularity. Among such countries are Nepal, Indonesia, Bangladesh, Sri Lanka,
Thailand, Vietnam, the Philippines, Cambodia, Colombia, Morocco, Ethiopia,
Benin, Burundi and Tanzania.

It takes three cows worth of cow dung, or equivalent fuel, to generate enough
biogas for a family of four. That limits the option of ownership of a plant to a few
relatively well-off families. In such situations, co-operative ownership of larger plants
for several families can be an answer. However, the technology is becoming more
efficient. There is some indication that the wastes needed to generate the same amount
of biogas can be reduced significantly in the future, as much as by one-third, which
will make the technology significantly more attractive and affordable. Actually, Dr
Anand Karve of the Appropriate Rural Technology Institute (ARTT) in Pune, India,
has developed a compact biogas plant which can generate enough cooking gas for
all the meals of a nuclear family from a daily supply of only 2kg of vegetable scraps.
Also, it is designed so that the drum-like biogas plant can be placed either on the
ground or a roof — a revolutionary boon to urban dwellers of multi-storey buildings.
Especially since receiving the prestigious Ashden Award for Sustainable Energy in
2006, the ARTT biogas plant is drawing significant international attention.*

Material and labour costs can vary but, generally, biogas plants are highly cost-
effective. In Bangladesh, a family-size biogas plant made from locally available
materials like bricks, cement and plastic pipes and valves, with an expected 30-year
life and no planned obsolescence, costs between Taka 12,500-15,000 ($250-300).
At the rate of Taka 300 per month, which is about what a rural family spends on
firewood per month, the cost is recoverable within four years. Microcredit stretches
the total amount and the length of recovery, but it also enables a family to own a
plant without needing to pay the full price upfront and pay off the loan from the
money saved from firewood expense. A government subsidy of Taka 5000 per plant
has made it more affordable for families.

Every technology has its own set of challenges and limitations, but the benefits
of biogas outweigh its costs by far. In addition to fuel for cooking, biogas plants
provide byproducts such as very high quality organic fertilizer and fish feed. They
preserve topsoil, improve soil quality, and save trees and plants from being cut down
for firewood. They recycle wastes which would otherwise cause pollution and other
health hazards. Biogas can also power gas lamps and generators to produce electricity
and heat.

Furthermore, not only are biogas plants a most promising technology for
agricultural settings around the world, they also have the revolutionary potential
for reviving a sustainable agricultural lifestyle where such a lifestyle has been lost
or threatened. Thus, this technology may become an important technology of the
future, not only for developing countries, but also for developed countries. Chemical
agriculture, fuelled by nonrenewable energy, is turning land into barren and toxic
wastelands, where the cycle of life needs to be urgently revived. Results from biogas
projects of various designs and scales — for homes, communities and industries —
generating cooking fuel, heat and electricity and organic fertilizer as a byproduct, in
countries such as Austria, Belgium, Canada, Denmark, Germany, the Netherlands,
the UK and the US, suggest that farmland revival — a sustainable agricultural
revolution — is indeed possible.*’
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A Brighter Future — Sprouting Now!

So, there we have it, in brief but demystified, a set of renewable energy technologies —
photovoltaics, wind turbines, hydroelectric generators, solar collectors for hot water,
solar greenhouses, solar cookers and biogas plants — which have proven their merit.
Each of these offers a wide range of application choices, from a small and personal
scale to the thousands of times larger community scale. And these are available, or
can be made available, around the world right now. Nothing better describes — or
practically demonstrates — what ‘power to the people’ means.

Without question, to make a transition to the renewable energy path we will
need more. There are more options and, as innovations and breakthroughs continue,
there will be many more to come. Some emerging options, in the sense of their need
to undergo some breakthroughs for widespread use, lead the way.

Hydrogen fuel cells

Probably the most talked about emerging option is hydrogen fuel cell technology.
Water is split into hydrogen and oxygen, then recombined inside a fuel cell to pro-
duce electricity.® The fuel cell stores the electricity, which can be used for a wide
variety of purposes, designs and scales — from running cars and boats to powering
homes and factories.

The promise of hydrogen fuel cell technology is revolutionary. It is a more
efficient and cleaner alternative to the combustion of gasoline and other fossil fuels.
It uses water, a more abundant and sustainable source. It is simpler and quieter than
conventional methods of electricity generation because it has fewer moving parts,
and is thereby also more durable and less prone to wear and tear from operation.
And it is emerging as an ideal solution to the problem of storing large quantities
of energy from renewable sources. The Sun does not shine around the clock and
wind does not blow all the time. Their daily intermittence, along with seasonal
variations, therefore presents a challenge when it comes to storing energy so that it
can be delivered consistently on demand. The revolutionary potential of the high
capacity fuel cells to store large quantities of energy in a compact way is emerging
as an answer. The exhausted Genie, bottled in the conventional energy sources, is
regaining life in renewable sources and finding a new home in fuel cells! But because
of the high upfront capital cost, it is still far too expensive to be practical on a large
scale. And for the electricity needed for splitting water, or electrolysis, it depends on
nonrenewables — thereby replacing one problem with another. Over time, however,
all that can change. The production scale, technology and efficiency can improve,
lowering the cost, and the electricity needed for electrolysis can be derived from
renewable sources such as PV or wind turbines. An infrastructure for mainstream
utilization of this technology is evolving. Pilot projects — such as cars and buses using
fuel cells — and new research findings around the world are lighting the way.

Sensing the huge potential, university and corporate labs are hotbeds of fuel cell
research. One of the recent breakchroughs took place at an MIT lab. Professor Daniel
Nocera, principal investigator of the Solar Revolution Project and co-director of
Eni-MIT Solar Frontier Center, and his team have developed a simple, inexpensive
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and highly efficient method to split water to produce and store electricity inside a
fuel cell. There is more work to be done before its widespread use. “This is just the
beginning,” says Nocera. He hopes that within ten years people will be able to power
their homes and cars with fuel cells, using photovoltaics to perform the electrolysis.”
Nocera also envisions, with rooftop PV modules fuelling the cells, grids will no longer
be necessary, eliminating one of the most cumbersome, expensive and hazardous
components from the energy distribution system. For the developing world, where
up to 70 per cent of the area is beyond the reach of the existing power lines, and in
which the vast majority of the population lives, the advantage will be revolutionary.”

Biofuels

There’s been quite a bit of talk about biofuels. They are derived from biologi-
cal resources such as plants and agricultural products, residues and wastes.’' The
most well-known is corn-based ethanol, which can be blended with gasoline, as a
transportation fuel. Especially since US legislation mandated in 2007 the annual
production of 36 billion gallons of biofuels by 2022, investors and big Midwest
farmers (supported by huge subsidies and powerful lobbyists) have jumped on to
the profit-driven and politically motivated biofuels bandwagon in a way similar to
the discovery of an oil field. The European Union (EU) too has a plan to fuel 10 per
cent of the cars and trucks in the EU with biofuels by 2020. Hyped up almost as a
panacea for transportation fuel need, biofuels have just as quickly become a highly
controversial topic. Rapid diversion of corn, soybean, sugar cane, canola, maize and
other agricultural items into ethanol production has shot up the prices of food made
out of those items. So, it has become a food vs. fuel’ issue. The impact is worldwide
and those who suffer most are the poor. With a growing need for food — which peo-
ple need more than cars — the impact is crucial. It is a moral issue, as well. Protests
have erupted around the world. Demand has also pushed up the prices of a host
of other nonfood products which use these items in their production mix. It has
caused rainforest destruction — from Brazil to Malaysia — and clearing of forests and
grasslands, converting them into biofuel crop fields. Consider also the destruction of
natural biodiversity. Attempts to promote biofuels as an eco-friendly, low-carbon en-
ergy resource have found their critics. Clearing of forests also releases carbon, as does
the intensive use of fertilizer to grow corn and other agricultural items for biofuels,
biofuels production processes and transporting the biofuels. Everything added up,
the net gain against conventional gasoline may be marginal, even negative.

So, is there hope beyond the hype for biofuels? Advocates claim yes. They point
to the use of agricultural wastes — like sugar cane bagasse biomass and wheat straw
— and residues and feedstocks from nonagricultural lands, like algae. They propose
harvesting nonfood plants, like native switchgrass, for biofuels production. Nonfood
biofuels have a new name, ‘Biofuels 2.0’. Companies around the world see a green
future for algae production. Glen Kertz, CEO of El Paso based Valcent Products,
which is working on high yield, closed loop, algae production, says, ‘If we took one-
tenth of the state of New Mexico and converted it to algae production, we could
meet all the energy demands for the entire United States.””
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All this leads to confirming that there is an acknowledgement in the scientific
community — and green business community — that, with careful assessments of
priorities, standards and guidelines, sustainable harvesting, scale of production, and
more efficient production processes and distribution, biofuels can be certified as an
eco-friendly fuel source in our energy mix, resolving the biofuels dilemma. So, we
should be careful ‘not to throw the baby out with the bathwater’. At the same time,
because there are conditions which must be met before biofuels can be certified as
a resource to be promoted on a large or appropriate scale, we must also not put the
‘cart before the horse’, which the US and EU biofuels policies have essentially done.
These policies must be reconsidered. Then, after the horse has been put before the
cart, let the journey continue!

Geothermal

Geo (Earth) and thermal (heat) — combine the two with the help of technology and
we have a geothermal system. Here are some basics. As the Earth absorbs heat from
sunlight, it is stored deep in the rocks and groundwater. It happens on a daily basis, as
well as due to the temperature built up over time at the Earth’s core, 6,400km below
the surface, with temperatures as high as 9000°F. The core releases the temperature
outwardy, causing rocks to melt and surface as lava flows, volcanoes erupt, fuelling
geysers and hot springs, and heating up rocks and ground water. A geothermal sys-
tem, powered electrically, injects water down through a pipe designed as a loop to
the heated zone of rocks and ground water — the ‘heat source’ — then pumps up the
heated water to the surface. It can extract and distribute the heat evenly at a steady
temperature. The temperature can also be raised to produce steam to power a turbine
to generate electricity. In a closed-loop system, the water is re-injected into the Earth
to repeat the cyclical process. The system can also reverse the process for cooling. It
can extract heat from the air, like in summer, and send it deep inside the Earth. The
Earth now serves as a ‘heat sink’. For its reliance on the Earth’s renewable heat source,
the geothermal system is considered a renewable energy technology. Capable of heat-
ing and cooling — both of space and water — and generating electricity, geothermal
technology is impressive and its popularity is growing among private home and in-
stitutional building owners. A geothermal industry is poised to flourish. Estimating
from various sources, starting with the first recorded geothermal system installed in
Italy in 1904, the technology is being used in at least 50 countries. Iceland, endowed
with its geography of hundreds of volcanoes, geysers and hot springs, which make
the technology most appropriate for the island, leads the way.

The potential of geothermal technology is huge, no doubt. But, like with any
technology, we must proceed with caution, under carefully crafted guidelines. The
technology and how it works may seem simple, but the ecology of the Earth is more
complex and interdependent than viewing the drilling and extracting heat as isolated
factors. Geological makeup, permissible depth for drilling at a specific location,
underground ecological impact of drilling, the rate of heat and steam extraction,
water usage and an analysis of an unintended release of gases from the Earth’s interior
— all these and more factors must be seriously considered. The critical environmental
consequences of reckless exploration and exploitation of nonrenewable resources
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warn us that human beings, especially with our industrialized and compartmentalized
consciousness, understand very little of the Earth’s complex ecology and equilibrium.
When such holistic wisdom, even a scientific voice, has spoken, it has often been
undermined, if not deliberately suppressed, under the aggressive drive for extraction
and exploitation, resulting in our current crisis. ‘Drill, baby, drilll" and ‘Consume,
consume, consume! still represent a pervasive attitude toward the Earth and its
resources, backed by a lot of powerful vested interests. If that attitude can be changed
or, at least, can be effectively controlled by guidelines, geothermal will certainly prove
to be a significant and sustainable energy source.

Hydrogen fuel cells, biofuels and geothermal — these are just three of the emerging
options. While allowing them the time they need to develop through addressing the
current concerns and limitations, we can utilize to the fullest the technologies we
have at hand to set the transition in a fuller motion and build an infrastructure
that will support and facilitate the emerging options. That infrastructure will have
to be built on diversity and balance. Diversity of the growing range of renewable
energy technologies, designs, scales, and of appropriateness will have to match the
diversity of needs, capacities and locations around the world. And there will have to
be a balance between the utilization of a technology and sustaining solutions so that
a short-term solution does not lead to a new and bigger long-term problem. The
balance must be attained from a global perspective, so that a solution or benefit in
one place does not result in a problem or undue expense elsewhere. In such equitable
diversity and balance lies the real scope of renewable energy technologies. The
renewable energy technologies available right now are seeds — firmly rooted and well-
tested — but compared to their revolutionary potential, they are barely sprouting. We
must let them flourish!



3
‘A Picture is Worth a Thousand Words’

Tll believe it when I see it.” Who hasn’t, at one time or another, heard that phrase
in response to an attempt to convince someone about something unfamiliar to that
person, especially if that ‘something’ happens to be something out of the ordinary?
That is a response I have received many times over the years when I talked about
renewable energy technologies, whether to a person or a group — even about some
simple applications like cooking with sunlight or lighting up a couple of rooms by
putting up a small solar panel on the roof. The simplicity itself has sometimes been
a reason for scepticism. And among the sceptics have been not only novices, but also
policymakers and conventional energy experts. Fortunately, as actual implementa-
tion of some of the technologies has sprouted around the world, and information
about them has become more accessible — prompted by a growing awareness of the
energy crisis — the spirit of the comment has changed from disbelief and scepticism
to receptivity and curiosity.

But the challenge remains if we want to expedite the transition to a renewable
energy path. There is a real need to show, not just tell about, the incredibly diverse
ways that renewable energy technologies have not only evolved, but actually been
implemented. There is a need to demonstrate the diversity of the renewable energy
technologies — among which are photovoltaics, wind turbines, hydroelectric
generators, solar collectors for hot water, solar greenhouses, solar cookers and
biogas plants; the diversity of design and scale of each technology; the diversity of
the purpose of their applications; and the diversity of the locations around the world
where they have been implemented. Together they create a scenario that is simply
beyond words. It is dynamic, inspiring, empowering and, indeed, revolutionary.

Here’s a glimpse. Let each picture speak a thousand words!
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Photovoltaics

Figure 3.1 Stand-alone PV-powered, passive solar home of solar pioneer Paul Jeffrey
Fowler, constructed in the 1980, in rural Worthington, western Massachusetts

Source: Sajed Kamal

Figure 3.2 Rural home powered by a stand-alone PV system in Bangladesh. 100 per
cent renewable-powered, it also has a Hot Box and a biogas plant for cooking

Source: Sajed Kamal
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Figure 3.3 PV-powered medical refrigeration unit in a Kenyan desert

Source: Mobil Solar, courtesy of Massachusetts Photovoltaic Center

Figure 3.4 PV-powered desalination centre in Jeddah, Saudi Arabia

Source: Mobil Solar, courtesy of Massachusetts Photovoltaic Center
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Figure 3.5 In New York Citys Times Square,
this 48-storey skyscraper has a ‘PV skin’ on all
Jour sides which replaces the traditional glass

wall. The building also incorporates other
Jfeatures like fuel cells and daylighting

Source: Sajed Kamal

Figure 3.6 Solar-powered health clinic in rural Cuba

Source: Cubasolar
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Figure 3.7 PV-powered automobile charging station at the University of South Florida
Source: Prof. Elias Stefanakos, USF

Figure 3.8 Boston Nature Center, an urban education centre managed by the
Massachusetts Audubon Society, includes grid-connected PV roof shingles, pole-mounted
PV arrays, PV-powered street lights, a solar hot water system, a geothermal
heat pump, daylighting and energy-efficient features

Source: Sajed Kamal
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Figure 3.9 A lighted bulb, a toy
boat and a cooling safari hat — all
powered by PV

Source: Sajed Kamal

Figure 3.10 When this 100 kWp PV system was built on top of an existing sound
barrier 20 years ago, it was the first PV project along a motorway worldwide and
the largest PV plant in Switzerland. Situated along the A13 motorway in the Swiss
Alps, the project combines noise reduction with energy production requiring no
additional space.

Source: ©TNC Consulting AG Switzerland, www.tnc.ch
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Figure 3.11 The Michael E. Capuano Early Childhood Center in Somerville,
Massachusetts, has a 35k W PV system mounted flat on the roof

Source: Sajed Kamal

Figure 3.12 Boston Mayor Thomas Menino (third from right) inaugurating a 2.4kW
PV system at the Boston Arts Academy, a public high school, in the Fenway on 6 April
2006. A Solar Fenway project

Source: Rosie Kamal
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Figure 3.13 A 100kW PV system and a 10kW wind turbine, both utility-interactive,
at Beverly High School in Massachusetts. The site meets more than 9 per cent of
the school’s annual electricity needs, saves $10,000-20,000 yearly for the city of

Beverly and is used as an educational rool for students and reachers around the world.

A Solar Now project

Source: Sajed Kamal

Figure 3.14 Wazer delivery system powered by PV modules supplied by Soluz
Dominicana, S.A. to serve a rural community in western Dominican Republic.

Source: Soluz, Inc., www.SoluzUSA.com
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Figure 3.15 A rural home with a stand-alone PV system in El Salvador
Source: Sajed Kamal

Figure 3.16 Two of the 30 PV-powered homes in Gardner, MA. “The first solar electric

neighbourhood in the world’, each with a 2kW grid-connected system. Gardner also has

PV systems, up to 5SkW each, on its Town Hall, library, community college, a fiurniture
outlet and a Burger King

Source: Sajed Kamal
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Figure 3.17 A solar-powered home in Worthing, West Sussex, UK
Source: Sajed Kamal

Figure 3.18 Cutamaran sun21’, a 14.6m boat completely powered by a 65m*
photovoltaic array, left Seville, Spain, in November 2006 with five Swiss crew
members on an 11,250km journey to arrive in New York on May 8, 2007,
demonstrating the great potential of renewable energy. The boat is also noiseless
and does not pollute air or water

Source: www.transatlantic21.org
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Figure 3.19 A wall-mounted PV system at Fenway Views Condominium-Affordable
Housing Building of the Fenway Community Development Corporation (FCDC)
in Boston, MA. A Solar Fenway project, 2007

Source: Sajed Kamal

Figure 3.20 A mobile street sign powered by a stand-alone system in Brookline,
MA. PV has revolutionized portable street and highway signs used by transportation
departments, police and construction companies across the US

Source: Sajed Kamal
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Figure 3.21 7he house of Dr Gert D. Rust in Koenigswinter, in the western part
of Germany near Bonn: 12kW, grid-connected

Source: Imke Buchholz

Figure 3.22 1.3MW Solar park in Sinzheim, Germany. The modules are angled so
that the area underneath can be used for grazing, allowing multiple benefits.
As the sun moves, the entire area underneath receives sunlight

Source: First Solar Inc.
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Figure 3.23 Solar-powered condominium building in Haar,
a village near Munich, Germany

Source: Martin Wittmann

Figure 3.24 The Lewis Environmental Studies Center, Oberlin College, Obio. A 59kW,
325m’ PV array and a 100kW, 818m’ PV array power the academic facility and
parking pavilion. A carbon-neutral, net energy exporting facility.
Construction period, including the BIPV system: 1998-2000

Source: Prof. John Petersen, Oberlin College
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Figure 3.25 Albe-res
(renewable energy sources tree)
in the City of Vasto, Chieti
province, Abruzzo region, in
the south of Italy. It isa 1.4
kW PV system, integrating
public lighting with LED
bulbs, charging point for
small devices (like phones,
laprops, electric bikes, etc),
wi-fi internet (thanks ro an
antenna integrated on the top
of the tree), and video security
(the tree is also able ro carry
in its leaves a CCTV camera,
when requested by the public

administration).

Source: Albe-res Stl, abertello@

olicar.it

Figure 3.26 Pal Town Solar City (Pal Town Jozai no Mori), Ota City, Gunma
Prefecture, Japan. A 4-kilowatt system each for 550 homes has been installed, fully
funded by the government, as part of a nation-wide effort to promote solar
and other new energy technologies in Japan.

Source: Ota City, http://www.nedo.go.jp/enetai/sinene_hyakusen.html
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Figure 3.27 Solar-powered Porter Square Shopping Center, Cambridge, MA

Source: Sajed Kamal

Figure 3.28 BedZED—the Beddington Zero (fossil) Energy Development—
the UK's best known eco-village in Sutton Borough, in South London.

Source: Tom Chance, BioRegional Development Group, www.bioregional.com
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Figure 3.29 The Vandermark family in front of their home with a 7kW solar
slate-roofing system in Cambridge, Massachusetts

Source: Sajed Kamal

Figure 3.30 Robhan and Juliana in front of the Solar Peace Fountain at the Somerville
Community Growing Center in Massachusetts. Committed to environmental
education and cultural festivities, the centre also has a PV-powered garden shed,

a water pump and a solar greenhouse. It hosts the annual ‘Boston Solar Day,
an educational event celebrating the Sun (organized by the Boston Area
Solar Energy Association, www.basea.org)

Source: Sajed Kamal
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Wind turbines

Figure 3.31 A charging station in the village of La Barra de Rio Grande, Nicaragua.
The tower on the left has an array of 12 solar panels and has proven to be a good hybrid
system with the wind generators. The building also serves as a hurricane shelter and
saved 75 lives in November 2009, when this tiny village was razed by Hurricane lda

Source: Peter Coleman/Peace and Hope Trust

Figure 3.32 A wind farm in Lower Saxony, Germany, growing food and energy
simultaneously.

Source: Philip May, en.wikipedia.org/wiki/File: Windpark-Wind-Farm.jpg
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Figure 3.33 In Boston Harbour, Hull Municipal Lights Hull Wind 1, a 660kW wind

turbine generates enough electricity to power 250 homes

Source: Sajed Kamal

Figure 3.34 Nysted Wind Farm, an offshore wind park off of Denmark.

Source: Cape Wind, www.capewind.org
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Figure 3.35 A 300-watt AIR
303 wind turbine provides
electricity for some of the rooms
in this cyclone shelter in Pekua,
in the coastal area of Bangladesh.
A BRAC project

Source: Sajed Kamal

Figure 3.36 Tomamae wind farm in Hokkaido (North Pacific coast), Japan, is the
largest wind farm in Japan. The first large-scale commercial wind power generation in
Japan started here in 1999 when Tomen Corporation buils 20 1000kW wind turbines.
Since then, the Electric Power Development Company Lid has added 30,000kW

Source: Curt Davis
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Figure 3.37 GUS Vertical Axis Wind Turbine: overall height 2.9m, blade diameter
Im, weight 363kg, rated output ar 60kmb, 11,000kWhlyear. Accompanying
PV arrays, 10kW

Source: Cross Sound Builders, Corp.

Figure 3.38 Wind-PV Hybrid System at IBEW 103 Training Center, off the Southeast
Expressway, Boston: 100kW wind turbine, 45m, 5.4kW PV

Source: Sajed Kamal
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Figure 3.39 Bahrain World Trade
Center is the first in the world to
install wind turbines placed in the
wind tunnel created by two adjacent
high-rise buildings.

Source: Bahrain World Trade Center,

www.bahrainwtc.com

Figure 3.40 Wind turbines at Boston’s Logan Airport. 20 AeroVironment roof-mounted
turbines, 1.8m high, generate 100,000k W hours annually

Source: Massachusetts Port Authority
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Hydroelectric systems

Figure 3.41 An ecologically designed pico-hydro’ system in a remote community on the
slopes of Mount Kenya

Source: Martin Wright/The Ashden Awards ©2010

Figure 3.42 A microhydro system in Guatemala. A project of Appropriate
Infrastructure Development Group (AIDG)

Source: AIDG
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Solar collectors for hot water

Figure 3.43 A Sears Solar Hot Water System at the Noce family home in a Boston
neighbourhood. The $2300 system with a 100 gallon tank, installed in 1983, has been
saving at least $250 annually

Source: Sajed Kamal

Figure 3.44 A solar hot water system near the Parthenon in Athens, Greece
Source: Clayton Mendonca
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Figure 3.45 Solar hot water system at Fenway Park in Boston. Installed in 2008, the
system provides about one-third of the parks annual hot water needs

Source: Sajed Kamal

Figure 3.46 Solar hot water systems on a hotel near Beirut, Lebanon

Source: Virginio Mendonga
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Figure 3.47 Solar hot water systems at the Indian Institute of Managemenr Calcutta
(IIMC), Joka, West Bengal, India

Source: Ashok Kamal

Figure 3.48 A solar hor water system in Madagascar, an island nation in the Indian
Ocean off the southeastern coast of Africa.

Source: Edward C. Joyce
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Solar greenhouses

Figure 3.49 More than 600 robust solar greenhouses have been built in Ladakh, in the
Himalayas, India. The greenhouses enable villagers to grow vegetables throughout the
year for personal consumption and income generation—even when temperatures drop ro
-25°C. (L) Solar greenhouse, Ladakh. (C) Harvesting fresh vegetables even in winter.
(R) Greenhouse owners have surplus vegetables to sell.

Source: The Ashden Awards for Sustainable Energy, www.ashdenawards.org

Figure 3.50 A 10kW grid-connected PV system and a solar greenhouse ar Natick
Community Organic Farm, Natick, Massachusetts

Source: Sajed Kamal
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Figure 3.51 Winter growth inside the Natick Community Organic Farm
Source: Sajed Kamal

Figure 3.52 The permaculture homestead of Kyung Kim and Doug Clayton
in Jaffrey, New Hampshire. The house is designed as a super-insulated passive solar
collector providing heat via sunspaces and with other integrated systems like rainwater
collection/cistern storage, a root cellar and a home-designed and -buils composting roiler.
Doug is currently researching the integration of home-scale biochar systems
(www.biochar-international.org)

Source: Doug Clayton



60 THE RENEWABLE REVOLUTION

Solar cookers

Figure 3.53 A dish-type solar concentrator cooker in Manang, Nepal,

a remote mountain village located 3500 metres above sea level

Source: Gaurav Kotwal

Figure 3.54 A Solar Quicky CooKit: a solar cooker made from one-half of a television
box, lined with aluminium foil and with the pot placed inside a high temperature oven
bag, can generate about 300°F! The cooker is also foldable

Source: Rosie Kamal
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Figure 3.55 Solar cooker demonstration by Mujeres Solare de Torogalpa
(Solar Women of Totogalpa). A joint project with Grupo Fenix, Nicaragua

Source: Susan Kinne/Grupo Fenix

Figure 3.56 A solar box cooker and a “Tulsi-Hybrid Solar Cooking Oven’. Tulsi cooks
day and night, rain or shine. It heats up to 400°F under direct sunlight. It can also
be powered by plugging ir into a standard 120VAC outlet, or, with an inverter, by
connecting it to a stand-alone renewable energy system

Source: Alex Roth
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Biogas plants

Figure 3.57 Cooking and lighting
with biogas in Bangladesh. The
biodigester, fed by cow dung and
located underground outside the
kitchen, generates cooking gas to be
piped into the kitchen stoves and
lamps

Source: Rosie Kamal

Figure 3.58 Biogas plant developed by Dr Anand Karve at the Appropriate Rural
Technology Institute (ARTI), Pune, India. The compact, above ground, plant — placed
on the ground or a rooftop — can generate enough biogas to cook all the meals for a

nuclear family from a daily supply of only 2kg of vegetable scraps

Source: ARTI
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Figure 3.59 A biogas plant at CIPRES, part of the Universidad Nacional de Ingenieria
(National Engineering University), Managua, Nicaragua. It is a simple and fully
operational biodigester that is connected to a latrine. The gas is used for cooking and the
end waste material is compost used in gardens

Source: Curt Davis

Figure 3.60 Highmark biogas plant in Alberta, Canada. Cow manure is fed into
the domelike anaerobic digester. Methane and carbon dioxide are then transferred to
a power plant linked to the power grid. The plant produces high-grade fertilizer and

generates IMW of electricity.

Source: Electrigaz Technologies Inc., www.electrigaz.com
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From the Collapsing Economy to
a Sustainable Economy:
The Real Economic Advantages of
Renewable Energy Technologies

There is no economic problem and, in a sense, there never has been. But there
is a moral problem. E. E Schumacher!

Civilization as we know it will come to an end sometime in this century
unless we can find a way to live without fossil fuels. David Goodstein?

The first question I am often asked when I speak anywhere about renewable energy
is about its cost. I welcome this question. Not only among renewable energy critics
and sceptics, but also among its advocates, I find this to be one of the most mis-
understood aspects of renewable energy. Actually, one of the crucial advantages of
renewable energy lies with its cost.

In response, with appreciation, I ask if there are people in the audience who
would agree with me on the general principle that we really should not be using
something if we cannot afford to pay for it. Usually there is an affirmative nodding
from everyone. Then I propose, if we are really serious about what we have just
agreed on, we should act on it by turning off the lights, heaters, fans, air conditioners
and whatever else we are using right now, right where we are sitting, say, in the
middle of Boston. If that is too drastic, I suggest, we could at least turn off some and
turn down some to minimize their use. Because, in a real sense, we simply cannot
afford them. And if we insist on using them, we must ask, at what real cost? And
who pays the price? Through a few moments of a mixed reaction of surprise, disbelief
and puzzlement, this is usually an engaging prelude to addressing the question of
renewable energy costs.
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The total cost of energy

So, what is the cost? Dictionaries define it as the amount paid or to be paid for a
purchase. Mostly we interpret it in terms of the money value directly attached to
the purchased item, whether we pay outright from our pockets, with credit cards,
or through instalments. But is there more to the cost beyond the directly stated
amount? On the question of energy, is there more to the cost of electricity or heat
beyond what’s in the utility bill or on the gasoline pump receipt?

Climate change, acid rain, smog, oil spills, nuclear wastes and accidents, and the
destruction of wildlife, natural resources and properties, which have now become
proven and predictable consequences of utilizing nonrenewables, also incur economic
costs which eventually fall on consumers. Such costs have been building up in our
economy over the years. Some of these have been documented, even if ignored. In
the late 1980s, one estimate of such environmental costs of energy consumption
each year in the US was put between $125 to $150 billion. These costs included
$7.5 billion from lung-related diseases from fossil fuel and more than $30 billion
from radioactive waste.® “The Rising Cost of Global Warming’, a US Public Interest
Research Group (US PIRG) study, estimated that the extreme weather-related
disasters occurring during the eight-month period between 1 January and 31 August
1998 cost the US economy $14.4 billion in economic losses, $5.3 billion in insured
losses and $1.3 billion in governmental disaster assistance.* A report by the United
Nations Environment Programme (UNEP), released in February 2001, estimated
the global cost of climate change to be $304.2 billion a year.” Another report,
released in November 2006 by the World Meteorological Organization (WMO),
the UN weather agency, said greenhouse gases reached a record high during 2005.
The report coincided with the release of a British government report of a study led
by Sir Nicholas Stern, former chief economist of the World Bank, which said global
warming could cost the world economies up to 20 per cent of their gross national
product.

Was Hurricane Katrina caused by global warming? This is no longer a
headline, but both discussions and debates are still going on about a definite link
between the two. The link deserves credence because Katrina matches so many of
the consequences of global warming that scientists have been warning us about.
The World Meteorological Organization and the National Aeronautics Space
Administration (NASA) announced 2005 to be one of the warmest years on record
and the US National Oceanographic and Atmospheric Administration labelled 2005
to be the costliest and deadliest year for hurricanes. These records lend much support
to the opening lines of the 30 August 2005 Boston Globe op-ed piece, ‘Katrina’s Real
Name’, by Ross Gelbspan, Pulitzer Prize-winning journalist and author of 7he Heat Is
On and Boiling Point: “The hurricane that struck Louisiana yesterday was nicknamed
Katrina by the National Weather Service. Its real name is global warming.’

Katrina was costly, too. The New York-based risk-modelling firm, Risk
Management Solutions, estimated the immediate economic damage to be $125
billion. CBS news reported the cost over time could exceed $300 billion. We may
never really know the full cost, and much of what was destroyed by the hurricane
defies any economic price tag, including the suffering and lives lost. But how sobering
are these figures?



FROM THE COLLAPSING ECONOMY TO A SUSTAINABLE ECONOMY 67

Lets re-think the costs of the Three Mile Island nuclear power plant accident,
the Alaskan Exxon Valdez oil spill, the Chernobyl accident and a host of other
accidents related to energy usage around the world. Even after the news of these
leave the media, their consequences, including economic damages running into
billions of dollars, continue, while more reports of oil spills and nuclear accidents
keep mounting over time.

And let us not close our eyes to the 2010 Gulf Coast oil spill, or get tired of the
news. While its catastrophic consequences continue to unfold uncontrollably, with a
price tag of billions of dollars, the entire global economy is thrust into an uncertain
future. That is a price of oil.

Just the direct cost of the Gulf War in 1991 was estimated to be $61.1 billion.°
That is in addition to all the lives lost on all sides and the environmental disaster —
the long-term worldwide effects of which are yet to be fully determined. Even prior
to the Gulf War, it was estimated that in 1989 the US Department of Defense spent
as much as $54 billion to safeguard oil supplies from the Persian Gulf.”

And now the Iraq War. Based on estimates from the Congressional Budget Office
(CBO), by February 2010 the war had already cost US taxpayers $700 billion.®
That’s just the dollar amount for the US alone, while the total continues to go up at
the rate of $1000 per second. In a study released in October 2007, the CBO further
estimated that the cost of the Iraq War will rise to $1.9 trillion (out of $2.4 trillion
for the Iraq and Afghanistan wars combined) by 2017 when counting the huge
interest costs due to the combat being financed by borrowed money.” The Nobel
Prize-winning economist Joseph Stiglitz has assessed it as “The Three Trillion Dollar
War’.10

All this resonates so well with what none other than a general, President Dwight
D. Eisenhower, said in 1953: ‘Every gun that is made, every warship launched, every
rocket fired, signifies in the final sense a theft from those who hunger and are not
fed, those who are cold and are not clothed.” Simply put, it’s the ‘Guns or Butter
Theory’ taught in most introductory economics courses. And, “To put it on our
credit cards with no accountability, with no plan to pay for it, I think is the height
of irresponsibility. It will be just one more toxic legacy of this disastrous war we will
have to leave our kids to clean up, said James McGovern, a Massachusetts Democrat
who serves on the budget panel. In the root analysis, it is all a part of the cost of oil
— the predictably escalating price of depleting nonrenewables.

Only recently has there been a growing discussion on the concept of ‘externalities’
as they relate to energy costs.!! What it suggests is that the costs which are related to
energy use, yet kept ‘external’ to the directly charged costs, such as the environmental
costs, the subsidy costs, the medical costs, the opportunity costs, the decommissioning
costs, the accident costs, the legal costs, the security costs, the war costs, as well
as all other indirect or hidden costs, must be accounted for to fully assess the real
cost of energy use. Externalities include ‘social costs’, which fall on society, even
though the individual consumer or producer is not directly charged for them, yet
may have to pay for them through higher taxes, service cuts, price hikes of oil-based
products, inflation, etc., ultimately depriving people of their basic necessities for
survival. These costs are significant, estimated to be almost half of the US GDP!? Of
course, it may be complex, even impossible in some cases, to fully assess such costs.



68 THE RENEWABLE REVOLUTION

But compartmentalizing them, diffusing them, subterfuging them, or sheer denial
or inability to assess them do not change the fact or solve the problem. The real cost
is the total cost — the only acceptable economics from an ecological, holistic, global
perspective. The total cost is the economic yardstick for sustainability.

Sustainable Economic Development

Rooted in the ecological perspective is the concept of ‘Sustainable Economic
Development’ or ‘Sustainable Development’. Much of the impetus for this concept
came from the report of the World Commission on Environment and Development,
Our Common Future (1987), sponsored by the United Nations. It says:

where economic growth has led to improvements in living standards, it has
sometimes been achieved in ways that are globally damaging in the longer
term. Much of the improvement in the past has been based on the use of
increasing amounts of raw materials, energy, chemicals, and synthetics and
on the creation of pollution that is not adequately accounted for in figuring
the costs of the production process. These trends have had unforeseen effects on
the environment."

Economist Herman E. Daly and theologian John B. Cobb, Jr., in their For the
Common Good, write:

We human beings are led to a dead end — all roo literally. We are living by
an ideology of death and accordingly we are destroying our own humanity
and killing the planet. Even the one great success of the program that has gov-
erned us, the attainment of material affluence, is now giving way to poverty.

The United States is just now gaining a foretaste of the suffering that global
economic policies, so enthusiastically embraced, have inflicted on hundreds of
millions of others. If we continue on our present paths, future generations, if
there are to be any, are condemned to misery."

The concept of ‘Sustainable Development’ suggests that, to be sustainable, economic
development must consider other factors impacting the future economy, such as the
environment. It acknowledges that environmental destruction has a negative impact
on the economy, that rampant environmental destruction is a major economic li-
ability and cause of poverty, diseases and violence around the world. The concept
owes much to the seminal contribution of David Pearce, economist and professor at
University College London, and a modern-day pioneer of environmental economics.
Until his unfortunate and sudden death at the age of 63 in 2005, Pearce passionately
advanced the notion that the environment has value, and economic growth achieved
by devaluing the environment is done at the expense of sustainable development. In
his classic Blueprint for a Green Economy (1989, co-authored with Anil Markandya
and Edward Barbier), originally prepared as a report for the UK Department of the

Environment, he wrote:
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One of the central themes of environmental economics, and central to sustain-
able development thinking also, is the need to place proper values on services
provided by natural environments. The central problem is that many of these
services are provided free. They have a zero price simply because no market
place exists in which their true values can be revealed through the acts of
buying and selling. Examples might be a fine view, the water purification
and storm protection functions of coastal wetlands, or the biological diversity
within a tropical forest. The elementary theory of supply and demand tells us
that if something is provided at a zero price, more of it will be demanded than
if there was a positive price. Very simply, the cheaper it is, the more will be
demanded. The danger is that this greater level of demand will be unrelated
to the capacity of the relevant natural environments to meet the demand. For
example, by treating the ozone layer as a resource with a zero price there never
was any incentive to protect it. Its value to human populations and to the
global environment in general did not show up anywhere in a balance sheet

of profit or loss, or of costs and benefits.

The important principle is that resources and environments serve economic

Sfunctions and have positive economic value. To treat them as if they had zero
value is seriously to risk overusing the resource. An ‘economic function’ in this
context is any service that contributes to human well-being, to the ‘standard
of living, or ‘development’. This simple logic underlines the importance of
valuing the environment correctly and integrating those correct values into
economic policy.”

Pearce sounded radical against the backdrop of the established notion of ‘develop-
ment’, which not only ignored the connection between economic development and
environment, it even pitted the two against each other — economy or environment,
economic development or environmental conservation. But he persisted and suc-
ceeded in establishing — through meticulous analysis of environmental values and
costs of externalities — both at the academic and policy levels, that ‘sustainable devel-
opment and sustainable growth are interlinked’.'¢

This concept of sustainable development, also emphasized during the UN
Conference on Environment and Development (UNCED) in 1992, the Earth
Summit in Rio in 1992, the World Summit on Climate Change held in Kyoto, Japan,
in 1997, and the World Summit on Sustainable Development in Johannesburg,
South Africa, in 2002, continued gaining a greater recognition around the world.
During the Rio conference, the Commission on Sustainable Development (CSD)
was created under the umbrella of the UN’s Economic and Social Council. In the
US, the President’s Council on Sustainable Development was appointed by President
Clinton in June 1993. The council included about 25 representatives from nonprofit
environmental and conservation organizations, business and industry, government
agencies, Native American nations, civil rights and labour organizations, and
charitable foundations. The council defined ‘Sustainable Economic Development’ as
‘development that meets the needs of the present without compromising the ability
of future generations to meet their own needs’.



70 THE RENEWABLE REVOLUTION

From the perspective of sustainable development, the conventional economics of
nonrenewables is the economics of collapse. The commonly held and propagandized
notion that nonrenewables are cheaper than renewables is grossly inaccurate,
misleading and deceptive. The notion is based on inadequate and incomplete criteria
for assessing the real cost. In fact, the real, total cost of nonrenewable energy use may
even be out of control and have thrust the world economy into bankruptcy. Even
worse, the bankruptcy is denied through passing the cost on to future generations.
We are probably the first generation with enough information and knowledge at our
disposal to be facing the predicament that, in our convenient, addictive, consumptive,
wasteful, compartmentalized and myopic pursuit of a ‘good life’, we are living off the
future of our children. The fact that, for the most part, we close our eyes to that
predicament and go on with our pursuit reflects our moral bankruptcy, as well.

Fuelling a sustainable economy

Energy is the lifeline of an economy. The choice of energy will determine whether
or not an economy will sustain. The choice, therefore, must be based on some con-
ditions which will continue to energize the economy along sustainable paths. The
following are some such conditions, interconnected, which build a necessary infra-
structure for the economy to thrive. Therein lie the real cost advantages of renewable
energy technologies.

A free and abundant fuel source

The Sun, our basic fuel source, delivers energy through its subsystems of light, heat,
wind, water movement and photosynthesis — freely and abundantly. These subsys-
tems are our renewable energy sources. In any part of the world, in a combination
appropriate to its location, these fuel sources sustain life. The fuel sources can be
tapped through both natural and technological means. This is the basic and sustain-
ing advantage, in contrast to the inevitably rising costs of the rapidly depleting non-
renewables. No matter how much energy prices are artificially manipulated now or
in coming years to sell ‘cheap’ nonrenewables, or how the energy supply is temporar-
ily stretched, the depletion factor — that oil, natural gas and uranium are estimated to
be depleted within 50 years and coal around 250 years — is enough to push the prices
up, eventually making the nonrenewables unavailable at any price. In contrast, the
Sun, at least for its lifetime of another 5 to 10 billion years will continue to supply
the renewable fuels — freely and abundantly!

Environmental advantages

It is a blessing that the main push behind renewable energy development has been,
and continues to be, the environmental movement. This is the best safeguard we
have against costly economic consequences of environmental destruction. The link
between technology, environment and economy must be continually emphasized
and scrutinized — in terms of both short-term and long-term implications. While
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cach technology must be examined individually, in all its aspects and phases — such
as extraction of resources, manufacturing, operation, disposal, recyclability — studies
suggest that renewable energy technologies, in general, far exceed nonrenewable en-
ergy technologies in terms of environmental advantages. It is well acknowledged by
the industry that the appeal of these technologies is profoundly contingent on their
technological and economic advantages as well as environmental advantages. The
required level of environmental control is borne by the manufacturer and becomes
a factor in the selling price, which, consequently, becomes a built-in mechanism to
check against hidden and external costs.”

The downward trend of technology costs

As with computers and televisions, breakthrough developments in efficiency, scale
of production and manufacturing processes have led to declining costs of renewable
energy technologies over the years. The direct costs of photovoltaics and wind energy
have come down by 60 to 80 per cent since the early 1980s. Very few products or
technologies can claim that steep a downward cost-curve. However, a sudden increase
in demand without adequate production and supply always leads to price increases
— as we have witnessed lately. But it is more like a bump on the road which will not
last. Many more manufacturers around the world are entering the industry. Current
manufacturers are planning on boosting production. Development of diversified raw
materials, mass production and more efficient as well as newer technologies, in mas-
sive volumes, will continue to emerge and the downward trend of costs will continue.

Remote and urban applicability

Renewable energy technologies are economically advantageous for both remote and
urban settings. The revolutionary advantages of remote or decentralized applications
are better recognized. Recent advancements, along with a downward cost, have made
renewable energy technologies advantageous for urban applications, as well. That,
too, comes with a revolutionary potential.

Remote advantage

For remote or decentralized applications beyond the reach of conventional power
lines, a PV, wind turbine or hydroelectric system — appropriately matching the en-
ergy source — is well-proven to be the least-cost option for electricity generation.
The modular systems can be installed as stand-alone or hybrid systems, in the latter
combining two or more different types of systems.

The scope for remote applications abounds — from space satellites to navigational
buoys for ships off the New England coast, from a rural home in Bangladesh to a
water pumping station in the Dominican Republic, from a telephone booth in a
Saudi Arabian desert to a village clinic in Zaire, from a street-light in Sri Lanka to a
forestry guard post in Armenia, from a roadside tea stall in India to a research station
in the Arctic, from a village community centre in Nepal to a telecommunication
station in Arizona. A wide variety of remote sites are dispersed throughout the world.
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The most dramatic scope for remote applications of renewable energy technologies
lies in the developing countries. According to a UNED report, at least 1.6 billion
people in the developing world do not have access to electricity.'® These are people
who live in the remote areas of developing countries, where up to 70 per cent of the
area is beyond the reach of the existing power lines. And most of the countries in
the world fall into the ‘developing’ countries category. Even in places where people
have the access technically — meaning they have power lines — the actual supply of
electricity there is highly insufficient and unreliable. This means, for most of the
world renewable energy technologies are already the least-cost options for electricity
generation and the most cost-effective, sustainable and achievable solutions toward a
renewable energy transition.

Solar electrification also carries with it many other immediate economic
advantages for developing countries, such as expansion of cottage industries,
night-time vocational training, use of power tools, opportunities for small traders,
shop-owners and other entrepreneurs, and higher productivity through better and
healthier lighting — compared to lighting from commonly used kerosene lamps.
Small stand-alone PV systems have also proven to be more cost-effective against
kerosene lamps over time."” The socio-economic benefic of poverty alleviation
through solar electrification is universally recognized. And so are the benefits of
healthcare, education and recreational opportunities, whether at the household or
community level, for both adults and children.

Urban advantage

Cities and towns are made up of buildings, and buildings have roofs and walls. If
sunlight reaches them, they are prime spaces for generating heat and light.

In the heart of Boston is the State Transportation Building, a gigantic 82,000m?
combination of office and commercial space. Installed on its roof is a solar thermal
system which, for 20 years, has been supplying over 80 per cent of the building’s hot
water needs. In 2008 the Boston Red Sox’s Fenway Park stadium installed a solar
hot water system which supplies 37 per cent of its hot water needs. Multi-storey
residential buildings, offices, hotels and other institutions are beginning to realize
this tremendous urban advantage and examples like these are popping up in cities
across the country and around the world.

One of the breakthrough developments in PV technology is the ‘grid-connected’
system. It is revolutionizing the way electricity is generated in and for urban settings
with conventional power lines. Electricity is generated by renewable energy systems,
such as PV or wind turbines, injected into the grid, and then distributed through the
power lines, supplementing the power generated through conventional sources. Just
think how much electricity could be generated by putting up some PV modules on
the roofs or walls of city buildings around the world!

No place in the world can be considered more urban than New York’s Times
Square. At the heart of it, a 48-storey skyscraper has a ‘PV skin’ which replaces
the traditional glass wall, generating electricity to meet partially the needs of the
building. The PV-integrated architectural glass is translucent, so — like a window
— one can see through it. The building also incorporates features such as fuel cells
and daylighting, showcasing urban applications of renewable energy technologies.”
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Kyocera Corporation’s headquarters, a 20-storey skyscraper in Kyoto, Japan, has
PV modules installed vertically on one of its side walls, along with other ‘green’
features.?! There are several PV-integrated skyscrapers in Bern, Switzerland, in which
PV modules replaced other materials for covering the fagades and therefore served as
the building materials themselves.” These examples are just the beginning and there
are many more roofs and walls around the world — sitting idle. So, instead of just
sitting idle all day, they could be doubly productive as a roof or a wall and as a power
plant! As the California utility PG&E (Pacific Gas & Electric) put it in a newspaper
promotion for renewable energy, ‘Green is giving your roof a day job.”

This job with many openings — with the appearance of vacant roofs and walls —
needs to be urgently filled! Especially during an economic recession, compounded
by an ever-costlier and worsening energy crisis, that’s good news. Around the world
in areas with a grid, grid-connected solar systems will be one of the fastest, simplest,
most cost-effective and environmentally advantageous ways to add both generating
and transmitting capacities to the grid. With multitudes of untapped urban areas
around the word, the potential of such applications to facilitate the transition to the
renewable energy path is truly revolutionary.

Turnkey transferability

Especially when the energy sources, human resources and most of the manufacturing
materials — three key ingredients in technological production — are locally available,
to move on to actually manufacturing the technologies locally, instead of importing
them, may make the most economic as well as political sense. It fuels the economy,
creates ‘green-collar’ jobs and helps achieve energy independence. Sometimes a coun-
try may import just the cells to take advantage of the economy of scale in cell manu-
facture elsewhere, or wait until its infrastructure is ready to take on that aspect of the
manufacturing process while it manufactures the rest of the components locally. It
has been well demonstrated that by combining turnkey transfer with local innova-
tion, modules and other components can be manufactured in countries around the
world that are not only among the best in quality, but the most cost-effective, as well.
That is a ‘stimulus package’ which keeps stimulating the economy!

There is a growing global trend of turnkey transfers of renewable energy
technologies. Several PV manufacturers supply turnkey production lines. They can be
contracted for either a part or the entire process of planning, training local expertise
and manufacturing PV modules locally from scratch. Then they turn over the key
to the contractor and leave — hence, the phrase, ‘turnkey transfer’. For example,
Spire Corporation, “The Turnkey Factory Company’, a Massachusetts-based PV
manufacturing company and a pioneer in the industry, has transferred turnkey
facilities — the complete line or some segments — to 50 countries worldwide.”

The manufacturing process requires energy, which can be a challenging, if not
prohibitive, factor for many developing countries. The PV-manufacturing plant of
the Solarex Corporation in Frederick, Maryland, set a classic example of a solution to
the challenge. The plant was built in the 1980s to receive all the energy it needs from
its 200kW of PV modules on its south-facing sloping roof to manufacture SMW of
new solar cells each year. For this reason it has been called a ‘solar breeder’. It became
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a prototype for countries that cannot afford, or simply do not have, the electric
power needed to manufacture PV modules.? In 1999 Solarex merged with BP Solar,
first becoming BP Solarex, then BP Solar. BP Solar in Frederick has now grown to
be one of the nation’s largest fully integrated PV-manufacturing plants. But this need
to rely on renewable energy, not only in applications of technologies, but also for the
manufacturing of technologies itself, is a transitional necessity, no matter in which
country the manufacturing is taking place. An inspiring example is set by Germany’s
Freiburg-based company, Solar-Fabrik: “The company operates an emission-free plant
that gets its power from its own photovoltaic modules and a biomass cogeneration
unit. The only emissions from this plant are related to purchased materials.”®

As it is with PV, turnkey transferability is a common advantage for a number
of other renewable energy technologies, including a variety of wind turbines,
hydroelectric and solar thermal systems. The trend is growing there, too.

Alleviation of debts and deficits

Mounting foreign debts have become cyclical as well as worsening problems for
many industrially developing countries where the fuel import bills amount to as
much as 70 to 90 per cent of the total export earnings. Funds needed for many
essential purposes go to pay off foreign debts, often only to qualify for additional
loans — in reality, more debts.?

‘Solutions’ are at best treating symptoms if economies continue to rely on
nonrenewables. As the costs of nonrenewables rise while the energy needs of the
economies grow, the fuel bills grow too. The crisis is further complicated and
worsened by the associated externals and social costs impacting the economy, such as
climate change and energy insecurity.

This affects the lender adversely as well. Let me illustrate with a reference to
banking. It may be somewhat simplistic, but illustrative nevertheless. The bank, the
lender, lends money to benefit itself from the interest the borrower pays to it. As long
as the borrower can pay the interest, while only fractionally amortizing the capital,
the bank is fine and profiting — and that’s just what the bank prefers to get from
the borrower, rather than the return of the capital. That is why the interest amount
is much higher in the beginning than the amount by which the capital amount is
being amortized. Some banks even charge a penalty fee for paying off the loan too
early. Now, if for some reason the interest payment itself becomes prohibitive for the
borrower, the bank may lend additional money to bail out the borrower so that the
borrower may resume paying the interest which the bank survives or thrives on.

However, if the process continues, that is the borrower is increasingly defaulting
on the interest payments because that amount itself has reached a proportion beyond
their ability to pay, then lending more money is no longer a solution for the bank
or the borrower. The bank itself is in jeopardy because, along with losing its income
from the interest payments, its assets — the capital lent out to earn that interest
— are at risk of being lost. The greater the proportion of its total assets that the
bank has lent out in its desperate attempt to salvage the default, the greater is the
risk and the hit to which the bank is subjected. Depending on the value of the
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loan collateral, the declaration of bankruptcy by the borrower may only add to the
lender’s liabilities. Of course, banks operate with all kinds of safeguards around their
assets and investments. Still they collapse — as happened during the banking crises of
the 1980s and the continuing housing and financial crisis since 2007. Moreover, the
costs of those safeguards fall on the overall economy of which the bank itself is a part.

So, there is a limit as to how far such safeguards can be extended, without adversely
affecting both the bank and the economy as a whole. Much of the debtor-creditor
relationship between the industrially developed and developing countries can be
explained in this way. The relationship between the World Bank and the economies
of the developing countries are similar. It is a trend, unless some fundamental changes
can reverse it, of eventual global economic collapse — the signs of which are becoming
all too evident these days, and the effects of which are causing much too much pain
to suppress.

Especially since energy costs make up such a high percentage of developing
countries’ foreign debt, turning to renewables is one essential step towards breaking
out of the vicious cycle of dependency. The more a country can rely on renewable
sources, the more its economy is freed of fuel costs, thereby alleviating the major
source of foreign debt. A country can develop or revitalize technologies appropriate
to its renewable energy sources. Moreover, it can take advantage of the turnkey
transferability of the renewable energy technologies to empower itself. Or it may at
least begin to manufacture some of the components locally, thereby investing that
much of its energy costs in its own economy, invigorating it as a result. Even if the
initial capital needed for such investments comes from external sources, the situation
is fundamentally different from reinforcing the debt cycle. Over time it can result
in even more than breaking the debt cycle and paying off foreign debt. Investments
in renewables are also investments in uplifting the economy towards greater self-
reliance and sustainability, both for national and global economies.

Turning now to the industrially developed countries, the economic prosperity
of these countries has been primarily fuelled by nonrenewable energy sources.
Energy being the lifeline of an economy, the rapid depletion of these sources alone
is leading these economies to their eventual collapse — with catastrophic impacts on
the world economy (including the developing economies so dependent on them).
In the meantime, energy prices are heavily subsidized and kept artificially low at
the expense of a growing number of essential social, human and environmental
needs and services in the present, with even more critical implications for the future.
Neglected externalities or social costs — ‘total cost’ accounting — are rapidly adding
up to put future generations in debt even before they have been born. In reality, this
constitutes the transfer or displacement of the bankruptcy of the present economies
into the future.

For some of the industrially developed countries imported oil bills account for
a major and ever growing portion of their national expenditure. The US imports 70
per cent of the oil it consumes, paying over $700 billion annually, and its net oil
imports represent more than 53 per cent of the total US merchandise trade deficit.
It is complex to single out an item as a cause of trade deficit, but oil is significant
enough a variable for analysts to identify that increased oil imports and the rising
price of oil cause the trade deficit to surge.” In turn, such surges also add to the
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ballooning national budget deficits and debts. Unchecked, they indicate symptoms
of a collapsing economy.*®

Fifty-four per cent of the US federal budget for Fiscal Year 2009 was spent on the
military (18 per cent on past military and 36 per cent on current military expenses).*
So much of the spending — under various allocation labels — is related to dependency
on, and securing the supply of, oil. How long do we go on crippling our economy
and escalating debts and deficits, before transitioning to the renewable path?

Reliance on local renewable resources — a secure and self-reliant way to revitalize
national productivity — is necessary to alleviate national expenditures, debts and
deficits, thereby reversing the collapsing trend.

Equity and justice

While fuelling global industrialization, the nonrenewable energy path has also been
tuelling the global inequity between the industrially developed and developing coun-
tries. With 5 per cent of the world’s population, the US consumes 24 per cent of
the energy produced in the world. The developed countries as a whole, with 20 per
cent of the world population, consume 58 per cent of total energy. According to the
Worldwatch Institute, the seven largest industrial nations — with a total of barely 10
per cent of the world’s population — together account for more than 40 per cent of
the world’s consumption of fossil fuels, most of its consumption of metals, and a
major percentage of its consumption of forest products and industrial materials.*

The transition from the nonrenewable to the renewable energy path can equalize —
and therefore, in the true sense, democratize — this fundamental and pervasive means
of control over the global economy: the energy supply. The critical link between
equity, energy and democracy needs to be understood and acted upon. And the Sun
will be there to fuel the equalizing, democratizing process. An added advantage: most
of the developing countries, located in sunny tropical or semitropical regions, are
phenomenally rich in their renewable energy sources — practically ‘untapped energy
mines’.

A critical awareness of inequities, exploitation and environmental victimization
is growing in the developing countries. It’s fuelled greatly by the knowledge of the
causes and catastrophic consequences of climate change. There’s a growing awareness
that the developed countries, the main beneficiaries of utilizing fossil fuels, are also
most responsible for climate change. At the same time, the developing countries, the
far lesser beneficiaries of utilizing fossil fuels, are also among the least responsible
and worst victims of climate change. Land disappearance under water due to rising
sea levels, environmental refugee crisis, civil unrest, diseases, droughts, salinity and
other contamination of water and cropland, and deaths, to name a few, are exploding
realities. According to the United Nations, ‘Over the next decades, it is predicted that
billions of people, particularly those in developing countries, face shortages of water
and food and greater risks to health and life as a result of climate change.

But it’s not just about the future. Climate change is happening right now,
victimizing millions of people and other species around the world and causing
irreversible damages to the environment. For example, more frequent cyclones
and sustained droughts are present realities that are consistent with what scientists
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have been predicting and equating with climate change. When a cyclone hitting
Bangladesh or a drought in an African country is reported on television, we see the
actual images of a suffering humanity and a devastated Earth. Even though those
images last only for a few fleeting moments, the suffering and devastation continue.
This means every greenhouse-gas-emitting power plant that goes up anywhere in
the world carries with it the decree of death and destruction for many who are
disenfranchized, who'll not benefit from it, but become its innocent victims. This
far outweighs the supposed benefit it promises for a few. The sufferers can no longer
be categorized merely as ‘victims of nature’ — to be treated with condescension and
charity. Instead, there is now an awareness which stems from legal and human rights
perspectives which demands — through action, not just promises — compensation;
support for mitigation, adaptation and renewable energy technologies; migration
rights; and equitable justice. And this viewpoint demands that the developed countries
curb their own consumption patterns responsible for climate change. The voice has
been raised — and has become louder — in the world summits on environment and
sustainable development, and was heard the loudest at the UN’s Climate Conference
in Copenhagen in December 2009. This is inevitable and morally justifiable.

How far will the pendulum swing? Nobody can tell. There’s a long history of
inequities and injustices to contend with. It would be naive to say that inequities and
injustices in the developing countries are all externally imposed. Most monarchies,
feudal states and chiefdoms thrived through inequities and exploitation of the
masses, as do most of the present-day ‘liberated’ nations under their corrupt political
leaderships and hierarchical social stratifications. They simply can’t be justified.
However, what we are focusing on here are the inequities and injustices which
have been inherent in the ideological progression of ‘colonizing’ to ‘civilizing’ to
‘developing’, which have been fagades for exploiting the vast nonrenewable resources
around the world in the interest of the few colonial powers to the ‘civilized” countries
to the modern-day ‘developed’ countries.

Climate change is unravelling a piece of that history fuelled by a critical
consciousness. When Nature’s fury combines with human fury, it’s a recipe for a Perfect
Storm. It spares none. But I hope that we can still avoid that. And we need to avoid
that in common interest and for the common good. However disproportionate the
victimization between developing and developed countries may seem now, eventually
the catastrophic impact of climate change will know no borders. The unusually
changing climate patterns, record-breaking snow storms, rainfall and droughts across
North America and Europe are indicating what’s yet to come. Mohamed Aslam, the
Environment Minister of the Maldives, an island nation in the Indian Ocean whose
virtual existence (according to the IPCC) is threatened by the rising sea levels, says it
well: “The best we can do is tell the world that what is happening to us can happen
to you tomorrow. The big countries must see their future reflected through us.??
With the alarming growth of evidence of the effects of climate change — around the
world and across developed and developing countries — the ‘tomorrow’ is already
here, today. Acting on solutions, the Maldives has announced a plan to become the
world’s first carbon-neutral country by generating all its electricity with photovoltaics
and wind turbines.
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To press for global action — not just words — the Maldives™ initial dramatic
decision to not join the Copenhagen summit and hold an underwater conference
on climate change at home sent a clarion call for action on behalf of the entire world
community. Unfortunately, keeping with the tradition of international conferences
which breed more conferences and committees than solutions, the Copenhagen
conference turned out to be the most recent enactment of another self-congratulatory,
elitist and foot-dragging drama, devoid of substance and action but full of loopholes
and empty promises, presented on the world stage by the leaders of the developed
nations. However, the voices demanding action, too, have continued to get louder,
and so has the determination to take action locally at the grassroots and community
levels around the world.* An action-oriented global network of grassroots solidarity
is emerging. 350.org, led by Bill McKibben, is an excellent example. That, indeed, is
a very hopeful trend.

So, together, let’s choose the path of equitable solutions over global catastrophe.
Just as the nonrenewable energy path has fuelled the scenario, a sincere and mutual
commitment to equity and justice along with earnest collaboration to expedite
energy self-reliance through the renewable energy path for every country — developed
or developing — will play a key and redeeming role in the transition of the world as a
whole toward a more sustainable future.

Peaceability

As nonrenewables become increasingly scarce and the economy becomes increasingly
dependent on imported oil or other nonrenewable energy sources, global tension and
insecurity rise. The oil crisis of the 1970s and the Middle East wars demonstrate this
phenomenon.

The situation did not get to be that way overnight or by accident. Oil companies
— British Petroleum (BP, formerly the Anglo-Persian Oil Company), Exxon, Shell,
and Aramco (an oil consortium of US oil companies) have been exploring and
cutting deals in the region since the early 1900s. The stage was set and the drama
continued to unfold. As the vast oil reserves — “The Prize’ — were being discovered
in the Middle East, a meeting between King Ibn Saud and President Franklin D.
Roosevelt aboard an American ship in the Suez Canal in 1945 laid the groundwork
for the US — particularly its oil corporations — to come out as the winner. It was a
simple agreement: the Saudi monarchy will permit the US to exploit oil and, in turn,
the US will protect the Saudi monarchy.*

Pursuit for oil in the region continued — only more aggressively and compounded
by Kuwait and Iraq factors — escalating to today’s situation which will have no
winners, only victims. However justified or politicized, and no matter what other
causes or solutions are sought while ignoring the root cause, that path of occupation,
exploitation and retaliation will lead us to nowhere but a dead end with only
more human, environmental and economic costs on all sides. Cogently warning
about these inevitable consequences of the oil path, while proposing clean energy
alternatives, Paul Epstein and Chidi Achebe conclude: ‘Once called “The Prize” by
Daniel Yergin in 1991, oil has become “the curse”.”* Look around the world — from
Nigeria to Sudan (Darfur, to be more specific) to Iraq to Colombia to Azerbaijan to
Georgia to Papua New Guinea to Bangladesh — and see how relevant this statement
is to any place where oil or any other nonrenewable energy resources are found.
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Moreover, due to the centralized, concentrated power necessary for controlling
nonrenewable resources, nationally and globally, the warring scenario will also be
marked by accelerating militarization and totalitarian conditions, demanding from
us to surrender — in the name of false security — whatever dwindling civil liberties
we have left to cherish. Recent years bear ominous signs. In Real Securizy, Richard J.
Barnet wrote 20 years ago but could have written today:

The decision to invest a trillion dollars in the military rather than in a crash
energy-development programme to reduce a dangerous dependence on foreign
oil is a prime example of increasing the nation’s vulnerability by piling up
hardware and expensive military bureaucracies. The hardware cannot pro-
duce energy; it consumes energy. It cannot assure access to energy, because
there is no effective military strategy to assure the flow of oil through a system
vulnerable to sabotage.

Useless military forces pre-empt investment funds, public and private, that
could be used to develop alternative national-security strategies appropriate
to the new century which we are about to enter. Increasingly, national power
comes out of innovative minds rather than the barrel of guns.®

The fuel war has also refuelled the proliferation of nuclear power and nuclear weap-
ons production. The two are intrinsically linked. Two of the byproducts of nuclear
power production are highly enriched uranium (HEU) and plutonium, the main
ingredients for nuclear weapons including bombs. A typical nuclear reactor produces
about 250kg (5501Ib) of plutonium per year — enough for 25 to 50 weapons. As of
early 2007, the global stockpile of HEU reached up to 200 tons and the global stock-
pile of separated plutonium reached about 500 tons.?”” Behind the facade of secure
storage, these ingredients are hotly pursued items through secret deals and theft. The
vast and proliferating arsenals of nuclear weapons around the world are a testimony
to the chilling truth that the so-called ‘peaceful atom’ in reality has been far from
peaceful. As Robert Jungk puts ic: “The splitting of the atom moved man into a new
dimension of violence. What began as a weapon against one’s enemies now threatens
the hand that wields it. In substance there is no difference between “Atoms for War”
and “Atoms for Peace”.?®

Einstein reminded us that we cannot prepare for war and peace at the same
time. Around 30 years ago Amory and Hunter Lovins, co-founders of the Rocky
Mountain Institute, which is a living example of sustainable design, and pioneering
advocates of sustainable development, warned the world about the inherent and
terrifying link between nuclear power and nuclear weapons, between energy and
war, and the critical choice we face between energy for war and energy for peace.”
We must address these links and choices now, especially that nuclear power is gaining
momentum, propagandized as a solution to climate change. The possibility of a
sustainable future depends on it.
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The sustainable economy: building a new foundation

What we need is a long-term vision of sustainability, with urgent actions rooted in
that vision. As in Gandhi’s holistic notion of an ‘inviolable connection between the
means and the end, as there is between the seed and the tree’, the urgent actions and
long-term goals have to be integral elements of a continuous whole.

Renewable energy — with its vast sources of light, heat, wind, water movement
and photosynthesis — has the potential to revolutionize the global economy. Fuelled
by these renewable sources, the choices of many ingenious and practical solar
technologies, including photovoltaics, wind turbines, hydroelectric and solar thermal
systems, biogas and solar cookers are within our reach right now. Appropriately
chosen and combined, these offer sustainable solutions for rural as well as urban
settings around the world. A wide range of applications of these technologies
have proven their economic, environmental and political advantages. Many more
promising options, such as fuel cells, biofuels and geothermal systems, already with
some proven results, are on the horizon.

The transition will not be easy, especially because of our deep entrenchment in
the nonrenewable path, fuelled in particular by the energy-guzzling consumption
practices we have uncritically come to equate with the ‘good life’, and the powerful
vested interests that guard and reinforce the entrenchment. Addiction to oil,
reinforced by both ignorance and denial, runs pervasively through the industrial
culture, while the demand for energy escalates both in the industrial and industrially
developing countries around the world.

India and China, the world’s fastest industrially developing countries which are
aggressively pursuing the nonrenewable path (far outstripping their own otherwise
impressive investments in the renewable path), pose two of the greatest emerging
environmental threats to the world. In the long run, projected according to the
sustainability yardstick, they are destined for their own economic —and environmental
— collapse, as well. China and India are also two of the countries in the world with the
most enduring and profound wisdom of sustainability interwoven in their cultural-
spiritual fabrics. Let us hope, fuelled by the growing environmental movements
in these countries, this wisdom prevails. In Indian mythology, the snow-capped,
unconquerable and mysterious Himalayas are the abode of the gods who have been
sustaining creation from time immemorial. In turn, humans have looked upon the
Himalayas with the utmost reverence. There couldnt be a more serious warning
against climate change than the accelerated melting of the Himalayan glaciers due to
the Earth’s rising temperatures.’

But do not let India and China divert our focus from the industrially developed
countries. While India and China are emerging as the greatest environmental threats,
the industrially developed countries are already that, having caused damages worldwide
that we are just beginning to experience. All the scapegoating and finger-pointing at
India and China will amount to little more than hypocrisy unless the developed
countries themselves take measures to curb their own rampant, environmentally
destructive practices and quest for profit maximization by taking advantage of
China and India’s cheap goods and services and thereby fuelling environmentally
irresponsible production. To heal the addiction, we still have to find the right doctor
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or, at least, a global policy that can curb globalizing consumerism and greed, a policy
that will treat both the addict and the pusher — jointly and equitably.

The US Department of Energy, in its International Energy Outlook (1998),
predicted that global energy demand will climb by 86 per cent between 1990 and
2020. The Energy Information Administration (EIA) of the US government projects
world energy consumption to nearly double between 2004 and 2030. The hi-tech
revolution around the world is consuming power like there’s no tomorrow. In the US,
computers and other electronic gadgets account for nearly 10 per cent of total power
consumption.* Electricity has been called the ‘oxygen of Silicon Valley’. Silicon
Valley is now facing a growing shortage of oxygen. Merely outsourcing Silicon Valley
operations to India, China and wherever else, relying on the same source of oxygen,
does not solve the problem, it only globalizes it.

In the face of this growing energy shortage from nonrenewables, barely 7 per cent
of the world’s energy is generated from renewable energy technologies. Projections
for such generation by 2030 do not exceed 10 per cent. The worldwide renewable
energy technology business, excluding large hydros, is expected to reach $35 billion
in 2013, up from $7 billion in 2004.*> However impressive this is in isolation, it does
not come close to reversing the trend of further entrenchment into the nonrenewable
path.

Some analysts have suggested that, as nonrenewables become scarcer and costlier
and renewable technologies become more cost-effective, market dynamics will turn in
favour of renewables.”® This is grounds for optimism. However, there are real threats
and obstacles to such possibilities, which we need to remove urgently through public
policies so the market dynamics can play out that role. It is true that profitability
attracts private investors, with or without governmental support — that is the law
of the marketplace. It is not a surprise, therefore, that with the growing demand
for renewable energy products, the number of investors is growing, too. Venture
capitalists are migrating into the renewable energy technology territory like a new
‘Gold Rush’, or even better, a ‘Green Rush’. Investments in ‘cleantech’ are at an all-
time high. Nor is it a surprise that most of the major investors in renewable energy
technologies are nonrenewable energy corporations or their subsidiaries. Oil and
auto giants — BD, Shell, Adantic Richfield (ARCO), Chevron, Texaco, ExxonMobil,
Daimler, Mitsubishi, GM, Ford — they’re all in it. BP in billboards and magazines
around the world declares itself as ‘Beyond Petroleuny’. ‘Ignoring alternatives is no
alternative, Shell admits, then goes on to advertise its ‘commitment to sustainable
development, balancing economic progress with environmental care and social
responsibility. So with real goals and investment, energy from the sun can be more
than just a daydream.

Buct there’s another side to how these corporations actually behave. Investment
of these corporations in renewables is a pittance compared to their investment in
nonrenewables. Their influence through lobbyists at the governmental level reflects
a wide discrepancy in the way the government subsidies are distributed between
nonrenewable and renewable research and development, favouring nonrenewables.*
Their oligopolistic control of the economy, politics and policymaking overpowers
the free-market dynamics of supply and demand. Their ruthless pursuit of the
increasingly scarce, therefore also more profitable, nonrenewables around the
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world raises questions about their social or environmental responsibilities in any
fundamental sense. The record high oil prices — crippling the economy down to
household budgets — lead to a record high profit for the oil corporations. Analyse the
equation. And that motive — maximizing profit from nonrenewables — is what rules
the corporate policy and practice.

With an investment of $124 billion between 2007 and 2012 to produce oil from
tar sands in Alberta, Canada is poised to become the ‘new Saudi Arabia’. As global
warming melts the Arctic, countries including Russia, Canada, the US and several
others are rushing to hoist their flags and start digging, claiming a piece of the 14.2
million square kilometres of the region, estimated to hold 25 per cent of the Earth’s
oil and natural gas reserves. Propagandizing the excuse of combating climate change,
while suppressing any mention of the host of risks and consequences associated with
nuclear power, the nuclear industry is pushing for a comeback. It has found an ally
in the International Energy Agency, a Paris-based intergovernmental organization
founded by the Organisation for Economic Co-operation and Development
(OECD), which proposes building 1400 nuclear power plants worldwide in the
coming decades. GEI Consultants, while proposing a national energy plan to include
exploitation of all potential power sources, and dubbing nuclear power plants a
‘green technology’, an oxymoron, advocates building 40 new nuclear power plants
in the US by 2035.%

For all these reasons, the corporate responsibilities seem more of a deceptive
‘greenwash’ and far less a priority compared to their short-term goal of maximizing
profit from nonrenewables. Left to market dynamics, that scenario is much more
imminent than an actual transition to the renewable path.

To bring about the transition, a new political will — representing the true
public will, not the corporate will — must be asserted and new policies need to be
implemented. The policies must require converting their investments and subsidies
in favour of renewables. Using the nonrenewables only as transitional fuels and a
moratorium on investments in further entrenchment into nonrenewables, combined
with a crash infusion of investments, incentives and programme implementations
in renewables, will be necessary. The corporate domination and practices of profit
maximization for a few at any cost must be checked by public oversight, out of
which a socially and environmentally responsible public-private partnership (PPP)
can flourish. These measures have to be executed with the utmost urgency. As the
concern over the dire consequences of climate change grows, some environmentalists
and politicians have said that combating climate change successfully will require
putting out policies and programmes with a priority and magnitude comparable to
the Manhattan Project, the US programme (1942-46) to build the atomic bomb.
We will need a Manhattan Project-type priority to make a transition to the renewable
energy path before it is too late. Also, we need to come to the quick realization
that, in terms of priority and magnitude, the aggressive pursuit of nonrenewables
— overtly and covertly — by corporations and state monopolies, such as Russia and
China, are already beginning to resemble the Manhattan Project. Only a socially and
environmentally responsible public-private partnership will be able to redirect that
pursuit toward a renewable energy path.
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Not exhausting the nonrenewables does not mean those resources are wasted.
The Earth, as a living organism, has its own reasons and need for those resources. The
modern scientific hypothesis about the Earth as a living and evolving organism, Gaia,
which sustains life through a process of interdependence of elements within itself as
well as with elements of the larger ecosphere, is also ancient wisdom.*® Conserving
and renewing those resources is a biological necessity for the Earth itself. For the
Earth to live, to thrive, to sustain itself, it must be able to rely on its life-sustaining
elements. As we consume the Earth’s resources in order to sustain, ‘Hymn to the
Earth’ in the Vedas, the ancient Indian spiritual scripture imbued with wisdom and
recorded around 1500 B.C., reminds us of this responsibility:

Whatever I dig up of you, O Earth,
may you of that have quick replenishment!

Our own human ancestors had the holistic wisdom to understand the meaning of
sustainability that we need to live within the limits of the Earth’s natural resources
and our renewable capacities. Rooted in that wisdom was a foundation of what we
have come to conceptualize as ‘Sustainable Development’, in which economic utili-
zation of natural resources and spirituality were fused. Yet, 3500 years later, we find
ourselves the farthest away from that wisdom, posing the greatest threat to the health
and survival of the Earth itself. World Wildlife Fund’s Living Planet Report, released
in October 2006 says:

The Living Planet Report 2006 confirms that we are using the planet’s re-
sources faster than they can be renewed — the latest data available (for 2003)
indicate that humanitys Ecological Footprint, our impact upon the planet,
has more than tripled since 1961. Our footprint now exceeds the world's abil-
ity to regenerate by about 25 per cent.

The consequences of our accelerating pressure on Earths natural system are
both predictable and dire. The other index in this report, the Living Planet
Index, shows a rapid and continuous loss of biodiversity — populations of
vertebrate species have declined by about one third since 1970. This confirms
previous trends.

The message of these two indices is clear and urgent: we have been exceeding
the Earth’s ability to support our life-styles for the past twenty years, and we
need to stop. We must balance our consumption with the natural world’s
capacity to regenerate and absorb our wastes. If we do not, we risk irreversible
damage.

We know where to start. The biggest contributor to our footprint is the way in
which we generate and use energy. The Living Planet Report indicates that
our reliance on fossil fuels to meet our energy needs continues to grow and that
climate-changing emissions now make up 48 per cent — almost half — of our
global footprint.”
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So, it’s time to take this warning — and responsibility — seriously, both for the sake of
our own survival as well as the Earth’s well-being, and the two are intrinsically linked.

But let us assume, on the other hand, that the Earth survives the depleting
assaults — for the Earth has also proven itself to be immensely resilient, intelligent
and powerful. Would it then go on accommodating humans as one of its inhabitants?
Or — as an organism tends to do to an element which behaves ‘badly’ or threatens its
survival — would it declare ‘Enough!” and let the human species drive itself to its own
extinction? O, at least, give it a thorough cleansing? If we truly valued the Earth’s
organic integrity and its ‘Earthright’ — if you will — to sustain itself, then the human
assaults on it would be justly considered punishable crimes. We must challenge the
notion of ownership and rights of any nation or corporation to exploit and exhaust
for short-term gain for the few the Earth’s resources that are sustaining elements of
the Earth itself, the home for @// its inhabitants in the present and into the future.
If we remain blind to that clause of environmental justice and continue with our
assaults instead, will the Earth be compelled to be the ultimate judge in its own
defence?

Either way, these are critical questions and an urgent call for building a new
foundation for sustainability.

The transition is a process, but a process that will require us to act with the
utmost urgency, in every possible way. It will not be easy. But the challenges,
complexities, costs, even sacrifices that are inevitable to the transitional process are
minimal compared to the economic costs and other consequences of not making
the transition. The British government reports projection that global warming
could cost the world economies up to 20 per cent of their gross national product,
alarming as it is, still reflects merely a fraction of the total cost. Despite all the mis-
education, brainwashing, confusion, denial, Big Oil manipulation and weapon
industry propaganda, the truth about the critical consequences of climate change
in Al Gore’s An Inconvenient Truth is increasingly inescapable, and far worse than
anything measurable by a loss of GNPs.*

Maximizing the use of renewables while conserving and utilizing the
nonrenewables with the utmost efficiency and as transitional fuels (with a moratorium
on further entrenchment into the nonrenewable path) is the key to the transition.
Every individual, community, national and international action counts. The diverse
nature of the renewable energy technologies offers enormous possibilities for such
actions, anywhere in the world.

Just as importanty, we will need all the people with their expertise in the
conventional energy technologies to participate in, and even guide, the transitional
process. The conventional power plants will still need to be operated and maintained
efficiently while they are still in operation and energy services have to be delivered
reliably, combined with proactive and collaborative steps towards the transition.
The transition will mean not mere unemployment of those expertises; rather,
transformation and renewal of these expertises into essential contributors in the vital
transformation of the economy towards sustainability.

Contrary to a common misconception, the renewable energy path is not about
giving up a lifestyle. Instead, it is about giving up an unsustainable ‘deathstyle’
while renewing a lifestyle which can be sustained through generations. It is about
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choosing to live a life beyond instant gratification, over consumption, waste, short-
sighted pursuits and a compartmentalized existence and regaining our essential
interconnectedness, responsibility, wholeness and sanity. It is about learning to
live more simply and richly with available resources with fulfilment, equitability,
universality and the abundance of the renewability of resources. It is about giving
up reinforcing the growing forces of destruction which, sometimes violently, and
most of the times cancerously, take away from us the very best achievements of our
past and present, and the achievements lying ahead in our future. What we have to
give up is what is not going to be possible to hold on to much longer anyway, and
will lead us to nowhere but dead ends. And it is about saving ourselves and other
species from the growing threat of a depleted Earth, poisoned air-water-soil, global
warming, acid rain and nuclear contamination. And it is about not having to go to
war over oil.

What we need is a breath of life into our failing life-support systems that are
rapidly running out of fuel and poisoning and destroying our ecosphere as well. The
Sun has breathed life into these systems for billions of years. If we allow ourselves to
receive it, it will do so for billions of years to come. The Sun continues to shine upon
us: we can either keep our eyes closed — even while facing it — and pretend that it’s
dark, or we can open our eyes and see the light.

Ultimately, it’s a moral challenge that we face. It is about the values which we
want to live by, and the choices we make. And no choice is more crucial than the
choice of the energy path in determining the future we are going to face. It is a choice
we face — now!
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The Renewable Revolution:
Turning Vision into Action

I'm ten years old and very worried about our environment. I wish I could
feel free to breathe the air I do breathe, swim in the water I do swim in, look
at the ugly, diseased, or burnt trees that were once beautiful. I sometimes
wonder if you really do anything about it? Why, and you ask what do you
mean why? Well, I mean, why just stand (or sit) there reading my letter!! DO
SOMETHING! A concerned fourth grader, Kristie Sue Houch'

We have less than 10 years to halt the global rise in greenhouse gas emissions
if we are to avoid catastrophic consequences for people and the planet. It is,
simply, the greatest collective challenge we face as a human family.

United Nations Secretary General Ban Ki-moon?

Now that you're here,

The word of the Lorax seems perfectly clear.

UNLESS someone like you

cares a whole awful lot,

nothing is going to get better.

It5 not. Dr Seuss, 7he Lorax®

Half a century ago, in 7he Coming Age of Solar Energy, D. S. Halacy wrote: As we
stand on the threshold of the age of solar energy, a new age of plenty made possible
by this most “noble” form of energy, how fortunate it is that “none are hid from his
heat.”*

Voicing the optimism of the ‘Alternative Energy Movement of the 1970s in Rays
of Hope, Denis Hayes wrote:

The world has begun another great energy transition. In the past, such trans-
formations have always produced far-reaching social change. For example, the
substitution of coal for wood and wind in Europe accelerated and refashioned
the industrial revolution. Later, the shift to petroleum altered the nature of
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travel, shrinking the planet and completely restructuring its cities. The com-
ing energy transition [to the renewable path] can be counted upon to reshape
tomorrow’s world. Moreover, the quantity of energy available may, in the long
run, prove much less important than where and how this energy is obtained.

Earth Day was first celebrated in 1970. Hayes was one of its founders and also the
chair of Earth Day 2000. Energy continues to be a main topic on Earth Day, which
is now celebrated annually around the world, in nearly 150 countries, by millions of
people. From the Earth Summit in Rio in 1992 to the G8 Summit in Tokyo in 2008
to the G20 Summit in London and the UN’s Climate Conference in Copenhagen
in 2009, and practically in all the major international conferences held during this
period, energy has been a main topic. A growing concern about climate change has
fuelled repeated discussions and debates over the need to establish goals for curbing
CO, emissions and generating energy from renewable sources.

Around the world, conferences and forums on renewable energy are part of
the annual routine. Many grassroots organizations have been formed around
renewable energy issues. Many traditional organizations and institutions have
adopted renewable energy programmes. Schools, colleges, universities and informal
educational centres offer programmes and courses on renewable energy and other
environmental subjects. A wide variety of educational and technological resources
are now available to the public. An impressive variety of research has been conducted
and documented. Books and articles have been published. Exciting projects utilizing
a variety of renewable energy technologies have been successfully implemented.
Unquestionably, there is a growing public awareness of and increase in public activity
on renewable energy issues.

So, this much appreciation is well-deserved: these developments have indeed set
in motion a transition to the renewable path. Going ‘green’, which almost always
bears an implication for energy consumption, has gained a sudden, even dramatic,
respectability within the last couple of years. But it is also obvious that the transition
has not been fast enough to prevent us from getting more deeply entrenched in the
nonrenewable path. The critical factor in our race to reverse the collapsing trend
remains the urgency of action. So, we might ask, what would it take to inspire such
actions to get over the barriers and to expedite such a fundamental transition? What
would bring about that revolution?

Turning vision into action

Richard Buckminster Fuller said it well: “You never change something by fighting
the existing reality. To change something, build a new model that makes the exist-
ing model obsolete.” Nothing will fuel that new model of reality, the vision of a
sustainable and peaceable world, better than the revolutionary potential of renewable
energy options.

In radical contrast to the nonrenewable energy systems, which are large,
centralized and industry driven and controlled, the nature and scope of the renewable
energy systems lie in diversity and choices. Most importantly, at its heart is the role of
people, individually or collectively, to initiate, to choose, to act. Education is the key.
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What follows, therefore, is not a centrally dictated or comprehensive list of
things that need to be done. The incredible range of possibilities even defies such
an attempt. Also, that would undermine the new and creative ways that people can
act, individually and collectively, to move us all along a sustainable path. Rather,
these are some inspiring examples and opportunities — just a glimpse — of concrete
ways that individuals, communities, businesses, utilities, industries, educational
and religious institutions, foundations, governments and non-governmental
organizations (NGOs), from grassroots to international levels, can act, building up
an infrastructure upon which the transition can flourish, upon which the vision of a
sustainable and peaceful future can become a reality.

Conservation and efficiency

Who would argue against comfort and entertainment? After all, aren’t these desirable
aspects of what we would consider the ‘good life’ and a ‘higher standard of living’?
But it is a different story when the endless variety of consumer products which are
supposed to comfort and entertain us begin to deplete Mother Earth’s life-sustaining
elements, bury her under their heaping wastes and poison her ecosphere on which
we all depend. That is also such a waste of energy, across the production through
disposal chain, a drain on the economy and, no less critical, a poisoning of our chil-
dren’s future. It is futile to talk about a transition to sustainability without emphasiz-
ing the necessity for conservation and efficiency, whether we are getting our energy
from renewable or nonrenewable sources. Conservation, efficiency and renewables
are fundamental to the transition to a sustainable future. They must go hand in hand,
weighing the balance carefully so we can move beyond ‘keeping the wolf away from
the door for a bit longer’ and actually transition to a renewable energy path.

There are many opportunities to conserve and use energy more efficiently in our
daily life. Here are a few:

Use lighting, heating and cooling devices as selectively as possible. Open the
shade or pull back the curtain before opting for the light switch. Shut off the light
when it is not needed and turn off the TV when nobody’s watching it. Paint the
interior walls with light-reflecting colours, rather than light-absorbing colours, and
save on wattage and the electric bill.

Add to this some of the energy-efficient products. ‘Change a light bulb to save
the world’, along with a photo of a spiralling light bulb, have become a slogan and a
symbol of going ‘green’. Well, it may take more than that, but it’s a good start. One
18-watt compact fluorescent energy efficient bulb gives out the equivalent light of
a 75-watt incandescent bulb. It will last for 10,000 hours, compared to the 1000-
hour life of the incandescent. It costs under $3. Some utility companies offer energy
audits and rebates, and some environmental organizations sell efficient fixtures for a
discounted price. According to Amory Lovins, a physicist and foremost advocate of
renewable energy, replacing a 75-watt incandescent with a single 18-watt compact
fluorescent over its life can save the electricity a typical US power plant would make
from 350kg (7701b) of coal. As a result, about 907kg (20001b) of CO,, 9kg (201b)
of sulphur dioxide, which cause acid rain, and varying amounts of other pollutants
would not be released into the atmosphere. O, if electricity was being generated by
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nuclear power, it would cut down the production of half a curie of strontium-90
and cesium-137 (two high-level waste components) and about 25 milligrams of
plutonium — about equivalent in explosive power to 386kg (8501b) of TNT, or in
radioactivity, if uniformly distributed into the lungs, to about 2000 cancer causing
doses.®

At some point, even the long-lasting bulbs will burn out. Make sure to dispose of
them safely. On the whole, the energy-eflicient bulbs are more advantageous than the
conventional incandescent bulbs. But they contain mercury and must not be dumped
as regular garbage. Some cities, states, municipalities, environmental organizations
and stores — especially the ones selling them — have programmes or sites for collecting
toxic wastes, which will accept burnt out energy-efficient bulbs. If there is not such a
programme in your community, ask for one or initiate one.

European and Japanese appliances, such as refrigerators, dishwashers, stoves,
washers and dryers, have been known for their efficiency and durability. US
appliances have been known for energy guzzling and planned obsolescence. Some
changes are transpiring, however. ‘Energy Star’ rated appliances are more efficient
and cost-effective over the life of the appliances. Look for that label when you go
appliance shopping.

If you need to carry drinking water, use reusable glass bottles. Plastic bottles
take a lot of energy to manufacture and transport, contribute to global warming
during bottle production and create waste through disposal. On 8 July 2007, an
ABC News segment, ‘Bottled Water, Wasted Energy?’, announced that in the US
alone, 30 billion empty plastic water bottles are thrown away annually — enough
to circle the Earth 150 times — and 4 out of 5 of these end up in landfills. Some
cities — Minneapolis, MN (proposed), Ann Arbor, MI, San Francisco, CA, and Salt
Lake City, UT — are banning the use of public money to buy bottled water and some
restaurants are serving tap water instead of bottled water to their customers. Most
customers are comfortable with restaurants ‘doing the right thing’. So, wherever you
are in the world, demand that your municipalities or water departments supply you
with clean water so you do not have to play into the hands of the highly profit-driven
and mushrooming worldwide water-bottle industry. Tap water costs a fraction of the
cost of bottled water. If necessary, you can add a filter to your tap for drinking water,
both for use at home and carrying it with you in a glass bottle. There’s also a growing
concern that some chemicals, like Bisphenol A, commonly used to strengthen the
plastic, may leach into the bottled water, then pass into the human body. So, rethink
using plastic bottles.

Minimize packaging and buying packaged products. Not only does it take energy
to manufacture packaging materials, polluting the environment at the same time,
fancy packaging for many items costs more than the items themselves. And most of
the fancy packaging ends up in the garbage in no time, anyway. Garbage consumes
energy, money and other resources for its production and disposal, demanding
landfills and incinerators. Wrap gifts by reusing wrapping paper or newspaper. If
youre giving a book as a gift, and can deliver it directly, what wrapping is more
attractive than the look of the book cover, anyway?

Looking at some of the food packaging, even of organic and natural foods (which
Im all for), I feel concerned that if the food doesn’t kill us, the packaging will.
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Whenever possible, buy locally grown fresh organic food — unpackaged, in bulk,
in reusable bags or containers. It is good for your health and the soil. It minimizes
transportation costs, energy consumption and greenhouse gas emissions. For the very
same reasons, one may take a fresh look at the benefits of vegetarian and vegan diets
over a meat diet — aggressively propagandized by the livestock industry, the latter is
highly energy-intensive to produce, market, transport and, as more and more people
are coming to realize, not good for one’s health.

Buy toys without batteries, or buy solar toys. Millions of batteries are dumped
every year from battery-guzzling toys. Use rechargeable batteries. Revive wind-up
toys from their near extinction.

A well-insulated home or building conserves energy and saves money. Wear a
sweater before upping the thermostat. Use fans instead of air conditioners. Open
the window before turning on the fan. Whenever possible, share a home with more
members and join a car pool. Support and ride on public transportation. If you
need a car only occasionally, join an organization like “Zipcar’, an international
membership-based car-sharing company providing automobile rental to its members,
billable by the hour or day.” Ride a bike or simply walk. Such conservation measures
are good economics as well as good for the health.

Think also about computers, monitors, video games, cell phones and TVs. As
these electronic devices multiply in number and are discarded with greater frequency,
only to be replaced by the latest models, many of them end up in landfills.® These
contain mercury, lead, arsenic and others toxins, which contaminate land and water
tables. In developing countries around the world, men, women, even children, with
bare hands and no gloves or masks salvage whatever they can — plastics, metals,
glass, microchips — from this hi-tech e-trash for pennies a day. Recycling policies and
programmes are growing around the world, but their pace and number amount to
a band-aid over a fast spreading cancerous wound. Illegal dumping is rampant. We
have been so quickly drawn into — even addicted to (with the percentage growing
among children) — these electronic devices, focusing on their benefits, that we tend
to overlook the harmfulness of their toxic legacy. So, on the Reduce-Reuse-Recycle
path, insist on the first. ICll conserve energy, protect human health, and heal the
environment and the Earth.

The fuel-efficient car is yet another example. Amory and Hunter Lovins offered
prophetic advice years ago: ‘Improving America’s 19-mile-per-gallon houschold
vehicle fleet by three miles per gallon could replace US imports of oil from Iraq and
Kuwait. Another nine miles per gallon would end the need for any oil from the Persian
Gulf and, according to the Department of Energy, would cut the cost of driving to
well below pre-crisis levels without sacrificing performance.”” Imagine what could
have been avoided if Detroit took the advice, or if the lawmakers in Washington
acted on it with some regulatory standards. The industry would probably be still
moving on its own without the costly and dubious solution of an external stimulus.

Emissions from cars, buses and other road vehicles are the major contributors to
both climate change and ground pollution, and constitute the most serious pollution
factor around the world. Per gallon of gasoline burned, cars spew out 9kg (201b) of
carbon dioxide (CO,) — the main contributor to climate change — into the atmosphere.
The 1990s began with the transportation sector accounting for about one-third of
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the CO, emissions in the US and one-tenth of CO, emissions globally — nearly 1.7
billion tons. Vehicles also emit pollutants such as nitrogen oxides (NO ) and reactive
hydrocarbons (HCs) which cause smog in the lower atmosphere, or troposphere.
Worsening this condition, the fuel-efficiency standards actually backslid during the
1990s for almost a decade while an increasing number of bigger gas-guzzlers (like
the SUVs) kept infesting the roads. Around the world, the number of cars and other
vehicles multiplied.

Thanks especially to skyrocketing gas prices in 2008, the demand for fuel-
efficient cars began to grow. Hondas and Toyotas look more attractive each day. The
demand for their electric-gas hybrid models, led by Toyota Prius (48mpg city, 45mpg
highway, for the 2009 model, Environmental Protection Agency [EPA] estimate) and
Honda Civic (40mpg city, 45mpg highway, for the 2009 model, EPA estimate), also
featuring special pollution control measures, was at an all-time high until dipping
slightly when the current recession hit. Hopefully, with economic recovery, fuel-
efficient vehicles will continue to make a lasting impact on the direction of the auto
industry as a whole. A growing number of other car-makers are putting out energy-
efficient and hybrid models. Add to this trend the exciting prospect of electric cars
charged by renewables.

All these measures are certainly positive steps toward fighting climate change
and ground pollution. But we cannot stop there. As critical as climate change and
ground pollution are, these are only two of the problems related to transportation.
In a growing number of cities around the world, it is faster to go from one place
to another by foot than by car — while, of course, nearly choking from exhaust
fumes. According to a study released in September 2003 by the Texas Transportation
Institute at Texas A&M University, Americans spend 3.5 billion hours a year stuck
in traffic. People allocate more and more of their travel time to idling or sluggishly
moving through traffic jams than driving. It is costly, too. The study found that
5.7 billion gallons of fuel are wasted in traffic jams annually, costing motorists an
estimated $8 billion. Despite new road construction and mass transit alternatives,
traffic jams are a daily experience for many.

However pseudo-romanticized by the barrage of car commercials, at an
accelerated speed, the car ideology is driving people to dead-end roads. But this life-
on-wheels does not merely strap people inside their cars, it also makes it increasingly
difficult to get out of them: think about parking — the daily frustrating and costly
urban hunting ritual for a little space in a car-infested landscape. We must address
traffic jams before, literally, we get so stuck in them that it becomes nearly impossible
to get out of them.

It is not just the cars; we must question the ‘car culture’ itself. Once meant to be
a mere means of transportation, cars have become the Sacred Cows of the modern
industrial society — no less venerable, and more worshipped than criticized. The
current economic crisis has pushed the global demand for cars to an all-time low. Of
course, we all hope that the economy recovers, and recovers quickly. The question is,
will the car culture change if that happens? There is no guarantee. Human psychology
teaches us that forced deprivation (caused by economic forces in this case) tends
to actually fuel the attraction for the deprived object, and the consumption habits
and values return quickly as the forces are lessened or lifted. Other forces are in
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the works. India’s Tata Motors just launched its first fleet of the ‘Nano’, the world’s
cheapest car. Priced under US $2000, it is nicknamed the ‘People’s Car’. The demand
for it has already far exceeded the first line of production. Tata Motors has on the
drawing board similarly competitive models with slightly higher prices and higher
emission standards for the European and US markets.!® China is not sitting idle,
cither. The enormously costly auto industry bailout in the US is focused on making
the car culture more palatable, instead of transforming it in a fundamental way
through developing alternative options, such as public transportation, which would
effectively minimize the need for cars and meet transportation needs in a socially,
environmentally and economically responsible way.

Is life without (or with a minimal use of) cars possible? Among the few who offer
a radical perspective on this issue are Ivan Illich, in his Energy and Equity,'" and Jane
Holez Kay, in her Asphalt Nation.** The books provide an understanding of how the
powerful auto industry systematically and ideologically fuelled our dependency on
cars, which also led to co-opting public spaces, dominating the natural landscape
with roads and parking lots, discouraging the natural human ability of walking and
non-motorized biking, and sabotaging public transportation. It has done so at the
public’s expense, and to such excess that its own weight is now causing the industry
to succumb under it. And the auto industry still has a powerful enough grip on the
political administration — and the cultural psyche — to try to revive itself through
even more public expense.

The car culture is spreading globally. The economic crisis can slow its pace, at
least temporarily, but not transform it. What will transform it is our concerted
effort at every level to promote education and awareness about this critical issue,
re-evaluating the car culture, which can then lead to action at every level. The crisis,
therefore, is also an opportunity. Lewis Mumford (1895-1990), the great American
social philosopher and critic of reckless modernization, advised well: ‘Restore human
legs as a means of travel. Pedestrians rely on food for fuel and need no special parking
facilities.*?

How about trying living in the dark? Or at least, with essential lights only? On
Saturday, 20 October 2007, San Francisco looked darker than usual from 8:00 to 9:00
p.m. Lights Out San Francisco, a community-based grassroots initiative, organized
the educational and conservation event to voluntarily turn off all nonessential
lights for the hour. The participants included such landmarks and buildings like
the Golden Gate Bridge, Transamerica Pyramid, City Hall, Coit Tower, Bay Bridge,
Palace of Fine Arts and many other institutions, businesses and residents. Nate Tyler,
executive director of Lights Out San Francisco, got the idea from Earth Hour in
Australia. On 31 March 2007, Sydney went dark for an hour from 7:30 to 8:30
p.m., with participation from over 2.2 million people. This saved 10.2 per cent of
energy, representing a reduction of 24.86 tons of CO,, equivalent to taking 48,613
cars off the road for an hour. Lights Out San Francisco estimates an energy saving of
15 per cent. The organizers also gave away 100,000 compact fluorescent light bulbs,
donated by Pacific Gas & Electric Co., so the energy savings and carbon reduction
would continue past the event.

Encouraged by the success, the organizers have taken the initiative to a global
level. On Saturday, 28 March 2009, at 8:30 p.m. local time in nearly 4000 cities in
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over 80 countries around the world — Australia, Brazil, Canada, Chile, China, France,
Greece, Hong Kong, India, Indonesia, Japan, New Zealand, Peru, Rome, Russia,
Sweden, Switzerland, Thailand, the UK, the US, Vietham and others — almost a
billion people were mobilized to observe ‘Earth Hour 2009’ by turning off lights
in homes, office buildings and landmarks for one hour. The campaign slogan ‘Fight
climate change with the flip of a switch!” is catching on. Its message is for year-round
conservation of energy. The invitation to participate is open.'*

We can start by doing simple things in our everyday life. Look for books like 50
Simple Things You Can Do 1o Save The Earth," 50 Simple Things Kids Can Do To Save
The Earth,'® Save Our Planet: 750 Everyday Ways You Can Help Clean Up the Earth,"”
Design for a Livable Planet,'® Consumer’s Guide to Effective Environmental Choices”
and 7he Green Book: The Everyday Guide to Saving the Planet One Simple Step at a
Time.* These books speak to us today more than ever before. We can always put
together our own list of actions.

So, much can be achieved through conservation and efficiency. In myriad ways, in
our daily lives each of us can act toward these goals. They add up. Conservation and
efficiency not only cut down on depleting nonrenewables, they also reduce the size
requirements and expense of renewable energy technologies. Dan Reicher, Director
of Climate Change and Energy Initatives at Google.org, in his testimony before
the Congressional Joint Economic Committee on 30 July 2008 cited a McKinsey
and Company study, saying, ‘that additional investments of $170 billion annually
for the next thirteen years would be sufficient to capture the energy productivity
opportunity identified in the 2007 report — i.e. cutting projected global demand by
2020 by at least half’. It calls for a global policy and every effort must be made to
achieve it.

An initiative can be taken, and the benefit can be felt, at the household level. A
conservation-conscious home with efficient light fixtures and appliances will need
a smaller PV or other renewable energy system to meet its electricity needs, saving
money on the utility bill as well. Such achievable individual steps, adding up to a
massive scale and fuelling the power of the people, will influence the political will —
to make policies and act on them — building a bridge to the transition. Let’s take this
household equation to community, national and global levels. And to conservation
and efficiency, let’s now add a third required element to expedite the transition:
renewable energy education for action.

Renewable energy education for action

On the possibility of transition to the renewable energy path, the best news under
the Sun are the many ingenious breakthroughs — both in developments and ap-
plications — the renewable energy technologies have experienced over the years. But
so entrenched have we become in the nonrenewable path, and so unfavourable has
the politics, and thereby the mainstream media, been to these developments, that
public knowledge of the down-to-earth revolutionary possibilities of renewable en-
ergy technologies has been severely lagging. Education is the bridge. Concerns over
skyrocketing fuel prices, climate change and energy wars are certainly prompting us
to build the bridge. What we need to do, therefore, is to expedite the educational
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process with the utmost urgency, around the world, through every possible channel,
and into actions. The goal is a powerful synthesis of education and action. Nothing
is more frustrating than being aware of something but not being able to act on it.
Powerlessness breeds denial. Turning it around — nothing beats the power and po-
tency of mass education which is intentionally geared for action in bringing about
a social transformation. The nature of renewable energy technologies is inherently
attuned to that kind of synthesis of education and action.

Empower people

One of the revolutionary features of renewable energy technologies is that many of
the systems can be designed and implemented both on personal and community
scales. Anywhere in the world one can set up a personal little electricity generat-
ing station with photovoltaics or a wind turbine or a micro hydroelectric system,
depending on the available power source. One cannot do that with nuclear power or
fossil fuel-powered plants. Just the same, a community can choose to set up a larger
renewable energy power plant for the entire community. Whether in urban, subur-
ban or rural settings, a community can implement renewable energy projects with
a variety of systems and sizes, matching the need and the nature of the community.
These can be ‘stand-alone’ systems, independent and completely under the user’s
control, or ‘grid-connected’ hybrid systems, connected to the power grid. For what-
ever amount of electricity is generated through a grid-connected system, the owner is
also the generator and seller of energy to the grid. Now the owner’s utility bill is cal-
culated by subtracting the amount of energy generated through the system from the
total amount of energy used by the owner. The transaction is called ‘net metering’.
In effect, a grid-connected system runs the owner’s meter backwards for the amount
of energy generated. Currently, at least 36 states in the US permit net metering.
Because the electricity is generated at decentralized sites, the process is called ‘distrib-
uted generation’. It adds capacity to the utility grid. Blackouts take notice! With an
increasingly scarce and insecure power supply from conventional sources, distributed
generation through renewable sources is a secure advantage which both the owners
and utilities can count on. That is a radical departure from the conventional ways of
generating and distributing energy from a centralized and utility-controlled power
plant. Don’t underestimate what this radical transformation of power — however
small in scale — can add up to. Every candle can light another candle. Likewise, let
each of the small solar electric systems inspire another solar electric system. . .and
another. . .and another. Imagine the possibilities!

People pay for what they value

Knowing what the options are, and what each option means, some people even
choose to pay a little extra for their ‘green power’. Just as solar options were becom-
ing available to customers, years ago Jonathan and Shirley Robinson chose to pay
an extra $4 per month for the grid-connected PV system installed on their roof as
part of the PV pioneer programme run by Sacramento Municipal Utility District,
California (SMUD).*!
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In Michigan, customers voluntarily chose to pay extra to share the cost of the
electricity generated by a 600kW wind turbine erected by Traverse City Light and
Power, a municipal utility.”

In 2008, Boston’s Logan International Airport installed 20 utility-connected
wind turbines, 1kW each, to meet the equivalent of 2 to 3 per cent of the energy
needs of the airport’s Logan Office Center. It cost $140,000. With a projected annual
saving of $12,000-15,000 on Logan’s energy bill and a ten-year payback period,
it is a wise economic decision — especially as the system will have another ten-year
warranted life, powered by free fuel. Siill, the projects main emphasis remains
on its environmental values. Sam Sleiman, director of capital programmes and
environmental affairs of the Massport Authority, which runs the airport, says, “We're
not doing it just for the payback. We're doing it for the environmental benefit and
the energy it’s going to produce.’?

It also reminds me of a conversation I had a few years ago with a rural cobbler
in Bangladesh who chose to install a small stand-alone PV system on his humble
two-room mud-thatch hut. His workplace was a mat at the foot of a tree in the
village’s open-air marketplace which did not need artificial lighting and his lighting
needs at home were minimal, adequately met through two kerosene lamps. Still
he decided to buy the PV system, made affordable through microcredit financing.
When I asked him about it, he answered that he was of course very pleased with the
better lighting, odour-free too, that the PV system provided. But most importantly,
he said: Tm a poor man. What makes me most happy is that the solar lamp helps the
environment and that 'm now able to do something good for my children’s future.’
This is what we refer to these days as leaving a smaller carbon footprint and caring
for our children’s future.

These examples tell us something about what we do everyday when we go shopping
for any number of things: a pair of shoes, a piece of furniture, a car, a home. We are
willing to pay for what we value, which can mean paying a lictle extra compared to
what we are used to paying, if we have the choice. Especially at this stage, the success
of the transition to the renewable energy path will have to be mainly value driven. It
certainly helps that the cost of renewable energy technologies is on a downward trend,
looking increasingly attractive against the conventional fuel bill. But to accelerate the
process, we need more. The good news is, like the Robinsons, the customers of wind
energy at Traverse City, Sam Sleiman of the Massport Authority and the cobbler in
Bangladesh, gradually people all over the world are beginning to see, from a holistic
perspective, the value of renewable energy beyond the price tag. To them, clean
energy, a healthy environment, a peaceful world, and a sustainable future which our
children and their children can look forward to are important, too. And it is worth
subsidizing the transition. In doing so we are also laying a new foundation for society
— a global society. We must build upon that foundation, urgently.
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Exposure educates, demonstration motivates,
success replicates success

Very few areas are as laden with scepticism, unfair discredits and misleading propa-
ganda by Big Oil and the nuclear industry as the area of renewable energy. A lot of
people still consider renewable energy technology to be an exotic fantasy of the fu-
ture, worry that lights will not come on when the Sun goes down, and, certainly, that
it is never going to be sufficient to meet our energy needs. You cannot blame them.
Big Oil and the nuclear industry spend billions of dollars to fuel the propaganda. On
the other hand, no matter what others say, nothing is more convincing than seeing
an example of something that actually works. So, demonstrate successful projects.
Be accurate, informative and uplifting, just like any effective campaign. Document,
evaluate and explain the steps, opportunities, advantages and barriers these projects
face both commonly and uniquely. Keep it simple, comprehensible and human.
Praise initiative, persistence and vision.

‘Solar Home Tours” began some years ago with only a few people opening up to
the public their renewable energy-powered homes — mostly by PV and solar hot water
systems. Repeated over the years, they have been gaining momentum, becoming
national annual events across the US. More and more homes open up and more and
more people join the tours. Along with the demonstration of solar energy systems, all
the fascinating human stories behind the personal and community-based initiatives
that come to life during the tours are simply fascinating and inspiring. It brings
to light the massive potential power of small-scale initiatives and actions. If one
were to investigate into large-scale projects that are happening around the US, even
around the world, it is amazing how one would see that the impetus behind some of
those projects is rooted in small-scale efforts — seeds from which they sprouted and
blossomed. They are more than case studies; they are human stories of vision and
action, as well.

Let’s look at the story behind Gardner, the ‘first solar electric neighborhood in
the world’. Gardner, a town about 80km west of Boston, Massachusetts, has long
been known as “The Furniture Capital of New England’. By the 1980s, the businesses
were not doing so well, the factories were closing or moving away, and the town
economy dwindled. For many long-time residents, it was hard just to hold on to
their homes. It was a perfect time for someone to reach out to the town with a
proposal that would help the town’s economic survival. The opportunity caught the
imagination of Joan Bok, the chairperson of New England Electric, the town’s utility
provider. She teamed up with Steven Strong, an engineer and president of Solar
Design Associates, who would design and coordinate the project. In addition to
providing free electricity to the participants, the project would also conduct research
on the reliability, variation in production of electricity during the year and effect
that a cluster of PV installations has on a single power distribution line. The findings
would also provide some invaluable understanding about the scope of grid-connected
systems, in general.

Steven Strong himself is an inspiring pioneer-activist in the renewable energy
field. While serving as an engineering consultant on the Alaskan pipeline during
the early 1970s he came to the realization that ‘going to the ends of the earth to
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find fossil fuel was only an interim measure, not the answer to our long-term energy
needs’. He returned from the project transformed by the experience and founded
Solar Design Associates, a design firm specializing in sustainable energy options,
primarily photovoltaic systems. Over the last 30 years, Solar Design Associates has
evolved into North America’s oldest, largest and most respected building design firm
dedicated to the artistic integration of solar energy in homes and buildings.** Steven
Strong’s book, 7he Solar Electric House, first published in 1987, remains one of the
best design manuals for home-scale photovoltaic systems on the market.”

A Gardner proposal was presented to the town’s people who embraced the project
that would, through net-metering, reduce their electricity bill according to the
amount of electricity generated by the PV systems on their individual roofs. By 1985,
2kW to 5kW grid-connected PV systems were installed on 30 homes, the Town Hall,
the library, a Burger King restaurant, a furniture outlet and a community college.
The Gardner solar electric neighbourhood was born. Research followed, including
one study supported by the Electric Power Research Institute (EPRI), headquartered
in Palo Alto, California. EPRI was interested in the results of the Gardner project
for possible applications throughout the nation. It sponsored research by Ascension
Technology, Inc. and New England Power Service Company, both of Massachusetts.
Presented at the 1989 Power Distribution Conference at the University of Texas at
Austin on 23 November 1989, the report declared the experiment a success.

Prompted by a lot of media coverage, especially during the early years of the
project, visitors flocked to it from around the world. I have had the pleasure of going
on a Solar Homes Tour to Gardner led by Steven Strong himself. Over the years,
I have gone there many times with my friends, family, students and visitors from
around the world, meeting and talking with the residents. Visitors from Japan and
Germany — the world’s top two producers of photovoltaic electricity today — visited
Gardner and were amazed by what they saw during the years when photovoltaic
technology was practically unknown in these countries. The ‘first solar electric
neighborhood in the world’ in Gardner is a success story, rooted in a vision, personal
initiative, care, action and persistence which has inspired many such projects both
within the country and around the world.

‘Going Solar’, a project of the Interstate Renewable Energy Council (IREC),
founded in 1982 as a nonprofit organization and headed by Jane Weissman, a pioneer
renewable energy policy expert, is an excellent audio-visual educational resource
kit that demonstrates — through examples of homes, schools and businesses — how
to build communities with solar energy. The IREC online newsletter itself is an
excellent source of information on new developments in the renewable energy field.*

‘Solar Boston’ was formed in 1999 as a partnership of community organizations
and solar energy companies to promote the use of renewable energy technologies in the
Greater Boston area by providing information and assistance to interested consumers.
It was initiated in response to a call for action by a few of us following a conference
we were attending on how to bring solar energy to communities. The conference,
‘Communities Going Solar’, was sponsored by IREC and the Massachusetts Division
of the US Department of Energy. The attendees came from all over the country. The
remarkably diverse Solar Boston partnership growing out of it included Boston Area
Solar Energy Association, Dudley Street Neighborhood Initiative, Episcopal Power
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and Light, Fenway Community Development Corporation, Heliotronics, Inc.,
Interstate Renewable Energy Council, Massachusetts Energy Consumers Alliance,
Solar Works, Inc., Tufts Climate Initiative, Wainright Bank and Trust Company, and
a solar consulting firm, Zapotec Energy.

The Solar Boston Steering Committee, made up of volunteer representatives
from the partnership organizations, met regularly for four years to plan and offer
services that included community outreach and education, consultation, technical
training, market development, project planning, financing and policy development.
It also included administering project funding by the Massachusetts Technology
Collaborative (MTC), the state agency which supports renewable energy installations
across Massachusetts with funds from the Massachusetts Renewable Energy Trust.
The committee was assisted by minimal staffing funded by the Department of
Energy’s Million Solar Roofs Initiative (MSRI), of which Solar Boston served as a
regional partner. As a result, the Greater Boston communities now have numerous
schools and homes with PV systems, mostly 2kW grid-connected systems, lighting
the way for more such installations. Also, Solar Boston conducted many workshops,
lectures and other events in a wide range of settings to educate the public about solar
energy. A Greater Boston solar energy infrastructure was established.

The funding for stafl assistance ended in 2004, but a great achievement of the
partnership was that by that time much of its functions had been internalized by
one of the partners, Massachusetts Energy Consumers Alliance (Mass Energy),
which also generously hosted Solar Boston over the years. A nonprofit oil consumers’
cooperative at the time of joining the Solar Boston partnership, Mass Energy has
evolved, under the leadership of its executive director, Larry Chretien, into a major
force behind renewable energy development in Massachusetts, offering an expanded
range of programmes and services.”

Additional good news is that Solar Boston was approached by the City of
Boston to lend its name and logo to the Solar City Strategic Partnership role in
the Solar America Initiative (SAI) Market Transformation. Solar America Initiative
is the refashioned name of the US Department of Energy’s Million Solar Roofs
Initiative, aimed at promoting renewable energy technologies, mainly photovoltaics
and solar thermal systems, across the country. The City of Boston’s proposal for the
SAI Partnership — as Solar Boston — has already gained support from MTC, utility
provider Keyspan, an anonymous foundation, IBEW Local 103 electrical workers
scheme and others. With the supportive network still growing, Solar Boston will
have an unprecedented opportunity to promote renewables throughout the city.
The City’s long-term goal for generating solar electricity is to increase the amount
of installed solar capacity from 0.5MW today to 25MW by 2015. The mayor of
Boston, Thomas Menino, says he would like to turn ‘Beantown into Greentown’.?®
I'm all for it!

The Solar Fenway Demonstration Program of the Solar Fenway Committee was
launched to educate people about renewable energy as well as to install some solar
systems in the Fenway, a Boston community with 40,000 people in 3.9km?. The
volunteer committee of community residents has been promoting renewable energy
through forums and workshops since 2002. In response, and in collaboration with
Solar Boston and the Fenway Community Development Corporation, a nonprofit
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community agency, the demonstration programme was conceived and subsequently
launched. The first installation took place in December 2005. It is a 2.4kW grid-
connected PV system installed at the Boston Arts Academy, a pilot high school.
The system generates about 2860kW hours of electricity for the school annually,
lowering the energy bill by that amount, and offsets about 1590kg (35001b) of CO,
emissions compared to electricity produced at coal-fired plants, a major cause of
global warming. The $26,000 system was jointly funded by the MTC, the Mission
Hill-Fenway Neighborhood Trust, the City of Boston, Boston Public Schools and
Solar Boston/Mass Energy Consumers Alliance. A mayoral inauguration took place
on 3 April 2006. It brought together community activists, state and city officials,
students, teachers and administrators, funders, installers and journalists in a grand
celebration of collaboration and action. And it is just the beginning. Students at the
school have continued to use this as an educational tool and, as part of their ‘Boston
Arts Academy Alternative Energy Project, have prepared and presented to the City
of Boston a plan to implement more renewables across the city!

In March 2007 the second installation of the Solar Fenway Demonstration
Program, a vertically mounted 1.5kW grid-connected PV system, took place
at Fenway Views, a condominium building with some affordable housing units
owned by the Fenway Community Development Corporation (Fenway CDC).
The system generates about 1790kW hours of electricity annually, reduces the
building’s energy bill by that amount, and offsets about 1000kg (2200Ib) of CO,
emissions. The $17,000 system was jointly funded by the Massachusetts Technology
Collaborative, Mission Hill-Fenway Neighborhood Trust, and the Fenway CDC. A
June inauguration followed by a keynote speech by Pulitzer journalist and author,
Ross Gelbspan.

The Fenway also prides itself on some of the other renewable energy systems
in the community. Northeastern University's Curry Student Center has a 26kW
grid-connected PV system. Installed in 1994, it is one of the pioneering initiatives
in Massachusetts and a leading solar installation by a university in the country.
While reducing the university’s electricity consumption from nonrenewables, the
90-module system also offsets 13.5 tons of CO, emissions into the air.” Genasun, a
West Fenway company offering energy system design services and distributing off-
grid PV systems, marine batteries and charge controllers, has a small PV module
installed above the entrance to its office/warchouse to generate electricity to test
batteries.’® In 2008, the Boston Red Sox’s Fenway Park stadium installed a solar hot
water system which supplies 37 per cent of its annual hot water needs and offsets 18
tons of CO, emissions.”’

A major leap in solar installations in the Fenway is in the works. The Fenway
Center, a huge $500 million complex of 330 apartments, 34,400m” of office space,
8,400m”* of stores and a 1290-space parking garage, situated over the turnpike by
the side of Fenway Park, is scheduled to begin the first phase of its development
in the summer of 2010. It will include a 650kW, 1200-module solar array PV
system, generating electricity equivalent to all the power requirements of the Yawkey
commuter rail station and an additional 100 apartments located in the complex.
Once completed, it will be the largest solar facility in Massachusetts. John Rosenthal,
President of Meredith Management Corporation, the owner-developer of the
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complex, estimates that tax credits will allow him to recoup the solar installation
costs of $7.4 million in four years, followed by paying off the hardware costs with
the proceeds from the sale of electricity generated by the system in subsequent years.
Rosenthal’s decision to take on this project is rooted in his values as a long-time
environmental activist who was jailed three times in the late 1970s and 1980s for
protesting against nuclear power plants. “To leverage my business to produce green
power is a dream come true for me, he said to Casey Ross, a Boston Globe writer.
In the past Rosenthal founded two nonprofit corporations, Friends of Boston’s
Homeless and Stop Handgun Violence. To promote the use of renewable energy he
has recently launched his own power company, Here Comes the Sun LLC.*

The Solar Fenway Demonstration Program is having a positive effect. Interest
in solar is growing among community residents, business-owners, developers, and a
variety of educational and medical institutions which characterize the Fenway. The
success of the programme has also united Solar Fenway and the Fenway CDC in a
stronger partnership, with Solar Fenway now acting as a committee of the Fenway
CDC to advocate for solar projects in the community. The Solar Fenway committee
now also includes representatives from Husky Energy Action Team (HEAT).
HEAT is a student-organization at Northeastern University, committed to reducing
carbon footprints throughout the campus, including integrating renewable energy
technologies in the university buildings.”

Solar Fenway has initiated contacts with co-op and condominium owners,
Northeastern University, the Museum of Fine Arts, the Boston Red Sox, Boston
Latin School, McKinley School, developers and businesses in the Fenway, proposing
to integrate more solar into the community. The organization will continue to
contact others and looks forward to collaborating with the city, state and national
initiatives. The demonstration programme has taught some invaluable lessons. By
building on that experience, to accelerate more solar installations throughout the
community, Solar Fenway is gearing up to launch a Solar Community Pioneer
Project, the first solar community of Boston. The Solar Fenway brochure states as
its mission, ‘Turning the Vision of a Sustainable Community into Action!** The
revolutionary nature of renewable energy technology offers such options and power
to the people. People just have to act on it.

It inspires me to look at the 46W stand-alone PV system we installed in our home
in 1986. Sitting on the south-facing window sill of our fifth floor condominium unit
in the Fenway, with the battery box placed inside and under the window, it has been
supplying electricity for a room with two 15W fluorescent lights, a table lamp, a
small table fan and a record player diligently and reliably, around the year, for over
20 years! All T had to do was to replace the set of two interconnected 6V, deep-cycle
batteries twice. The room is also equipped with a variety of solar cookers — both
home-made and factory-made — well-used over the years. The PV system also has
the capacity to power our “Tulsi Hybrid’ solar cooker that can cook three ways, day
and night, year-round: by direct sunlight, being plugged into the regular houschold
current (110VAC), or by solar electricity from the PV system (12VDC converted to
110VAC through an inverter). Last but not least, the battery in our digital camera,
too, gets recharged by the PV system.
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Through all the tinkering and experiments I have conducted on this system, it
also humbles me to think how much this basic little system has taught me. It has
provided me with a prototype, as I have gone on to work on solar projects both in
our own community and around the world, resulting in thousands of installations
for all kinds of purposes. And it further confirms the power of demonstration to
think how the same system has inspired so many visitors, students and activists from
around the world who have passed through this room then gone on to pursue their
solar mission.

I do not know if there is any other home in the world which has so successfully
demonstrated the value and practicality of solar living than the home of Bill and
Debbi Lord in Kennebunkport, Maine. Designed by none other than Steven Strong,
the 256m? residence with two bedrooms, two-and-a-half baths, living room, kitchen,
entertainment room and computer loft integrates a range of sustainable features.
Covering the south facing roof, it has a 4.2kW, 36m? grid-connected PV system
and a 45m? solar thermal collector to heat water, to be stored in two 500-gallon
tanks inside the house. For 15 years the Lord’s home, despite Maine’s harsh and cold
winters and modest New England solar resources, has produced its own electricity,
heat and hot water from the Sun. Year after year they have generously opened their
home for Solar Home Tours and throughout the year welcomed visitors of all ages
from around the world. It has been featured in countless magazines, television shows
and documentaries. The ‘Maine Solar House’, as it has come to be known, even has its
own website. On 1 February 2010, its visitor count was 1,376,452, and counting!®

In Chicago, people can tour the city’s museums not only for what is exhibited
inside them, but also what sits on them. As part of the Solar Museum project, seven
Chicago museums — the Art Institute of Chicago, the Museum of Science and
Industry, the Mexican Fine Arts Center Museum, the DuSable Museum of African
American History, the Chicago Historical Society, the Peggy Notebaert Nature
Museum and the Field Museum — have installed grid-connected PV systems on
their roofs.* To live their mission of preserving and exhibiting art and other objects
indefinitely museums will continue to need energy. There is no better guarantor of
that than the Sun!

Businesses are going solar. B]’s Wholesale Club, a massive consumer goods chain,
has installed utility-interactive PV systems in three of its locations in Massachusetts,
Rhode Island and Pennsylvania, generating a total of 108kW of electricity. Walmart
stores and Applebee’s restaurants have installed PV systems at some of their branches.
Whole Foods Market, the world’s leading natural and organic foods supermarket,
which started off by installing PV systems in some of its stores in sunny California,
now has a PV system at its distribution centre in Cheshire, Connecticut. The project
partners, Whole Foods Market, the Connecticut Clean Energy Fund (CCEF),
created by the Connecticut General Assembly to promote development and
commercialization of clean energy technologies, and SunEdison, which consults,
installs, finances, delivers and manages solar-generated electricity with no upfront
capital costs at or below current retail rates to commercial, governmental and
institutional grid-connected clients, held a dedication ceremony on 5 September
2006, unveiling the 121kW rooftop PV system that will supply 10 per cent of
the facility’s total energy annually. In addition, the system will offset 65 tons of
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greenhouse gas emissions each year. On 16 January 2007, New England’s largest PV
installation was unveiled at the office product company Staple’s distribution centre
in Killingly, Connecticut. Built in partnership with the CCEF and SunEdison, the
433kW system covers 6875m? of roof space of the 27,870m? distribution centre and
has the capacity to produce enough energy to meet 14 per cent of the centre’s energy
needs. In October 2006 Google announced it will install a 1.6MW PV system at its
Mountain View headquarters near San Francisco. Scheduled for completion during
the spring of 2007, the system will generate about 30 per cent of the headquarters’
power. Apart from meeting its own energy needs, Google is deliberately making it
a demonstration project. “We hope corporate America is paying attention. We want
to see a lot of copycats of this project,” said David Radcliffe, the company’s vice
president of real estate, in USA Today.%’

The George Robert White Environmental Conservation Center of the Boston
Nature Center, a sanctuary and urban environmental education centre of the
Massachusetts Audubon Society, is a model of environmental sustainabilicy and
energy efficiency. The building includes PV roof shingles, pole-mounted PV
arrays, PV-powered street lights, a geothermal heat pump, a solar hot water system,
daylighting and energy-efficient features. The centre has also installed a Heliotronics
data-monitoring system with an interactive touch-screen kiosk to educate the public
about renewable energy technologies and efficiency.®®

Hull, a town 30km southwest of Boston Harbour, is the home of the Hull Wind
1 and Hull Wind 2 turbines. It is a success story that is blowing in the wind across the
coastal towns of Massachusetts. Hull Wind 1, a 660kW turbine, has been operating
here successfully since its installation in December 2001, generating 1,500,000kW
hours of electricity annually, enough to power 250 homes. The turnkey project, with
a life of 20 years or more and costing $700,000, was funded with accrued taxpayer
monies. It is installed at a site adjacent to Hull High School, where the townspeople
had installed a 40kW turbine in 1984. During the lifespan of this earlier turbine, until
1996, the Town of Hull saved $70,000. Operating superbly at this site, jutting out
into Boston Harbor and also referred to as “Windmill Point’, Hull Wind 1 generated
over 11.5 million kilowatt hours of electricity for the town by May 2009. Building
on its success story, in June 2006, Hull Municipal Light inaugurated Hull Wind
2, a 1.8MW turbine which can generate enough power for 750 homes, offsetting
3000 tons of CO, a year. In May 2009, Hull Wind 2 hit the 11 million kilowatt
hours mark of power generation. It has all been possible because a few townspeople
— including Malcolm Brown, a retired philosophy professor and Commissioner at
Hull Municipal Light, John McLeod, Operations Manager of Hull Municipal Light,
Andrew Stern, a hi-tech expert and consultant, and Anne Marcks, a teacher at Hull
High School — voluntarily united as Citizens for Alternative Renewable Energy
(CARE) to initiate the Hull Wind project in collaboration with Hull Municipal
Light.

Hull Wind tours are increasingly popular among visitors of all ages from near
and far. Standing under one of these tall turbines silently doing its job way up in the
air without interfering with whatever is going on around its base of just a few feet
in diameter on the ground below, or watching the turbines from a boat that takes
you around them as part of a tour, is an unforgettable experience. And the Hull
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Wind website — thanks especially to Andrew Stern and other volunteers — is updated
diligently and frequently, documenting the total kilowatt hours as the eleganty
spinning turbine blades keep cranking up the numbers.** At the 5,000,000kW hours
of Hull Wind 1 celebration on 5 March 2005, Malcolm Brown announced, ‘5 million
is good, 10 million is better!” Within a little over a year’s time, Hull Wind 2 was
inaugurated. CARE is already planning its next set of turbines and inspiring a vision
of a ‘string of pearls’ of wind turbines along the coastal towns and beyond! Four more
turbines are in the works. Not to be ignored, on 31 January 2007, Hull Wind also
installed a smaller 1.8kW ‘Skystream’ turbine, made by Southwest Windpower and
costing $12,000, which will generate enough electricity to power the town’s Weir
River Estuary Center, where visitors can learn about clean energy at the foot of the
turbine. As the ‘T Visited the Windmill in Hull, Mass’ button says: ‘HULL-E-LUIAP

The American and European Tour de Sol solar and electric car races, held
annually, are showing that there are alternative ways to power transportation.
One of their younger counterparts, the Junior Solar Sprint, is jointly sponsored
by the New England Sustainable Energy Association (NESEA), Boston Area Solar
Energy Association (BASEA) and MIT. Held annually on MIT’s running track
in Cambridge, it brings together students from Greater Boston middle schools to
show and race their model PV-powered cars. There were about 100 of those cars in
2008! Sometimes there is a lifesize solar electric car, such as a ‘Solectria, or a fully
functioning MIT PV-powered car — with PV cells covering its body — parked or
driven around the track to demonstrate that these fledgling models do have a future!

PV and solar thermal systems are demonstrating their appropriateness even
in countries that receive much less sunlight than most other regions in the world.
They are gaining momentum as supplementary sources in the energy mix, powering
roadside or railroad signals, individual homes and even entire communities. In
the UK, better known for London fog than sunlight, Beddington Zero Energy
Development (BedZED) shines brighty. It is the UK’ largest eco-friendly
community. Built in 2002 in Beddington, in the London borough of Sutton, it is
a community of 100 homes, plus shared facilities and workspace for 100 people.
With a range of ecological features, it is a model of sustainable living. Along with
several other energy conservation measures, BedZEd’s use of passive solar technology
for heating and photovoltaics for electricity speaks loudly for its goal to ‘create a
“net-zero fossil energy development”, one that will produce at least as much energy
from renewable sources as it consumes’. BedZED is a small community that is open
to the world. Visitors from all over the world are welcomed there to join one of the
regularly scheduled tours to experience what the organizers call ‘one planet living.*°

Vauban in Germany is called an ‘Energy-Surplus’ neighbourhood. Located 4km
south of Freiburg, Germany’s ‘greenest city’, and spread over 340,000m?, this carbon-
neutral community of 5000 people with privately owned multifamily residences,
co-ops, co-housing, affordable housing and a community centre is built on a former
French military base converted during 1990-2006. It features PV for electricity,
solar collectors for hot water, solar heating and cooling, a combined heat and power
station burning wood chips, recycling, organic gardening and food production,
biodigester, public transportation, bikes, pedestrian paths and shared spaces. And
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it is ‘car-frec’ in the sense that ownership of cars by anyone, and for any purpose, is
strictly limited, and so is allowing outside vehicles to enter the neighbourhood. With
roofs covered with PV arrays, ‘People make more money by selling electricity to the
grid than they pay for heat and hot water and electricity’, producing more energy
than they ever use!*!

The solar catamaran ‘sun21’, designed by MW-Line Switzerland, is a 14m boat
completely powered by a 65m* photovoltaic array, also serving as its roof. The boat
left Seville, Spain, in November 2006, on a 11,300km journey to arrive in New
York on 8 May 2007, to be greeted by a cheering crowd awed by the fantastic feat.
Sailing at the speed of 5 to 6 knots per hour, about the same as most yachts, causing
no noise, air or water pollution, it set the world record for transatlantic crossing
by a completely solar-powered boat. The catamaran ‘sun21’ is now in the Guinness
Book of World Records. There were five crew members: Mark Wiist, Michel Thonney,
Beat von Scarpatetti, David Senn and Martin Vosseler, all from Switzerland and all
deeply committed to working toward a more sustainable future. The purpose of the
courageous journey was to demonstrate to the world the great potential of renewable
energy. That they did!*

Martin Vosseler, 60, has continued his journey to promote solar energy in other
ways. A physician and the founder of the Physicians for Social Responsibility in
Switzerland, he devotes much of his time to this mission which he considers his
utmost priority. On 15 August 2008, shortly before noon, a group of us — friends,
officials from the Swiss consulate, curious pedestrians and a couple of journalists —
gathered at the intersection of the Boston Common and Commonwealth Avenue to
greet Martin, scheduled to arrive there at noon to complete a walk he started in Los
Angeles on 1 January. And he did arrive, Swiss time! With him was Claudio Beretta,
also Swiss and an undergraduate in environmental studies at the Eidgendossische
Technische Hochschule (ETH) in Ziirich, who joined Martin in Newark for the rest
of the walk to Boston. Martin was already inspiring the next generation! Wearing a
long sleeve blue T-shirt — boldly marked ‘SunWalk2008.com’ (now a discontinued
domain), a pair of khaki shorts, rugged sandals, and wheeling a duffle bag containing
all his belongings, he just completed a 3,333-mile (5364km), 6,666,666 step walk
through California, Arizona, New Mexico, Texas, Oklahoma, Arkansas, Tennessee,
Virginia, Washington, DC, Maryland, Pennsylvania, New Jersey, New York City,
Connecticut, and finally Massachusetts. Braving all kinds of weather, alongside the
highways running through dramatically changing landscapes, he kept on walking
for seven-and-a-half months. He made stops along the way to meet with local
environmental activists, students, teachers, artists, public officials, business-owners,
writers, interviewers, journalists — anyone who would like to host him for a night or
two or just listen to the message he is committed to spread: the Earth is running out
of nonrenewables, we are destroying the environment, poisoning ourselves, turning
to violence against each other. It is a dead-end road. But there’s hope. The solution,
Martin believes, lies with solar energy. “There’s enough Sun for all of us,” he says, as
he walks his talk.®

So, promote renewable energy any way you can. Take personal action. Use the
media: newspapers, magazines, posters, bumper stickers, billboards (lighted by PV?),
cereal boxes, T-shirts, TV, radio and internet. Power public events like Earth Day,
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Boston Solar Day and energy fairs with renewable energy. Organize more of these
kinds of events and, justas important, initiate activities where they are not happening,.
Organize solar tours. Implement demonstration projects in your community. Show
that renewable energy technologies are not just exotic technologies of the future.
They are here — to stay — successfully. Let’s build on that success!!

Affordability motivates action

Californians have led the way on the renewable path in the US. They seem to have
taken the challenge even more seriously since the energy crisis in 2001 which forced
the state’s economy to virtual bankruptcy, and caused countless stories of inconven-
ience and suffering. The result is showing in the surging popularity of renewables
since the crisis. In a survey conducted by Maryland Marketing Research, Inc. for the
California Energy Commission (CEC) Renewable Energy Program, more than 50
per cent of homeowners are willing to pay more for a home already equipped with
PV or wind technology. The survey also found more than 60 per cent of homeown-
ers would be more interested in a renewable-technology-fitted home versus a home
that is not. The blackout of August 2003 added more fuel to this motivation for
renewables.

However, when it comes to actually paying for renewable technology systems,
there is a real challenge for most homeowners. The challenge translates into having
to pay for years of electricity or heat all at once. That is a barrier even if the system
is cost-effective over time. The problem is similar to the one faced by an average
consumer shopping for a car, a refrigerator or a computer. If the customer had to
make the full payment right away out-of-pocket, chances are that such a purchase
would be prohibitive. So here comes the credit card or a bank loan — one of the
financing options which makes such conveniences affordable. Some banks have
pioneered special incentives toward renewable energy financing. GMAC (General
Motors Acceptance Corporation) began offering mortgage financing for solar homes
— renewable energy technology integrated homes — at a rate which is at or below the
commercial rate. Wainwright Bank in Massachusetts offers loans at a lower than
commercial interest rate for renewable-energy-related expenses. Some banks offer a
‘Green Mortgage’ to support energy-eflicient and solar-fitted homes. Ask your bank
to offer such loans; the market is growing.

The CEC’s Renewable Energy Program, which began in 1998, makes it even
easier, in line with its goal to foster the use of renewable energy and the development
of a competitive renewable energy market in California. Residents living in eligible
local publicly owned electric utility districts like Los Angeles Department of Water
and Power (LADWP) or Sacramento Municipal Utility District (SMUD) can qualify
for a Buydown Programme. For PV or wind systems of 10kW hours or less, the
Buydown Programme offers homeowners a $4.50 per watt subsidy or up to 50 per
cent of the total eligible system cost. Combined with other incentives like state
rebates, and federal and state tax credits, homeowners can lower the system cost even
further by about 10 to 15 per cent. All this has built an infrastructure which can
be tremendously expanded by — and, in turn, give a boost to — the California Solar
Initiative (CSI), signed by Governor Arnold Schwarzenegger in 2006. Through the
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$3.2 billion CSI programme, offering a variety of incentives, California has set a goal
to generate 3000MW of new, solar electricity by 2017.%

The Massachusetts Renewable Energy Trust (MRET), established by the state
legislature in 1997 and managed by the Massachusetts Technology Collaborative
(MTC), is geared up to promote the development and use of renewable energy in
the commonwealth. Through programmes like Green Buildings Initiative, Green
Schools Initiative, Solar to Market Initiative and Small Renewables Initiative,
MTC has provided funds to subsidize the cost of integrating energy efficiency and
renewable technologies in homes, businesses and schools in eligible areas. Funding
can be used for feasibility studies, design and construction, buydown of system costs
and education.

In January 2008, the administration of Governor Deval Patrick and MTC
launched ‘Commonwealth Solar’ to accelerate photovoltaic projects within the
commonwealth and spur growth of the Massachusetts solar industry. It provides
rebates through a non-competitive application process for the installation of PV
projects at residential, commercial, industrial and public facilities. It has $68 million
available for funding over four years, starting in 2008, to support an estimated
27MW of PV installations in Massachusetts.®

The programmes are gaining popularity and MTC intends to remain innovative
in its approach to programme development and funding options so it can reach a
wider spectrum of recipients.

These are just two examples of a range of state programmes being launched across
the country to promote market development and utilization of renewable energy.
Some local utilities, environmental organizations, foundations and banks, too, may
offer incentives and special financing options. Contractors and vendors of renewable
energy systems usually include this information in their marketing packages and
bids. They may also handle the paperwork related to obtaining the upfront subsidies,
simplifying the transaction for the customer, which itself is an incentive for customers
who may otherwise find the process uninviting.

The sunniest parts of the world are the developing countries and the vast majority
of people live in rural areas outside the reach of a grid. These are ideal sites for
PV systems. But the potential remains largely untapped. Instead, rural people in
developing countries are compelled to buy an expensive, hazardous and polluting
fuel like kerosene or diesel, both because that is what is available and because they can
buy and pay for it in small amounts on a daily basis. Even though a renewable option
may be cost-effective over time, any bigger upfront payment makes it unaffordable
for many. So, the real obstacle is not the total cost — they are paying much higher
costs for what they use; the obstacle is a lack of innovative financing options spread
over time which would make a system affordable now. Such financing options are
pivotal. Fortunately, there are some inspiring examples.

One of the pioneering examples of such a financing option was implemented by
the rural people of the Puerto Plata province of the Dominican Republic through
Enersol, a nonprofit co-op founded in 1984 by Richard Hansen, a former engineer
and manager at Westinghouse Electric Corporation, who has played a pioneering role
in bringing renewable energy technologies to several Central American countries.
The financing option through Enersol permitted matching the monthly payment
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toward paying off the system over a five-year period with the money saved from the
discontinuation of the customer’s kerosene expense. People were given the option
to pay off their system sooner if they wanted. The financing option has enabled the
villagers to install more than 10,000 PV systems since 1985, providing electricity for
avariety of needs for homes, businesses, community centres, farms, water purification
systems, factories and health clinics. The success has led to more innovative projects
and services, and Enersol has been integrated into Soluz, under the umbrella of
Global Transition Group, with Richard Hansen at the helm.“ Enersol’s legacy lives
as an inspiring story of a personal initiative and grassroots collaboration succeeding
in creating some of the world’s solar-powered communities!

In Bangladesh, the number of renewable energy programmes launched through
NGOs, governmental agencies and commercial enterprises has been growing rapidly
in recent years. Among the most notable ones on a massive scale is Grameen Shaki
(Rural Power) NGO, the renewable energy division of Grameen Bank, which is the
recipient — along with its founder and managing director, Professor Muhammad
Yunus — of the 2006 Nobel Peace Prize.*” Another is the Solar Energy Program for
Sustainable Development of BRAC, the largest and the most self-sustainable NGO
in the world.”® The programmes offer options for microcredit financing, in which
the two NGOs are world leaders. Rahimafrooz Solar, the solar product marketing
division of Rahimafrooz Batteries Ltd, also continues to play a major role in the
dissemination of photovoltaic systems through its collaboration with various NGOs
and programmes.*’ The country’s major battery supplier to solar systems, Rahimafrooz
has also launched a praiseworthy battery retrieval and recycle programme for the
protection of the environment. Between Grameen Shakti, BRAC, Rahimafrooz
Solar and several other NGOs, with partial World Bank support financed through
Infrastructure Development Company Limited (IDCOL), over 400,000 small
stand-alone PV systems have been installed at rural homes, health clinics, NGO
offices, shops, cyclone centres, community centres, restaurants and other places since
the late 1990s. Much of this success in their rapid expansion is due to the financing
options offered by the programmes.

Some of these programmes are setting global examples. In 2006, Grameen
Shakti and Rahimafrooz Batteries were awarded the prestigious Ashden Awards for
Sustainable Energy for ‘the central roles which they have played in delivering the
world’s most successful solar power programme bringing light and power to rural
people’. Grameen Shakti also received the ‘Eurosolar Prize’ in 2003 and the ‘Right
Livelihood Award’ (Alternative Nobel Prize) in 2007.

One of the most comprehensive renewable energy programmes in the world,
which includes an attractive package of financing and other incentives, has been
launched in India. It is a fine example of public-private partnership (PPP). Through
the country’s Ministry of New and Renewable Energy and its implementing agencies,
such as IREDA (Indian Renewable Energy Development Agency), India’s renewable
energy programme integrates PV, wind turbines, microhydros, solar thermal systems
for hot water, biogas plants, and biomass cogenerators and gasifiers. The programme
also includes incentives for more efficient traditional wood stoves, the Improved (or

Unnata) Chulhas.>
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Microcredit plays a vital role in making renewable energy systems affordable
around the world by helping to overcome one of the main barriers, the high upfront
cost. At the same time, pointing to the usual range of annual interest rates, 18 to
70 per cent, critics have raised the concern that such interest rates are too high. The
lenders usually justify it on the grounds of compensation for default risk and the
high cost of administering small loans and providing social-financial support services
which often accompany microcredit programmes. The issue, however, is still hotly
debated, calling for a fair hearing of both sides and examining those concerns. There
is also room for innovation in programme development, efficiency in operation and
equitable sharing of benefits. Therefore, to build an infrastructure for expanding
renewable energy technologies, as an integral dimension of a sustainable and just
economy, policymakers must address these microcredit lending issues by instituting
proper controls, support mechanisms and guidelines so that the professed values of
microcredit lending are realized. It is encouraging that these concerns are beginning
to be raised within the Micro Finance Institution (MFI) industry itself. They should
be brought to the forefront for greater public awareness and scrutiny, and acted upon
with the utmost urgency.”!

Incentives like financing options, rebates, subsidies, leasing and tax credits to
customers, through public and private sources, are growing around the world. But,
on the whole, these still lopsidedly favour nonrenewables — clearly discriminating
against renewables. The policies, therefore, must be revised to bring about fairness
and the equal treatment of options available to people and businesses. The incentives
must be drastically increased for renewables and decreased for nonrenewables. Only
this shift will lead to a neutral ground on which any future incentives can be fairly
discussed, selected and implemented.

Buy renewable energy credits

Let’s assume you do not or cannot generate renewable energy from a system of your
own. Can you still help with the transition? Yes, you can! Homeowners, renters,
apartment-dwellers, students living in dorms, institutions and corporations are
doing so across the country by purchasing renewable energy credits that support
energy production from renewable sources.

Here is an example of how the programme works. As a wind farm generates
electricity and injects it into the national grid — in addition to reducing the need
to generate electricity and reducing pollution compared to the same amount of
electricity generated from a fossil fuel-powered plant — it also generates one renewable
energy credit (REC) for every 1000kW hours. A range of renewable energy credit
suppliers — utilities, nonprofits, businesses — create a contract with the wind farm to
sell the credits to interested buyers. The supplier could be your own utility company
or a separate one. It adds a little extra to your energy bill, but this is a way to support
a cause you believe in. You can access many suppliers through the internet. Purchase
what you can afford — every bit counts.

Environmentally conscious businesses are among the major buyers of renewable
energy credits. In 2004, Colorado-based White Wave Foods, the maker of Silk
soymilk and the country’s largest soy foods manufacturer, became the largest American
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company to purchase wind energy credits for 100 per cent of its manufacturing
and operations needs. By 2008 the company’s purchase of renewable energy credits
reached the equivalent of offsetting more than 204 million kilograms of greenhouse
gas emissions annually or taking 40,200 cars off the road for one year.’* Whole Foods
offsets 100 per cent of its energy use in the US and Canada by purchasing over 500
million kilowatt hours of renewable energy credits from wind farms.>® The extra
expense of renewable energy credits is allowing these businesses not only to carry out
their social missions but also to attract socially conscious customers. It is good for the
business, good for the consumer and good for the planet.

Building green

There’s a similarity between the way building design and car design — particularly
American car design — evolved over the years. Energy guzzling cars were being de-
signed with little attention to fuel efficiency, if not downright shunning it. Likewise,
building designers or architects paid little attention to conservation and efficient use
of energy. Schools of architecture and engineering paid scant regard to these topics
in their curriculum offerings.

As in almost any situation, there were exceptions. More than 15 years ago I was
invited by an organization called Architects for Social Responsibility to speak on the
topic of renewable energy and sustainability. The members were a group of architects
and engineers who united under a shared vision and with a strongly felt need to
address responsibly issues such as sustainability, efficiency, environment, renewable
energy and the like within their own profession. In the generally conservative climate
of their profession at the time, they were visionaries and pioneers.

The good news is, owing to such initiatives and compelled by the energy and
environmental crisis we have encountered, architecture and engineering education
and professions are undergoing revolutionary changes. Topics such as ‘Green
Building’ and ‘Sustainable Design’ are being included in the curriculum and
becoming buzzwords in the profession. Out of both choice and necessity, key features
of a sustainable design like functionality, aesthetics, economy, resource efficiency and
durability are being integrated into a new wave of holistic architectural designs and
building practices.

Socially responsible organizations promoting sustainable buildings have emerged
and gained mainstream credibility. Among the most notable is the nonprofit trade
organization, the US Green Building Council (USGBC). Founded in 1993, with
more than 15,000 members, the USGBC has developed Leadership in Energy and
Environmental Design (LEED), a rating system to evaluate a building against a series
of standards and assign points for qualifying it as a ‘green’ building. Energy and
water efficiency, renewable energy, land use, waste handling, indoor air quality and
environmentally preferable materials are some of the standards.

LEED certification is not yet a universal requirement for building contracts, but
with growing environmental concerns the certification is gaining that credibility.*
It is applicable to private homes as well as institutional buildings. The highest
rating a ‘green’ building can get is Platinum. Bruce Oreck’s ‘Next West” home in
Boulder, Colorado, is a pioneering LEED Platinum, net-zero-carbon house in the
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US.> Some exciting examples of larger green buildings are the Michael E. Capuano
Early Childhood Center in Somerville, Massachusetts,’® the Ordway building of the
Woods Hole Research Center in Woods Hole, Massachusetts,’” and the Leslie Shao-
ming Sun Field Station at Stanford University’s Jasper Ridge Biological Preserve.”®
These buildings are projecting a new horizon for the professional future of architects,
engineers and builders. Mandating the use of renewables in building codes would
not only facilitate the transition, it would also add a whole new revolutionary and
sustainability dimension to their education and professions.

Public interest in green buildings is growing rapidly. Building Energy, the annual
conference and trade show of renewable energy and green building professionals,
held in Boston and organized by the New England Sustainable Energy Association
(NESEA), is drawing record crowds. It has quickly evolved into one of the nation’s
major and most successful conferences on the subject, attracting both professionals
and interested visitors from around the world.”* Whoever said ‘People build buildings,
then buildings build people’” had it right. So, when we build a building — lec’s build

it green!

Solarizing academia

Educational institutions must become more proactive in the transition.
Unquestionably, in schools, colleges and universities around the world, programmes,
projects, courses, research and other activities in renewable energy have been grow-
ing. The subject is still on the fringe, but the trend is certainly growing.

Some institutions have taken the subject to a practical level. Georgetown University
in Washington, DC, was one of the first educational institutions in the country to set
such an example. In 1982 a PV system of over 3000m? was installed on the roof of
the university’s Intercultural Center. In addition to being a great educational resource
for both the university’s students and visitors, the system generates about 40 per cent
of the building’s electricity needs and saves $45,000 annually in energy bills for the
university.®” At the University of South Florida a charging station with a roof of PV
modules charges a fleet of the university’s vans and also serves as a parking shed.

With the vision of a carbon-neutral campus, the Lewis Environmental Studies
Center of Oberlin College, Ohio, sets an inspiring example. The academic facility
and the adjacent parking pavilion are covered with building-integrated 59kW, 325m?
and 100kW, 818m? PV arrays, respectively. Constructed during 1998-2000, the PV
system generates enough electricity to turn the centre into a net energy exporting
facility.”!

In the Greater Boston area, the hub of educational institutions, several universities
— Harvard, MIT, Tufts, Boston and Northeastern — have installed grid-connected PV
systems on their buildings. There are other universities, colleges and schools across
the US that have installed PV or wind turbines or both on their campuses.

WGBH, a PBS-affiliated broadcasting facility located in Brighton, Massachusetts
— not an academic institution, but certainly an educational institution par excellence
— in 2006 became the first network TV station in the country to go solar. The
LEED-certified building with several green features has a 100kW rooftop PV system,
surrounded by a roof garden. A custom data-acquisition system in the building’s lobby



112 THE RENEWABLE REVOLUTION

explains and monitors the system’s performance, while also serving as an educational
tool for visitors and demonstrating WGBH’s commitment to sustainability.*?

Solarizing academia can begin early. Solar Now, a project based at Beverly High
School, Beverly, Massachusetts, installed a 100kW PV system during the early 1980s
and a 10kW wind-turbine during the 1990s. The project has not only been a research
and educational resource for the high school for years, but also for a growing number
of interns and visitors from around the world.®

On 3 June 2004, at the John D. O’Bryant School of Mathematics and Science,
Mayor Thomas Menino inaugurated a 2kW PV system installed on the southeastern
wall of the high school. The project resulted from a collaborative effort among
its partners, including the Boston Public Schools, the City of Boston, the MIT
Space Systems Laboratory, the MIT Edgerton Center, Massachusetts Technology
Collaborative, Heliotronics, Massachusetts Energy Consumers Alliance and Solar
Boston. It has offered a great opportunity for the students to learn about concepts
in renewable energy, physics, engineering and environmental science through hands-
on experience with the PV system.® What is most inspiring is that in 2009 a group
of students, under the guidance of Steve Fernandez, their physics teacher who also
spearheaded the school’s solar project, is taking what they have learned about the
technology to help install a solar project at a health clinic in a rural Mayan village
in Guatemala. Indeed, through their education in renewable energy, the students
are living up to the name of the organization they have formed, Students Without
Borders! Helping with the educational aspect of it has been for me a deeply gratifying
and inspiring experience.

At Dhaka University in Bangladesh, the Energy Park, with some stand-alone
PV systems and solar box cookers, was established during the early 1990s for
demonstration and research purposes, and has become a place of growing public
actraction. The Energy Park also holds the Energy Fair, an annual event bringing
together students, educators, the general public, public officials, and vendors and
users of a wide range of renewable energy technologies from all over the country. It
is a project of the Renewable Energy Research Centre (RERC) under the university’s
Department of Applied Physics, Electronics and Communication Engineering. In
2007, RERC also added a successfully implemented 1.1kW rooftop grid-connected
PV system to its repertoire of projects.®

Projects like these not only generate clean energy and serve as learning labs and
demonstration models, they also constitute an action that practices what the schools,
universities and other educational institutions preach, or teach!

Stewardship

Growing environmental concerns due to the use of nonrenewables has been having a
profound impact on many churches and other religious institutions. Beyond prayer
and worship, members are coming together to take the matter into their own hands
with an active response which addresses the issue of energy directly.

In March 2000 the Eco-Justice Working Group of the National Council
of the Churches of Christ in the US published ‘Energy Stewardship Guide for

Congregations’. It reminds us of the biblical calling for caring and protecting all
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of creation. Citing society’s use of energy, which is causing many problems for
human beings and the non-human aspects of creation, it outlines some specific steps
congregations and other faith-based institutions can take to use less energy and turn
to renewable energy sources.®

The 1997 General Convention of the Episcopal Church USA passed a resolution
calling on members to practise energy efficiency. The Rev. Sally Bingham of Grace
Cathedral in San Francisco and Steve MacAusland of St Paul’s Church in Dedham,
Massachusetts, paved the way for the founding of Episcopal Power and Light, a
national ministry devoted to environmentally responsible energy usage throughout
the Episcopal Church. It is now renamed Massachusetts Interfaith Power and Light
(MIPL) to reflect an expanding stewardship mission and broader discussion of energy
scarcity, security and justice. ‘After love and the Holy Spirit, it is energy that makes
the world go “round”,” says MacAusland.®” So, as Tom Nutt-Powell, a member of All
Saints Parish in Brookline, Massachusetts, and a founding director of MIPL, puts
it: ‘Our intent is to do everything in our power to help our congregations and their
members learn to practice energy conservation, invest in energy efficiency, pool our
purchasing power in the marketplace and so buy our energy — electricity, oil, and gas
— in bulk so that we can save enough money to afford those slightly more expensive
renewable energy products.’®®

To spread the message and honour Earth Day, in April 2002 MIPL convened a
conference that brought together people of various faiths to address, with an appeal
for action, the responsibility which we as humans bear as stewards of the Earth. The
conference inspired several action-oriented projects including an energy audit for
buildings, better insulation, and use of energy efficient fixtures.

The aforementioned are examples of the many calls to stewardship sprouting
not just in the US but around the world.®” They are prompted by the critical global
situation we find ourselves in and the alarming future we are marching towards. Yet,
they are reminders of a sense of stewardship which, for a long time, has been a part
of the human spiritual tradition across all cultures. It has been said in the following
proverb, the source of which has been attributed to Kenyan, Native American and
Shaker traditions: “Treat the Earth well. It was not given to you by your parents, it
was loaned to you by your children.’

Policy-programme-practice (PPP)

No issue is of greater public concern and responsibility than the energy issue.
Rightfully, a public policy on energy, which both expresses and influences the will
of the people, is of critical importance. And it's good news that more and more
countries around the world are recognizing the importance of renewable energy and
making it a part of their national policies.

Adding renewable energy to the energy policy mix is good news, and the more
the better. However, to make a transition to the renewable energy path, which
implies a fundamental reversal of our entrenchment in the nonrenewable energy
path, requires more. It can no longer just rely on chance or manipulated market
forces which are geared to profit fossil fuel and nuclear industries. A pro-renewables,
dynamic, comprehensive and integrated policy — with a policy-programme-practice
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continuum — must be conceived and implemented. Applicable to every country in
the world, from community through national levels, it will require the following:

1 Maximizing conservation and efliciency in the use of nonrenewables, while
utilizing them only as transitional resources;

2 Transparent, equitable, and socially and environmentally responsible public-
private partnership to maximize efficiency and expediency;

3 A moratorium on further entrenchment into the nonrenewable path, combined
with disincentives such as a reduction of subsidies for nonrenewables and a
progressive carbon tax and cap on carbon production;

4 Proactive and massive utilization, investment and development of appropriate
renewable options;

5 A combined offering of public education, technical support, renewable energy
programmes, a legal framework and financial incentives to renewable energy
users and producers;

6 Collaboration between experts and stakeholders in both renewable and
nonrenewable energy fields to devise an integrated and comprehensive public
policy — holistically assessing both the renewable and nonrenewable options,
from both global and local perspectives — to lead the transition through action
(programmes into practice).

It may seem like a daunting task, but insisting on a path which has led the world to
the crisis we are in is not a solution; it is suicidal. On the other hand, the revolution-
ary scope of renewable energy offers us an alternative option, a hope, an opportu-
nity — in which anyone across the world, in small and big ways, can participate and
contribute — to accelerate the transition. If we choose to act, we have the technology,
experience and inspiring examples.

In this, Germany stands out. Its policy is comprehensive and decisive. In 2000,
to phase out its 19 nuclear power plants over the next 20 years. Thereby, it joined
the ranks of Austria, Belgium, Italy, the Netherlands, the Philippines and Sweden,
who have the policy to phase out nuclear power as a dead-end technology.”® But
let’s not be naive. As the energy crisis deepens, along with a growing concern over
climate change, there will be pressures and manipulations of public sentiments by
the nuclear industry to reverse some of these decisions. Yet that will happen not
because nuclear power has proven to be any more useful or less destructive. It will
happen because the critics of nonrenewables have weakened their cause by not being
persuasive enough about the potentials of renewable alternatives, not just in words
but through actions. Germany’s renewable energy policy is progressive, visionary and
based on actions. Let’s hope the policy sustains, expands and continues to inspire the
world.

Thanks to the alliance of the Social Democratic Party and the Green Party, and the
visionary leadership of parliamentarian Hermann Scheer, the German government
is gearing up for a transition to a 100 per cent renewable energy economy. It is the
world’s most aggressive policy for transition into the renewable energy path, marking
the period until about 2020 as the ‘make-or-break’ years for the transition.”” ‘Nuclear
power and fossil fuels are the choices of the past. Renewable energy is the choice of
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the future that is here today,’ says Hermann Scheer, Chairman of EUROSOLAR,
General Chairman of the World Council of Renewable Energy (WCRE), President
of the International Parliamentary Forum on Renewable Energies, member of the
German Bundestag, and author of A Solar Manifesto and The Solar Economy.”*

Policy supports action, while action speaks for policy. Barely starting in 1990,
fuelled by a synergistic interplay of policy and action, since then the installed wind
capacity has grown by more than 2000 per cent, biomass by more than 500 per
cent and photovoltaic installations by more than 15,000 per cent in Germany.”
Germany today is one of the leading producers of both wind energy and photovoltaic
electricity in the world.

To accelerate the transition, projects of a wide range of designs and scales are
being encouraged with highly attractive incentives. Homeowners, communities,
farms or others choosing to install a grid-connected system can sell the electricity
for as much as 4.5 times more than what they would pay for buying electricity the
conventional way. The incentive is termed Feed-in Tariff (FIT), and it has been made
into a law. Many homeowners, therefore, have turned their roofs into an income-
generating rooftop solar energy industry! Germany passed a Renewable Energy Act
with these key elements: legally guaranteed access to the grid for each power supplier
of any size from renewables, a guaranteed profitable income from investments in
renewable systems, and no limit to the quantity of energy a company can produce
from renewables so the company can base its investments on long-term prospects,
such as more profitable returns from mass production. The Renewable Energy Act has
essentially launched an autonomous renewable energy movement not subject to the
control of; or obligations to, the conventional power companies. The public policy
and private entrepreneurs are partners with each other. Its success is inspiring: the
goal of 3000MW annually of new renewable installations without large hydropower
has been exceeded by 20,000MW in six years, while also creating 150,000 new jobs
in the renewable energy sector.

Cuba is another example. The collapse of the Soviet Union in the 1990s led
to Cuba’s loss of access to Soviet oil, chemical fertilizers and pesticides, creating
an unprecedented energy, food and agricultural crisis. But the crisis also opened
a window to an opportunity: to quickly transition out of oil- and chemical-based
agriculture and get into organic farming throughout the country. Cuba seized the
opportunity and within the next few years practically all the arable lands in Cuba
were transformed into organic farms and urban gardens. Today, 50 per cent of the
vegetables eaten in the city of Havana are organically grown within the city limits
and nationally 80 per cent of the food is grown on organic farms. In addition,
through CUBASOLAR, the Cuban society for the promotion of renewable forms
of energy and respect for the environment, Cuba has installed photovoltaic systems
in schools across the country. Combining policy and practice through joint efforts
of private ownership, cooperatives and state programmes, it is an inspiring story of
Cuba’s survival of ‘peak oil’ and a hopeful example for the rest of the world.”

Pope Benedict has gained the reputation as the ‘Green Pope’ for his outspoken
voice of stewardship against environmental destruction, labelling pollution a sin.
Around the world he is conveying his message of stewardship. On 17 July 2008,
speaking at the 23rd World Youth Day in Sydney, Australia, before a crowd of
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over 150,000, he said: ‘My dear friends, God’s creation is one and it is good. The
concerns for non-violence, sustainable development, justice and peace, and care for
our environment are of vital importance for humanity.”” Acting on these concerns,
in 2008 the Vatican, a 110-acre city-state with a population of about 900 but visited
by millions, has installed a solar system on the roof of its main auditorium, the Nervi
Hall. The 2400-module system covering 5000m? roof space will generate 300MW
hours of electricity annually. It will offset about 225 tons of CO, emissions and save
the equivalent of 80 tons of oil each year. The $1.6 million system was donated by
German companies SolarWorld and SMA Solar Technology.

The Vatican is already planning to build a much larger solar power plant on a
3km’ site it owns north of Rome where the transmission centre for Vatican Radio is
currently located. The proposed solar plant will generate six times the energy needed
to power the transmission centre, so the surplus energy will be fed into the Italian
national grid for distribution among its customers.”®

Islands are the places most vulnerable to rising sea levels. As mentioned in
Chapter 4, the Maldives, a republic with a cluster of 200 small inhabited islands in
the Indian Ocean, faces a precarious future, but rather than merely succumbing as
a victim, it is taking ownership of the solution. This also puts the nation in a much
stronger moral position to demand that the rest of the world should act on solutions,
too, without which its own efforts will be futile. In March 2009, the Maldives’
President Mohamed Nasheed announced a plan to become the world’s first carbon-
neutral country by generating all its electricity from the nation’s plentiful renewable
resources — sun and wind. The $1.1 billion plan involves installing 155 1.5MW wind
turbines and a 0.5km? solar farm to meet the country’s energy needs. It’s a sizable cost
for the nation, but any external funding support which can and should be extended
to it will be an investment not only in the Maldives’ own survival from an impending
threat, but also in the eventual survival of the world.

With its lush tropical landscapes and pristine beaches, the Maldives is also a
growing tourist attraction. But this economic advantage comes with the price of
accelerated greenhouse gas emissions from air travel and from commercial activity
on the island. To offset the impact the government has planned to buy EU carbon
credits.””

Samso, a Danish island located 25km from the mainland, was entirely dependent
on imported oil and coal only a decade ago. It is now considered the most energy
independent place in the world. Supported by Denmark’s progressive pro-renewable
energy policy, the island with a population of 4300 generates more than 100 per cent
of the electricity it needs from wind power and 70 per cent of its heat for hot water
and district heating from solar thermal systems and biomass. Conservation is not a
compromise, it is prized. As Soren Hermansen, a former farmer and environmental
studies teacher, and also the main force behind the island’s transition, put it: “To us,
going for lower energy is like a sport.””®

Japan is the number one producer of electricity from photovoltaics in the world.
Buct it is not stopping there. It is continuing to devise and implement a variety of
programmes to accelerate its use across the country. Ota, Japan’s ‘Solar City’, is an
example. Located 80km northwest of Tokyo, in the Pal Town neighbourhood, three-
quarters of its homes have PV systems. What is special about this programme is
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that all the 550 4kW grid-connected systems were given free to the residents by the
government to ensure a steady energy supply and avoid blackouts.”

All eyes are turning to the birth of a fascinating experimental city in the middle
of the Arabian Desert. It is named ‘Masdar’, meaning ‘the source’ in Arabic. The
seven-year $20 billion plan, when completed, will make Masdar — spread over 6km?
and powered mainly by renewables — ‘the first city where carbon emissions are zero’.
Its 50,000 people will meet most of their energy needs from renewable sources.
Photovoltaics, wind turbines, solar thermal systems, biomass and solar hydrogen will
be combined to power what the planners claim to be the ‘city of the future’. The
city will be free of private cars. Public transportation will be provided by a rapid
transportation system of solar-powered car-like vehicles. In the midst of a desert,
Masdar will have a blooming landscape of greeneries. A wide range of conservation
and efficiency measures will be instituted.*

Is Masdar the ‘city of the future’> Will it deliver on all its promises? There are
both believers and sceptics. Perhaps the answer lies somewhere in-between. What is
also highly significant is that Masdar is being constructed in Abu Dhabi, the oil-rich
capital of the United Arab Emirates. There is an acknowledgement — and a message
— here: the age of oil is coming to an end. To assure a sustainable and prosperous
future, we must turn to the Sun.

Iceland is rapidly progressing towards its goal of becoming a 100 per cent
renewable-energy-powered nation by 2050. An island of 103,000km? located in the
mid Atlantic Ocean, with a population of around 320,000, its geology is made up of
hundreds of volcanoes, geysers and hot springs — prime sources of geothermal energy.
Heated rocks and ground water are so near the surface — some even above the surface
— that geothermal systems can be installed with minimal drilling and disruption of
the natural geological formation. The island also has many glaciers and rivers — prime
hydropower sources, which can be trapped without disrupting the ecology. Together,
geothermal and hydropower sources provide 70 per cent of Iceland’s total energy
need and 100 per cent of its electricity and heat.

Iceland’s fishing fleets and transportation sector still rely on imported oil and
coal, but it has already set a policy to power these vehicles by hydrogen fuel cells
produced by geothermal electricity. Intensive research and successful demonstrations
in cars, buses and ships are paving the way. By 2050 Iceland is poised to become the
world’s leading renewable-powered hydrogen economy.®!

Like the rest of the world, Iceland too is hit by the global economic recession —
and, especially due to its huge investments in external European financial markets,
much more so than many other countries. However, the country’s reliance on
domestic and renewable energy sources is also its best hope, as well as an economic
foundation, for its recovery.

Now to the United States. I want to elaborate on this section simply because
the policies of the US have the most impact, not only on itself, but also around the
world. In addition to the US being the largest consumer of energy in the world,
its policies are also crucial internationally because they have direct and indirect
impacts on the world economy and on two of the major financial institutions, the
World Bank and the International Monetary Fund (IMF). These institutions, in
turn, dictate most of the ‘development’ patterns and programmes throughout the
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developing world. Additionally, the flip-flop commitment of the US government to
renewable energy over the past few years simply cannot be repeated if we are serious
about the renewables transition. One way to guard against that kind of flip-flopping
is to have a historical understanding of this process.

With 5 per cent of the world’s population, the US consumes 24 per cent of
the energy produced in the world, twice the per capita consumption of energy
used by other industrial countries with comparable material standards of living.
Consequently, the US is also responsible for 25 per cent of CO, emissions affecting
the global climate. And to meet its energy needs, both in policy and practice, the US
has favoured the costly path of external dependence. The US imports more than 50
per cent of the oil it consumes. This has led to the need to secure an oil supply from
the Middle East — spending billions of dollars annually — with guns, missiles and
human lives rather than tapping into the free and inexhaustible renewable energy
sources at home.

Some hopeful changes began during the Bill Clinton administration. These
changes were especially significant because they were taking place following what can
be called an ‘anti-renewable energy era’ in the nation’s history. Funding for renewable
energy rescarch, development and demonstration projects declined by 80 per cent
between 1980 and 1993. The renewable energy industry was crippled. An estimated
80 per cent of the renewable energy technology manufacturing companies in the
US ecither folded or went overseas, resulting in the country’s fall from its position
as the leading manufacturer of photovoltaics in the world to trailing way behind
Japanese and European manufacturers who have risen to global dominance since.
Symbolizing the ‘anti-renewables’ era, the solar panels for hot water put up on the
White House roof during the Carter administration were actually taken down during
the succeeding Ronald Reagan administration and sent off to inactive exile in the
General Services Administration (GSA) warchouse in Franconia, Virginia.

Some good news is that renewables have returned to the White House! Initiated
by the National Park Service — not the White House administration — one PV and
two solar thermal systems were installed during the summer of 2002. Solar Design
Associates, headed by its president and a solar pioneer, Steven Strong, designed and
oversaw the installation by Aurora Energy of a 10kW Evergreen Solar photovoltaic
system. The utility-connected system is placed on the roof of the main building
used for White House grounds maintenance. One of the solar thermal systems heats
the pool and spa and the other provides domestic hot water. James Doherty, the
architect and project manager at the National Park Service Office for White House
Liaison, said: “We believe in these technologies, and they've been working for us
very successfully. The National Park Service also has a mission to lower our energy
consumption at all our sites, and we saw an opportunity to do this at the White
House grounds.’®

More good news is that the solar panels removed from the White House were
liberated in 1992 from their exile and for 12 years provided hot water for the
cafeteria of Unity College in Unity, Maine. Some of them were also used for student
experimentation and education. They are now preserved as historical artefacts. The
panels were acquired by the small college, located in central Maine and dedicated
to environmental education, under the government surplus donations programme.
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In 1991, Peter Marbach, Unity’s director of development, filed an application with
the GSA to acquire the unused solar panels. Following payment of a $500 fee by
the college, the GSA donated the panels. As the story goes, Marbach then removed
most of the seats from an old school bus belonging to the college and drove down to
Virginia to pick up the panels.®

Under the Clinton administration, the Department of Energy (DOE) budget
for energy efficiency and renewables was increased for fiscal year 1994. Though
miniscule compared to the $30 billion a year subsidy to the fossil fuel and nuclear
industries, it was a critical turning point, nevertheless. The trend continued through
the administration’s two terms in office through 2000, with the allocation for
efficiency and renewables reaching about $1 billion.

The most significant federal commitment to renewable energy since the tax
credits and increased research and development funding of the 1970s was the Million
Solar Roofs Initiative (MSRI), announced by President Clinton in June of 1997 in
a speech to the United Nations Special Session on Environment and Development
in New York. Crafted by the DOE in cooperation with the Solar Energy Industries
Association (SEIA), the MSRI called for the production and installation of 1
million residential and commercial solar systems in the US by the year 2010. The
technologies selected were photovoltaics for electricity and solar thermal systems
for hot water. The $200 million/year programme included low-interest purchase
options for customers, the creation of 100,000 jobs, a Solar Home Registry, federal
procurement of solar systems for federal buildings and federal support for the US
solar energy industry. It also supported the forming of regional partners around the
country to promote renewables.

The initiative stirred up an interest in renewables both in the public and private
sectors. Individual states and cities found an ally and some support for their own
efforts and initiatives, as did the investors and industries in the private sector. At
the same time, it also brought to the surface the need for the Department of Energy
officials to be able to distribute the money more efficiently, to build bridges between
policymaking and an understanding of how the real world works so that the policies
can be relevant and implemented effectively, and to rethink an overemphasis on
marketing renewable energy technologies without enough emphasis on subsidizing
demonstration projects. Such demonstration projects serve to both educate
and inspire people on a massive scale to invest their own resources in renewable
technologies about which they had very little knowledge and even were sceptical
about. In 2007 MSRI changed its name to Solar America Initiative (SAI), with some
modifications in its mission and programmes. Hopefully the lessons from MSRI will
be carried forward, too.

Another significant federal commitment is the Senate’s passing of the Renewable
Portfolio Standard (RPS) in July 2003. The RPS requires major electric utilities to
obtain a minimum percentage of their electricity from new renewable sources by
a certain date. Some states have been at it individually for some time and by 2009
about 30 states, including the District of Columbia, had adopted the RPS. Some
other states have set their own renewable energy goals or are considering the RPS.

These are no giant steps but, at least, these are small steps by a giant towards the
transition.
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But even that little progress was threatened by the National Energy Policy of
the Bush-Cheney administration. The highlights of the policy were: drilling for oil
and gas in the Arctic National Wildlife Refuge in Alaska, offshore drilling for oil
and gas, expedient expansion in the number of fossil fuel and nuclear power plants,
weaker safety standards to streamline nuclear power plant licensing and renewal
of the law that shields nuclear power plants from liability, and even withdrawal of
regulations that prevented the restarting of power plants that had been shut down for
environmental concerns. The administration was simply playing out its subservient
role under President George W. Bush and Vice President Dick Cheney, both with
a deeply vested interest in oil. Cheney famously declared that ‘conservation is a
personal virtue, therefore it cannot be a basis for a national policy. They proposed
major cuts in energy conservation, efficiency and renewables, while billions of
dollars were funnelled into subsidies for nonrenewables. Also, the administration
continued to refuse to sign the Kyoto Protocol, the UN treaty signed in Kyoto in
1997, which asks nations to reduce greenhouse gas emissions to around 5 per cent
below 1990 levels by 2010. At the World Summit on Sustainable Development in
2002 the proposal to establish a global goal to achieve 15 per cent of worldwide
energy production from renewables by 2015 — strongly supported by Europeans and
developing countries — was strongly opposed by the US delegation. Last, but not
leas, is the aggressive launching of the Iraq War for oil. Based on the lie of disarming
the country of weapons of mass destruction (WMD), and causing the death of nearly
5000 US soldiers and an estimated 1 million Iragis (and counting), the war itself has
proven to be the deadliest WMD of our time.

A detailed record of the Bush administration’s environmental legacy is in the
book, Strategic Ignorance: Why the Bush Administration is Recklessly Destroying a
Century of Environmental Progress, co-authored by Carl Pope, Executive Director of
the Sierra Club, and Paul Rauber, a senior editor of Sierra magazine.®* As to the
administration’s commitment to renewable energy, a New York Times editorial put
it well: ‘In an age when people are worried about global warming and the country’s
growing dependence on imported oil, the federal effort on alternative energy sources
is pathetically small.’®

Fortunately, the National Energy Policy continued to draw fire. It was being
criticized not just by environmental groups and other supporters of renewable energy,
but also by the general public — across party lines and around the world — who were
waking up to its potential and universal destructiveness. People were beginning to see
the connections between nonrenewable energy, environmental destruction, economic
crisis and war. Disillusionment with the administration was setting in, evidenced in
the Democratic turnover in the House of Representatives and the Senate. It was
showing in the polls, protests and demonstrations. In the growing worldwide peace
marches opposing the Iraq war some posters and placards demanded ‘No Blood for
Oil’, heralding a growing public interest in renewables. I marched with one I made,
‘Go Solar for Peace!’” The Bush-Cheney government increasingly became isolated and
even an embarrassment to its own Republican Party. Behind the fagade of distancing
itself from its own party predecessors, but basically trying to push the same agenda
(John McCain’s call for ‘Drill, baby, drill”, etc.), the Republican Party made a futile
effort to become relevant and win the presidential election with the McCain-Palin
ticket. The rest is history.
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With President Barack Obama and his administration there’s a renewed hope for
change. In his inaugural address the president promised to ‘harness the sun and the
wind and the soil’ and announced in later speeches, “To spark the creation of a clean
energy economy, we will double the production of alternative energy in the next
three years.” Speaking at Georgetown University, Washington, DC, on 14 April 2009,
he remarked: “The third pillar of this new foundation is to harness the renewable
energy that can create millions of new jobs and new industries. We all know that
the country that harnesses this energy source will lead the 21st century.” Since then
he has also called for conservation, efficiency, anti-pollution measures and capping
carbon emissions. These words are influencing some of the administration’s agenda.

In April 2009, Energy Secretary Steven Chu announced the creation of a team
to distribute over $40 billion for renewables contained in the president’s economic
stimulus package for energy projects. At a January 2010 Senate hearing, Interior
Secretary Ken Salazar, advocating for a massive deployment of solar energy on public
lands, said: ‘For the first time ever, environmentally responsible renewable energy
development is a priority at this Department.” All these announcements and more
come on the backdrop of Al Gore leading a bold proposal to combat climate change
and free the US from its dependency on foreign oil by making a major transition to
renewable energy sources within ten years. “Today I challenge our nation to commit
to producing 100 per cent of our electricity from renewable energy and truly carbon-
free sources within 10 years, said the former vice president before an audience at the
Daughters of American Revolution Constitution Hall in Washington, DC, on 17
July 2008, and reiterating it at his Meet the Press interview the following Sunday.®

To succeed, these promises and proposals will require fundamental policy
changes geared for action along with massive public education and participation.
Conventional ‘top-down’ and ‘bottom-up’ approaches must unite in collaborative
actions. Without a doubt, there will be a growing opposition. Those with vested
interests in nonrenewables are still very powerful — the economy and politics still
remain hostages to their pervasive control — and an energy crisis is a record boon to
their profitability. Proposals and policies will be blocked and promises will tend to
be compromised beyond their effectiveness for a transition. Transitional policies and
steps will be blamed for continuing economic recession and growing unemployment.
There will be attempts to actually undo such policies and steps — we have seen that
happen during the previous administration. This time recession and unemployment
will be used as special weapons and excuses. There will be social, cultural, political
and economic issues and obstacles at grassroots levels, which will require a skilful
and persuasive response. We need to understand that the current economic recession
and unemployment are consequences mainly of past policies — both Republican
and Democratic — and the long legacy of our aggressive entrenchment into the
nonrenewable energy path. Even during sincere attempts to solve these problems,
the consequences will continue to be felt for some time.

In the face of these challenges, the true integrity and strength of the political
promises will be tested. The beginnings of the Obama administration — which
has seen the president’s declaration during his first State of the Union address on
27 January 2010 that, along with reiteration of his renewable promises, we also
need to build additional nuclear power plants and allow offshore drilling, as well
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as an escalation of the war in Afghanistan — have shown that the test is on. There
is cautious optimism, at best, as to how much of the presidents promises, and
the Democratic Party’s campaign pledges of economic reforms to environmental
restoration to global reconciliation through constructive dialogue, will be translated
into successful policies and practices, substantial enough to expedite the transition
toward a sustainable future. It behooves us to remind ourselves that the solutions
lie not in re-entrenching ourselves in the same nonrenewable energy path of
depleting nonrenewable resources, environmental destruction, economic collapse,
militarization and war, but in getting off that dead-end, suicidal path as quickly as
possible. If we fail to do this, then Gulf spills, Chernobyls, natural gas well explosions
and coal mine collapses can no longer be rationalized as ‘accidents,” but predictable
consequences of human ecological stupidity, political expediency, technological
limitations, hubris and greed. It also reasserts the urgent need for massive public
education for action, not just reliance on solutions promised or to be sanctioned top-
down by any president or political administration. Ultimately, it’s public demand,
with action, which moves the politicians and their politics and policies — that’s the
power of the people! Fortunately, there are promising signs — locally, nationally,
internationally — of growing public movements demanding to solve the climate crisis
and choose renewables.

The movements must be accelerated. The march for peace must continue. Out of
that true and democratic political process will evolve a sustained public policy, with

profound implications for both the US and the world.



6
An Act of Dialogue

The highest wisdom has but one science, the science of the whole.
Leo Tolstoy"

Perhaps at no other time has wholeness been so difficult, so nearly out of sight,
and therefore the need to address ourselves to it is so crucial.

George W. Morgan?

We are born whole. As we grow, all too often, somewhere along the way we get
divided, not as branches with fruits and flowers of a common tree that sing out our
natural diversity, rooted in unity and wholeness, but as cut or fallen branches that
in their artificially disconnected existence fail to recognize themselves or each other.
Not only is our body compartmentalized, our psyche is too. Unless we somehow
succeed in retaining or regaining that consciousness as whole human beings, the dis-
solution impacts the way we treat other fellow human beings, the way we treat other
nations, the way we treat other species and the way we treat our common home, the
Earth. Alienated from each other, and from ourselves, even our natural instinct for
survival gets driven by fear, hostility, insecurity, exploitation, and either incapability
or unwillingness to face the other — to engage in dialogue. These tendencies do not
just reside in our psyche, they are projected in the way we conduct practical affairs.
The divisions get institutionalized, even defended.

The energy crisis — compounded by all its catastrophic consequences — ruthless
exploitation of the Earth’s natural resources, climate change, poisoned air, water
and soil, collapsing economies and wars — is a symptom of the fundamental crisis
of our wholeness. To solve the energy crisis in a sustainable way, we need to face
the challenge of regaining our wholeness and reconnect to Nature — as an integral
element of Nature — and with this holistic perspective, engage in the fundamental
act of dialogue with each other, committed and fully aware that there will be barriers
along the way.



124 THE RENEWABLE REVOLUTION

A barrier is the classic schism that exists between conferences, academics, studies,
policies, plans and recommendations on the one hand, and action, practice, im-
plementation, accountability and results on the other. All these elements are needed
and there is no reason to undermine the importance of any dialogue. But elements
have to unite and thought and action have to combine to be effective. All too
often, driven by narrow specialization, compartmentalized perceptions and petty
competition, within as well as between parties, the schism is reinforced. Eventually,
it is wasteful, illusory and self-defeating for all. Generally, conferences breed more
conferences rather than a solar roof, just as intellectually deficient action produces
more frustration and resignation than results.

Transitioning to the renewable energy path is necessary for our survival —
physically, economically, environmentally, politically and, no less, morally. It is a
choice and a task before all of us. There are many aspects and pieces to the task and
none of us can claim the mastery of or need to do it all. It is similar to the famous
Indian fable about the seven blind men who went to see the elephant. The one who
touched the body thought the elephant looked like a wall, another touched the ear
and thought the elephant looked like a fan, another touched the tail and thoughr it
looked like a rope, and so on. So, they all were correct in their perception of the part
of the elephant they touched, but what the elephant really looked like rested with
seeing the elephant whole. The moral of the story, this holistic, gestalt view of the
necessity of seeing the whole, and the whole being more than the sum of its parts, is
illuminating and educative.

Whatever our orientation is — economic, environmental, social, scientific,
medical, educational, industrial, technical, aesthetic, literary, legal, political,
historical, philosophical, moral, spiritual — we all see a part that’s real, we all have
something to offer and we all have something to gain. The multifaceted energy crisis
will have to be understood and addressed from multiple perspectives and skills.
Bridges have to be built between policymakers and practitioners, economists and
environmentalists, academics and field workers, specialists and generalists, educators
and activists, idealists and realists, industrialists and ecologists, programme planners
and implementers, problem researchers and problem solvers. Some bridges exist,
but more as exceptions than the rule. Bridges have to be built within a country and
with the world. It’s good for a country, and it’s good for the world. Wherever we
live, we breathe the same air, we drink the same water, we stand on the same soil
and we are sustained by the same Sun. The climate crisis both affirms and warns
us that we cannot escape our interdependence. The only sustainable solution is a
global solution. This is not just philosophical speculation; it is the core of the science
of ecology. We must be willing to embrace this interconnectedness with mutual
appreciation and responsibility, to celebrate this unity, and to engage in a dialogue
to bring together our hopes, perceptions, values, knowledge, initiatives and expertise
into a synergistic and holistic vision — and turn this vision into both individual and
collaborative actions, with the utmost urgency. The potential of the enormous range
and variety of renewable energy options already available to us gives me the reason
and hope that such actions are possible. And its a choice — at once personal, as well
as global. Therein lies the possibility of a successful, revolutionary transition — a
transition to a world of sustainability and enduring peace.
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Additional Resources

In the Notes I have listed books and other resources relevant to the particular topic
being discussed. Here are some additional sources for information and education,
both at the grassroots and international levels. A few are repeated for convenience.
The selection also provides links to a wide variety of other resources worldwide.

International Solar Energy Society

Wiesentalstr. 50, D-79115, Freiburg, Germany
www.renewableenergyfocus.com

ISES is a membership organization with national sections in more than 50 countries;
publishes Renewable Energy Focus, an online magazine on all aspects of renewable
energy and activities around the world, with free subscription.

American Solar Energy Society

2400 Central Avenue, Boulder, Colorado 80301, USA
www.ases.org/solar

ASES is a membership organization with chapters or affiliates throughout the country;
publishes Solar Today, a magazine with articles on all aspects of renewable energy, with
reader services and product information; also publishes newsletters, books, booklets,
conference proceedings and reports; sponsors conferences, forums and solar events
such as the annual solar conference and the National Tour of Solar Homes.
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Northeast Sustainable Energy Association

50 Miles Street, Greenfield, MA 01301, USA
WWW.Nesea.org

NESEA is a membership organization; publishes Northeast Sun, a magazine; sponsors
conferences, workshops, forums and renewable energy exhibits and events such as the
annual Building Energy Conference, Solar Home Tours and the American Tour de
Sol, an annual solar car race; maintains Greenfield Energy Park, a 5000m? greenspace,
owned by the Town of Greenfield and built in partnership with NESEA, which holds
concerts, workshops and demonstration exhibits of renewable energy items.

Union of Concerned Scientists

2 Brattle Street, Cambridge, MA 02138-9150, USA
WWW.UCSUSA.OLg

UCS is a national nonprofit organization, with branch offices in Washington, DC and
Berkeley, CA, dedicated to advancing responsible public policies in areas where tech-
nology plays a critical role; publishes Nucleus, a magazine, and many books, reports,
brochures, briefing papers and visual materials, many of which are energy related.

Interstate Renewable Energy Council

PO. Box 1156, Latham, NY 12110-1156, USA
WWW.irecusa.org

An educational and advocacy organization with a wealth of information and educa-
tional materials; conceived and promotes such programmes as Homes Going Solar,
Communities Going Solar, Schools Going Solar and Businesses Going Solar.

Midwest Renewable Energy Association

7558 Deer Road, Custer, W1 54423, USA
www.the-mrea.org

MREA is a grassroots, nonprofit organization; activities include an annual Energy
Fair; ReNews, a quarterly newsletter; workshops, programmes and policy development;
events like the Fall Tour of Alternative Energy Homes.



ADDITIONAL RESOURCES 141

Florida Solar Energy Center

1679 Clearlake Road, Cocoa, FL 32922-5703, USA
www.fsec.ucf.edu

FSEC’s Renewable Energy Training and Education Center offers courses and work-
shops, both for local and international participants; its Document Sales Office offers
more than 50 publications, slide libraries, videotapes, house plants and software.

Solar Living Institute

13771 South Highway 101, Hopland, CA 95449, USA

www.solarliving.org

Established in 1998, the Solar Living Institute is a nonprofit educational organization
whose mission is to promote sustainable living through inspirational environmental
education; it is a spin-off from Real Goods Trading Company and headquartered at its
Solar Living Center, a 48,600m” renewable energy and sustainable living demonstration
site; the Institute provides practical, education by example and hands-on workshops on
renewable energy, green building, sustainable living, permaculture, organic gardening
and alternative, environmental construction methods; it also offers internship opportu-
nities to applicants from around the world.

Solar Energy Industries Association

805 15th Street Northwest, Washington, DC, 20001-2109, USA

www.seia.org

SEIA represents the solar energy industry in the United States; publishes Solar Industries
Journal, the most up-to-date source for news about the photovoltaic and solar thermal
industries, on both industrial and political fronts.

Solar Energy International

76 South 2nd Street, Carbondale, CO 81623-0715, USA
www.solarenergy.org

A pioneer in renewable energy education and sustainable development, SEI offers
courses and hands-on workshops and training on all aspects of renewable energy,
worldwide.
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Grupo Fenix

Programa Fuentes Alternas de Energfa, Universidad Nacional de Ingenieria (UNI),
Apartado Postal LM 139, Managua, Nicaragua

www.grupofenix.org

A nonprofit organization with year-round programmes and activities, Grupo Fenix
offers the Solar Culture Course, an 11-day, twice a year programme of hands-on
courses, workshops and service trips for individuals interested in broadening their
knowledge of renewable energy and sustainable development; participants from
around the world live in a rural village in Nicaragua while working side-by-side local
community members as they teach them about practical solar energy technologies
such as solar cookers, solar dryers and photovoltaic systems; technical classes are
taught by Dr Richard Komp, an expert from the US with over 40 years experience
working with solar technologies, who is President of Maine Solar Energy Association
and author of Practical Photovoltaics: Electricity from Solar Cells.

Appropriate Infrastructure Development Group

33 Harrison Avenue, Boston, MA 02111, USA
www.aidg.org

With projects in Guatemala and Haiti, AIDG helps individuals and communities
get affordable and environmentally sound access to electricity, sanitation and clean
water; through a combination of business incubation, education and outreach it
helps people get technology that will better their health and improve their lives; it
has implemented projects utilizing PV, wind-turbines (locally constructed), biogas
and microhydro systems.

Boston Area Solar Energy Association

33 Cambridge Terrace, Cambridge MA 02140, USA
www.basea.org

Since 1982, BASEA has been an active part of the region’s energy-use conscience;
an educational and voluntary organization, BASEA sponsors monthly forums on
a wide range of solar energy topics; writes policy statements to affect the political
process, and co-sponsors annual events such as Junior Solar Sprint (model solar cars
designed, built and raced by elementary and junior high school students) and Boston
Solar Day (an energy fair of renewable energy related activities and demonstrations).
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Sunnyside Solar, Inc.

1014 Green River Road, Guilford, VT 05301, USA
www.sunnysidesolar.com

Sunnyside Solar, Inc. is a small family owned company specializing in photovoltaic
electric systems — Sunlight to Electricity; founded in 1979, it has primarily been
working in the design and installation of small to medium photovoltaic systems,
both stand-alone and grid-connected; for the past several years, the owners, Richard
and Carol Gottlieb, have been involved in education, originally giving workshops
from their shop and with Solar Energy International, with more recent programmes
with Ulster (NY) BOCES and Greenfield (MA) Community College; Richard, with
a master’s degree in Solar Energy and a background in physics and engineering me-
chanics, helped develop the separation device used to launch the instrument-bearing
Vanguard satellite while being employed in the satellite structures group at the Naval
Research Laboratories in Washington, DC, in 1959.

Massachusetts Energy Consumers Alliance

670 Centre Street, Boston, MA 02130-2511, USA

www.massenergy. com

A fuel co-op, founded in 1982, Mass Energy has pursued a mission to make energy
more affordable and environmentally sustainable for the consumers of Massachusetts;
itis also the state’s premier organization in educating the public about, and for market-
ing of, renewable energy products; it offers several green power programmes, which
enable consumers to choose electricity resources that are cleaner and healthier for the
environment than current sources of their electricity

Solar Cookers International

1919 21st Street, Sacramento, CA 95811, USA
www.solarcookers.org

A nonprofit organization committed to spreading solar cooking awareness and skill
worldwide; publishes Solar Cooking Archive, an internationally recognized internet
resource for solar cooking information; also publishes a catalogue of solar cookers for
sale, plans and instructions for building solar cookers, and solar cookbooks.
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Solar Design Associates

PO. Box 242, Harvard, MA 01451-0242, USA
www.solardesign.com

The company is a world leader in photovoltaic utility-interactive system design and
installation; its president, Steven Strong, designed, among many other projects, the
world’s first solar electric neighbourhood in the town of Gardner in Massachusetts; he
is also the author of 7he Solar Electric House.

Global Transition Group

55 Middlesex Street, North Chelmsford, MA 01863, USA
www.globaltransition.net

The GT Group consists of the following organizations committed to the global
transition to a sustainable energy future: Enersol Associates, Inc., an internationally
recognized NGO leader in the development and introduction of sustainable energy in-
novations for rural development; Soluz, Inc., the developer of one of the world’s lead-
ing PV commercialization projects, providing solar-generated electricity for a monthly
fee to rural customers in developing countries; and Global Transition Consulting,
Inc., a consulting firm providing project and business development advisory services
to foster the global transition to sustainable energy systems; the Group grows out of
the work of Richard Hansen, who has been a pioneer in solar technology applications.

Solar Electric Light Fund

1612 K Street Northwest, Washington, DC 20006, USA

www.self.org

SELE a nonprofit corporation, plays a major role in introducing solar electric systems
around the world; it has also provided the basis for the formation of such companies as
SELCO (Solar Electric Light Company, Washington, DC), SELCO-India, SELCO-
Vietnam and joint ventures in solar distribution and manufacturing in China and
Sri Lanka; it also has completed projects in South Africa, Indonesia, Nepal, Uganda,
Tanzania, Solomon Islands and Brazil.

350.0rg

www.350.0rg

Founded by Bill McKibben, environmentalist, activist and author of 7he End of
Nature, 350.0rg is an international campaign that’s building a movement to unite the
world around solutions to the climate crisis. In October of 2009 it coordinated 5200
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simultaneous rallies and demonstrations in 181 countries. It is organizing a ‘global
work party’ all over the world to take place on 10/10/10 to put up solar panels, dig
community gardens, and other solutions, calling upon world leaders to do the same.






Index

50 Simple Things You Can Do To Save the Earth
94
350.0rg 78
AAA (American Automobile Association) 14
ABC News (US) 90
Abu Dhabi xxiii
academic vs. implementation schism 124
Achebe, Chidi 78
acid rain xviii, 66, 89
activism
purchasing renewable energy credits 109
activists’ handbook 22
advancement
needs redefinition xx
affordable housing, PV installations 43
agriculture
compost from biogas 63
drawbacks of resource-intensive 23
farmland revival 28
pastureland under PV arrays 12, 44
wind farms 49, 51
see also solar greenhouses
AIDG (Appropriate Infrastructure
Development Group) 54
AIR 303 wind turbine 51
air pollution xvii, 66, 89
emissions standards 2
rebate programmes for high-pollution
vehicles 3
AeroVironment roof-mounted wind turbines
17,53
airports, wind turbine use 17, 53, 96
Alaska 67
Albe-res 46

Alberta (Canada)
biogas plant 63
oil sand projects xviii
tar sands 82
algac in biofuel production 30
Altamont Pass Wind Farm (California) 15
alternative energy issues, decline of public
support in 1980s 15
‘alternative energy movement (1970s) 18, 87
Alternative Energy Project (Boston Arts
Academy) 100
Alternative Energy Sourcebook 22
Alternative Nobel Prize see Right Livelihood
Award
American Automobile Association (AAA) 14
Anglo-Persian Oil Company 78
Ann Arbor (Michigan), plastic water bottles, ban
on public funds 90
Antarctica xix
‘anti-renewable energy era’ 22, 118
Applebee’s restaurants 102
Appropriate Infrastructure Development Group
(AIDG) 54
Appropriate Rural Technology Institute (ARTT)
(India) 28, 62
Arab oil embargo (1970s) 18
Aramco 78
Architects for Social Responsibility 110
ARCO 81
ARCO Solar Corporation 12
Arctic exploration for fossil fuels 82
Armenia, solar box cooker use 26
arsenic contamination 91
Art Institute of Chicago 102



148 THE RENEWABLE REVOLUTION

ARTTI (Appropriate Rural Technology Institute)
28, 62
artificial streams, used for hydroelectric
generation 20
Ascension Technology, Inc. 98
Ashden Award for Sustainable Energy 28, 108
Aslam, Mohamed 77
Asphalt Nation 93
Aswan High Dam (Egypt) 19
Athens (Greece) 55
Atlantic Richfield see ARCO
atmosphere, abuse of xix
atomic power see nuclear power
Aurora Energy 118
Australia, Earth Hour 2009 observance 94
Austria
biogas projects 28
phaseout of nuclear power 114
auto emissions as major contributor to climate
change and ground pollution 91-92
automobile charging stations 37
automobiles see motor vehicles 3
aviation aids, applicability of renewables 6

Badgersett Research Farm Greenhouse
(Minnesota) 24
bagasse biomass, sugar cane, in biofuels
production 30
Bahrain World Trade Center 16, 53
balance needed between technologies and
sustainability 31-32
balance, ecological, destroyed by developed
countries’ use of nonrenewables xx
Ban Ki-moon, UN Secretary General 87
Bangladesh 14, 17, 34, 51, 62, 112
biogas plants 28
standalone PV 96
recent renewable energy programmes 108
large dams 20
Bangladesh Rural Advancement Committee see
BRAC
Barbier, Edward 68
Barnet, Richard J. 79
Barra de Rio Grande, La (Nicaragua) 49
barriers to transition to renewables
academic vs. implementation schism
124
BASEA (Boston Area Solar Energy Association)
48, 98-99, 104
batch heaters for hot water 22
batteries 14
rechargeable 91

recycling 108
see also hydrogen fuel cells 29
Bavaria Solar Park (Germany) 12
Beddington Zero Energy Development
(BedZED) eco-village (Sutton Borough,
South London) 47, 104
Beijing Olympics 3
Beirut (Lebanon) 56
Belgium
biogas projects 28
phaseout of nuclear power 114
utility-scale PV power plants 13
wind energy programmes 19
Benin, biogas plants 28
Beretta, Claudio 105
Bern (Switzerland), PV-integrated skyscrapers 73
Beverly High School (Massachusetts) 40, 112
biblical calling for caring and protecting creation
112-113
Big Oil xxii, 84, 97
Bingham, Rev. Sally 113
biochar systems 59
biodigesters 27-28, 62-63, 104
anaerobic 64
biodiversity
destruction by developed countries’ use of
nonrenewables xx
destruction from biofuel production 30
biofuels xx, 30-31, 80
estimated production 30
‘fuel vs. food’ dilemma unnecessary
nonfood sources 30
‘Biofuels 2.0’ (nonfood biofuels) 30
biogas plants 27-28, 34, 62-63, 80
benefits of 28
biodigesters 27-28, 62-63, 104
compact plants 28, 62
cooking 62
cost effectiveness 28
fueling solar cookers 27
Highmark biogas plant (Alberta, Canada) 64
integrated with other renewable sources 108
lighting 62
production of garden compost 63
supplying gas for electric generation 64
biomass cogenerators and gasifiers
Germany 115
integrated with other renewable sources 108
Bisphenol A 90
BJ’ s Wholesale Club (consumer goods chain)
102
Blueprint for a Green Economy 68



boats
applicability of renewables 6
hydrogen fuel cells 29
powered by renewables 117
PV-powered 42, 105
wind-powered 15
Boiling Point 66
Bok, Joan 97
Boston, City of (Massachusetts) 37, 39, 55-57,
96, 99-103, 112
Boston Arts Academy (high school) 39, 100
Boston Latin School 101
Boston Public Schools 39, 100-101, 112
Boston Area Solar Energy Association (BASEA)
48, 98-99, 104
Boston Globe 66, 101
Boston Harbor (Massachusetts) 50
Boston Nature Center 37, 103
Boston Red Sox (baseball team) 101
see also Fenway Park
Boston Solar Day 48, 105-106
‘Bottled Water, Wasted Energy?’ (news item) 90
Boulder (Colorado) 110-111
BP (British Petroleum) 78, 81
BP Solar 74
BP Solarex 74
BRAC (Bangladesh Rural Advancement
Committee)
Solar Energy Program for Sustainable
Development 17, 108
wind-powered cyclone shelter 17, 51
Brandeis University 111
Brazil, Earth Hour 2009 observance 94
large dams 19
rainforest destruction for biofuels 30
wind energy programmes 19
Brighton (Massachusetts) 111
British Petroleum see BP
Brower, Michael 19
Brown, Malcolm 103
budget, US federal 76
building construction, ‘green’ 110
Building Energy (conference) 111
‘building-integrated’ PV systems 10
Burundi, biogas plants 28
buses see motor vehicles
Bush-Cheney Administration (US) 120
businesses, environmentally conscious 109

C.A.R.E. (Citizens for Alternative Renewable
Energy) 103
California 90, 93, 95, 102-103

INDEX 149

California Energy Commission (CEC) 106
California Solar Initiative (CSI) 106
Renewable Energy Program 106
wind turbines 15
Cambodia, biogas plants 28
Cambridge, Massachusetts 47
Canada 64, 82
Alberta tar (oil) sands xviii, 82
biogas projects 28
Earth Hour 2009 observance 94
large dams 20
utility-scale PV power plants 13
canola diverted to ethanol production 30
Cape Wind Associates (Massachusetts) 17-18
Capuano Early Childhood Center (Somerville,
Massachusetts) 39, 111
carbon credits 116
carbon dioxide emissions from use of fossil
fuels xviii, 89, 91-92
carbon production, tax and cap on 114
carbon-neutral country 77
Carissa Plains utility-scale PV plant (California)
12
cars see motor vehicles
Carter Administration (US) 22, 118
Casey-Lefkowitz, Susan xviii
‘Cash for Clunkers’ 3
catamaran sun21 42
Cataveno 12
cathodic protection, applicability of renewables
6
CBS News 66
CCEF (Connecticut Clean Energy Fund)
102-103
charge controllers for PV systems 14
charging stations
small devices 46
wind turbines 49
‘cheap’ energy xx
‘cheap fuel era 21
‘cheap oil’ era xvii
chemical agriculture, consequences 28
Chernobyl nuclear power plant accident 67
Cheshire (Connecticut) 102
Chevron 81
Chicago Solar Museum Project 102
Chicago Historical Society 102
Chile, Earth Hour 2009 observance 94
China 3, 21, 80-82
antipollution measures 3
biogas plants 27
car culture 93



150 THE RENEWABLE REVOLUTION

Earth Hour 2009 observance 94
large dams 19
plan to become leading producer of hybrid
and all-electric vehicles 3
potential for renewable energy 3
State Environmental Protection Agency 3
utility-scale PV power plants 13
Chretien, Larry 99
Chu, Secretary Steven 121
chulhas (wood stoves) 108
churches 112
CIPRES (at Universidad Nacional de Ingenieria,
Managua, Nicaragua) 63
Citizens for Alternative Renewable Energy
(CARE) 103
Civic (Honda model) 92
Clayton, Doug 59
‘clean’ coal xxii
‘cleantech’ 81
climate change xviii-xix, 66, 77, 84, 91-92
affirming interdependence 124
catastrophic consequences xviii-xix, 76-78
fighting 92, 94
nuclear power promoted as solution  xix
unbridled energy consumption xx-xxi
see also global warming; Intergovernmental
Panel on Climate Change
Climate Change and Energy Initiatives
(Google.org) 94
Climate Conference (Copenhagen, 2009) 77-78,
88
climate patterns, changing 77
Climax Solar-Water Heater 21
clinics, village, powered by renewables 71
Clinton Administration (US) 118
coal xvi, xix
‘clean’ xxii
time to depletion estimated 70
toxic coal ash xviii
toxic sludge xviii
Cobb, Jr., John B. 68
cogeneration see net metering
cold snaps as evidence of climate change xviii
collaboration between renewables and
nonrenewables experts 114
Colombia 78
biogas plants 28
colonialism and ‘development’ 77
Coming Age of Solar Energy, The 87
Commerzleasing und Immobilien AG 12
Commission on Sustainable Development
(CSD) 69

Commonwealth Solar (Massachusetts) 107
communities
designed for solar energy 98
community centres powered by renewables
71,95, 108
grid-connected hybrid renewable
implementations 95
PV-powered 104
standalone renewable implementations 95
Communities Going Solar conference 98
compact fluorescent light bulbs 93
compensation for effects of climate change 77
compost from biogas 63
concentrator type solar cooker 26
condominium PV systems 43, 45, 100
Congressional Budget Office (CBO) 67
Congressional Joint Economic Committee (US)
94
Connecticut Clean Energy Fund (CCEF)
102-103
Connecticut General Assembly 102
conservation in use of nonrenewables,
maximizing 114
Consumer’ s Guide to Effective Environmental Choices
94
consumers, effect on
depletion of fossil fuels xvii
oil prices xvii
consumption patterns, curbing 77
conventional power companies
independence from, in Germany 115
cooking
applicability of renewables 6
biogas 62
fuel shortages 25
Copenhagen Climate Conference (2009) 77-78,
88
‘Copper Cricket’ solar watet heating system 22
Coral World (US Virgin Islands) 20
corn (maize), diversion to ethanol production 30
costs of nonrenewable energy
‘cheap’ xvii, xx, 70
cost, real 65-68, 70
cost, social 67
cost, total 67-68
developing countries 74-76
externalities 67-69, 75
lopsided financing options xxiii
costs of renewables 9-11, 17, 23, 70-72, 114-117
affordability xxii, 71, 106
cost effectiveness 19, 26, 40, 55, 65-85, 96,
100



hydrogen fuel cells 29
social 67, 75
total 67,75
credits, carbon 116
crisis of wholeness 123
CSD (Commission on Sustainable
Development) 69
CSI (California Solar Initiative) 106
Cuba 36
transitioning to renewables by national
policy and practical action xxiii
CUBASOLAR (Cuban Society for the
Protection of Renewable Energy) 115
cultural-spiritual based wisdom 80
Curry Student Center (Northeastern University)
100
cyclone centers, PV systems at 108
cyclone shelters 17, 51
cyclones as consequence of climate change
xviii-xix, 76-77
Czech Republic, utility-scale PV power plants 13

Daimler 81
dairy machineries, applicability of renewables 6
Daly, Herman E. 68
dams see hydroelectric
Day After Tomorrow, The xix
daylighting 36-37, 72
‘deathstyle’ unsustainable 84
deforestation 30
democracy, link with equity and energy 76
demonstrations of renewable energy 97-103
Beverly High School 40, 112
Boston Arts Academy 100
catamaran sun21 42
effect 101
Fenway Views 100
Gardner (Massachusetts) 97-98
Genasun office/warchouse (Boston,
Massachusetts) 100
George Robert White Environmental
Conservation Center (Boston,
Massachusetts) 103
Hull Wind tours 104
Solar Boston workshops 99
Solar Fenway Demonstration Program 99
Solar Home Tours 97-98
Unity College 118
WGBH (public broadcasting facility) 111
Denmark
biogas projects 28
offshore wind plants 17, 50

INDEX 151

progressive pro-renewable energy policy 116
transitioning to renewables by national
policies and practical action xxiii
wind turbines 15
Department of Energy (US) 81, 98
budget for energy efficiency and renewables
119
Million Solar Roofs Initiative (MSRI) 99,
119
Solar America Initiative 99, 119
Department of the Environment (UK) 68
desalination, applicability of renewables 6, 35
desert uses of renewables 35
Design for a Livable Planet 94
developed countries
artificially low energy prices 75
most responsible for climate change 76
rampant environmentally destructive
practices of 80
unbridled energy consumption xx
developing countries
adoption of renewables to break out of
vicious cycle of dependency 75
applications for renewables 72
colonialism and ‘development’ 77
effect of World Bank and IMF 117-118
fuel import bills 74-76
ideal sites for PV systems 107
rich in renewable energy sources 76
threatened by rising sea levels xx
development of renewable options 114
development, sustainable 68-70, 83
Dhaka University (Bangladesh) 112
diet, vegetarian and vegan 91
direct costs 71
disposal of light bulbs 90
distributed generation 95
diversity of sources
with renewable energy sources 88
Doherty, James 118
Dominican Republic 40, 107
droughts as evidence of climate change
xviii-xix, 76-77
Dudley Street Neighborhood Initiative 98-99
DuSable Museum of African American History
102

early childhood centers, PV use 39
Earth Day 88, 105-106, 113
Earth Hour 93-94

earth pollution 91

Earth Summit (Rio, 1992) 69, 88



152 THE RENEWABLE REVOLUTION

‘Earthright’ 84
Eco-Justice Working Group (National Council
of Churches of Christ) 112
ecological balance destroyed by developed
countries’ use of nonrenewables xx
ecologically balanced hydroelectric systems 20
ecology and equilibrium of Earth 31-32
economic dead ends
pursued by conventional thinking xxi
economic development, sustainable 68-70, 83
economic externalities 67, 75
economic revitalization xxi
economics of collapse 70
economics, environmental 68
economy, global industrial
dependence on fossil fuels and uranium xvi
estimated energy consumption 1
ecosphere pollution xviii
Edey, Anna 23-24
Edison, Thomas Alva xvi
education
centres, PV use at 37, 48, 103
educational institutions, use of renewables
40,111
renewable energy 94
education of public 103, 114
Egypt
large dams 19
Einstein, Albert xx, 79
Eisenhower, President Dwight D. 67
El Salvador 41
electric and solar car races 104
electric generation
from renewables 3
net metering see net metering
‘turning the meter backward’ see net
metering
electric generators, conventional, combined with
PV 10
Electric Power Development Company, Ltd 51
electric power generation fed by biogas plants 64
Electric Power Research Institute (EPRI) 98
electric-gas hybrid cars 92
electrical metering see net metering
electronic devices 91
clectronic equipment, applicability of renewables
6
EMI (Energy Management Inc.) 17
emissions from motor vehicles
major contributor to climate change and
ground pollution 91-92
standards 2-3

empowering people 5-32, 88-122
energy consumption
audits and rebates 89
basic to survival xvi
‘cheap’ xx
costs of externalities 67
demand, escalating xxii
developed countries, unbridled xx-xxi
energy-surplus neighborhoods 104
estimates, world 81
link with equity and democracy 76
needs of US, meeting 30
promise of better lifestyle xvi
simplistic conceptions xx
Energy and Equity 93
energy conservation xx
policies needed for 89
‘energy crisis’ 123
1970s xxii
not due to energy shortage 4
energy efficient products 89
energy equity see equity and justice
energy fairs 105-1006, 112
energy independent areas 116
Energy Information Administration (EIA) (US)
81
energy management
household requirements estimated 10
need for judicious xx
Energy Management Inc. (EMI) 17
Energy Park (Dhaka University) 112
energy policy, adding renewable energy 113-122
energy sources, efficiency needed 89
energy sources, nonrenewable xvi-xix
as cause of energy crisis’4
benefits xvi
‘cheap’xvii, xx
‘clean’xxii
consciousness of risks of dependence xxii
consequences xvii
consequences of dependence xxii
contribution to global inequity 76-77
costs see costs of nonrenewable energy
costs, total 67-68
depletion estimates xvii
economics of collapse 70
environmental costs estimated 66
facades for exploiting 77
gaseous emissions xviii
industry pressure xviii, 32, 97, 114
influence of lobbyists 81
lopsided financing options xxiii



moratorium needed xx, 114

profit motive 82

reserves estimates xvii

risks xxii

‘safe’ nuclear xxii, xx

social and environmental responsibilities

81-82

stopgap measures xvii

unbridled consumption xx-xxi

unsustainable ‘ deathstyle’” 84

see also coal, natural gas, nuclear power, oil
energy sources, renewable

advantages 65

boats 117

community implementations 95

costs see costs of renewables

demonstrations 61, 103, 119

developing countries rich in 76

development of appropriate options 114

diversity of sources 88

economically advantageous for remote or

urban settings 71

education about 94-95

energy-surplus neighborhoods 104

environmental advantages 70-71

estimated reduction of wastes 89

estimates of production 81

financing options xxiii, 9-11

government initiatives see government

incentives for renewables use

hybrid systems 71

integration 108

integration into university buildings 100

investments and subsidies needed for

transition 82

lack of availability 107

least-cost option for most of the world 72

legal framework needed 114

local manufacture 73

major investors 81

microcredit financing 96

oil company investments 81

path to power of the people 6

personal generating stations 95

potential on every place on Earth 4, 8

potential to revolutionize global economy 80

projects and products, survey 6

promoting xxi, 87-88, 105-106

reliance on local sources 76

renewable energy credits 109

Renewable Portfolio Standard (RPS) 119

revolutionary potential 80

INDEX 153

simplicity 33
standalone systems 71
support for, from developed countries 77
see also biofuels, biogas plants, hydroelectric,
hydrogen fuel cells, geothermal power,
photovoltaics, solar cookers, solar
greenhouses, solar power, solar water
heaters, wind turbines
‘Energy Star’ ratings 90
‘Energy Stewardship Guide for Congregations’
112
Enersol 107
Eni-MIT Solar Frontier Center 29-30
Enron 16
environment
advantages of renewables 70-71
destruction 68, 80
environmental costs of nonrenewable energy
sources 66
environmental movement 70
hazards xvii-xix
monitoring, applicability of renewables 6
rampant destructive practices of developed
countries 80
stewardship 112
see also pollution
environmentally conscious businesses 109
Episcopal Church USA 113
Episcopal Power and Light 98-99, 113
EPRI (Electric Power Research Institute) 98
Epstein, Paul 78
equity and justice 76
choice over global catastrophe 78
colonialism and ‘development’ 77
global inequity between industrially
developed and developing countties 76
link between equity, energy, and democracy
76
ethanol, corn-based 30
Ethiopia, biogas plants 28
European Association for Renewable Energy see
EUROSOLAR
European Union 30
biofuels policies 31
carbon credits 116
European Wind Energy Association 17
EUROSOLAR (European Association for
Renewable Energy) 108, 115
EUROSOLAR Prize 108
Evergreen Solar 118
expertise needed
in both renewable and nonrenewable paths
xx, 84



154 THE RENEWABLE REVOLUTION

externalities see costs of nonrenewable energy
energy costs 67

Excxcon Valdez 67

ExxonMobil 78, 81

factories powered by hydrogen fuel cells 29
fans 91
farmland see agriculture
Feed In Tariff (FIT) 115
Fenway (Boston, Massachusetts) see Solar
Fenway Committee; Mission Hill-
Fenway Neighborhood Trust
Fenway Center 100
Fenway Community Development Corporation
(FCDC) 43, 99-101
Fenway Park (stadium) 56, 72, 100
Fenway Views Condominium-Affordable
Housing Building (Boston,
Massachusetts) 43, 100
Fernandez, Steve 112
financial incentives to renewable energy users
and producers 114
see also government incentives for
renewables use
financing of renewables 106, 109, 119
buydown programs 106
incentives 114
microcredit 96, 108-109
options for financing 9-11
tax credits 101, 106
upfront cost 102
Finland
wind energy programmes 19
fires as evidence of climate change xix
firewood
growing scarcity 27-28
see also wood burning
FIT (Feed In Tariff) 115
floods and downpours, as evidence of climate
change xviii
food
packaging 90-91
preservation by solar cooker 25
prices, effect of biofuel production on 30
production, destruction xviii
storage, applicability of renewables 6
‘food vs. fuel’ 30
see also ‘fuel vs. food’
For the Common Good 68
Ford Motor Company 81
forest clearing for biofuel production 30
fossil fuels see energy sources, nonrenewable;
coal; natural gas; oil

Fowler, Paul Jeffrey 34
France
Earth Hour 2009 observance 94
utility-scale PV power plants 13
Friends of Boston’ s Homeless 101
fuel cells 36, 72, 80
fuel shortages
cooking fuel 25
‘fuel vs. food” dilemma xx
see also ‘food vs. fuel’
fuel war 79
Fuller, Richard Buckminster 88

G8 Summit (Tokyo, 2008) 88
Gaia (Farth) 83
Gandhi, Mahatma 5, 80
garden fertilizer from biogas 63
garden shed, PV-powered 48
Gardner (Massachusetts) 41, 97-98
gaseous emissions as effect of nonrenewables
use xviii, 89
GE
wind turbines 16
GE Energy Financial Services 12
GEI Consultants 82
Geisel, Theodor see Seuss, Dr.
Gelbspan, Ross 66, 100
Genasun office/warehouse 100
General Convention of Episcopal Church USA
(1997) 113
General Motors (GM) 81
General Motors Acceptance Corporation
(GMAC) 106
General Services Administration (GSA) (US)
119
generation, distributed 95
generators, conventional, combined with PV 10
George Robert White Environmental
Conservation Center 103
Georgetown University 111
geothermal power xxi, 31-32, 80, 117
advantages 31
geothermal heat pumps 37, 103
Germany 44-45, 115
biogas projects 28
comprehensive renewables transition plan
114
offshore wind plants 17
transitioning to renewables by national
policies and practical action xxiii
utility-scale PV power plants 12
wind energy programmes 15, 17, 19



wind farms integrated with agriculture 16,
49
geyser pump solar water heating 22
geysers as geothermal energy source 31
glaciers, melting xviii, 80
glass, PV integrated architectural 72
‘global dimming’ 2-3
global economy
dependence on fossil fuels and uranium xvi
industrial 1
potential of renewables to revolutionize 80
see also economy
global inequity between developed and
developing countries 76
global perspective needed xx
Global Transition Group (Soluz) 108
global warming
reliance on nonrenewables xviii, 66
estimated costs 84
see also climate change
Global Wind Energy Council 19
GM (General Motors) 81
GMAC (General Motors Acceptance
Corporation) 106
‘Going Solar’ (IREC project) 98
Goodstein, David 65
Google 103
Google.org, Climate Change and Energy
Initiatives 94
Gore, Al xix, xxii-xxiii, 84, 121
government incentives for renewables use 82,
115-117
distribution of subsidies between research in
renewables and research in nonrenewables
81
financing options xxii-xxiii (see @/so financing
of renewables)
full funding 46
investments and subsidies needed for
transition 82
policies needed for energy conservation 89
rebates 11, 23
subsidies xxiii, 11, 114
subsidies for research and development 81
tax benefits xxii-xxiii
tax breaks 11
tax credits 101
tax rebates 21
government policies, recycling 91, 114
needed for batteries 14
government support of renewables
energy policy 113-122

INDEX 155

need to prioritize investments xxi
public-private partnership (PPP) 108
government use of renewables
PV 35, 40-41, 43, 46, 118
solar thermal systems 118
solar water heaters 22, 72
wind turbines 49, 53, 103
see also communities
Grameen Bank 108
Grameen Shakti (Rural Power) 108
grassland clearing for biofuel production 30
Greece 55
Earth Hour 2009 observance 94
wind energy programmes 19
‘green’ buildings 110
Green Book, The: The Everyday Guide to Saving the
Planet One Simple Step at a Time 94
Green Buildings Initiative 107
‘Green Rush’ 81
Green Schools Initiative 107
‘Greenhouse Effect’ xviii
greenhouses, solar see solar greenhouses
Greenpower Utility System see GUS
‘greenwash’ xxii
grid-connected PV systems 9-14, 37, 40-41, 44,
72,95,99-102, 111-112, 115-116, 118
ground pollution, fighting 92
Grupo Fenix 61
GSA (US General Services Administration) 119
Guatemala 112
Guinness Book of World Records 105
Gulf Coast oil spill (2010) xix
Gulf War (1991) 67
Gundersen, Roald 24
GUS (Greenpower Utility System)
Vertical Axis Wind Turbine 18, 52
Haar (Germany) 45
‘Hail: The Return of the Sun’ 2
Halacy, Beth and Dan 26
Halacy, D.S. 87
Hansen, Richard 107
Harvard University 111
hats, cooling, solar powered 38
Hayes, Denis 87
hazardous waste
collection days 14
compact fluorescent bulbs 90
health clinics, PV systems at 36, 108
health hazards from nonrenewables xvii-xix
HEAT (Husky Energy Action Team) 101
Heat Is On, The 66
heat waves as evidence of climate change xviii



156 THE RENEWABLE REVOLUTION

heating and cooling, applicability of renewables
6
Heliotronics, Inc. 99, 112
data monitoring system 103
Here Comes the Sun LLC 101
Hermansen, Soren 116
high-rise buildings, wind turbines between 53
higher education institution uses of renewables
45
biogas 63
Husky Energy Action Team 101
PV systems 100
solar water heaters 57
Highmark biogas plant (Alberta, Canada) 63
highway signs powered by PV 43
Himalayas xix
Himalayan glaciers melting 80
Hokkaido (Japan) 51
holistic
perspective xxiii, 96, 123
holistic thinking needed xx-xxi
home use of renewables 101
hydrogen fuel cells 29
insulation 91
PV systems 34, 41-48, 96, 98-100, 104, 108
solar greenhouses 24
solar water heating 55
wind turbines 50
see also households; rural uses of renewables
homes, net-zero-carbon 110-111
Honda Civic 92
Hong Kong, Earth Hour 2009 observance 94
Horseshoe Shoal (Massachusetts) 17
‘Hot Box’ (solar cooker) 26, 34
hot springs as geothermal energy source 31
hotel hot water using solar water heating 56
Houch, Kristie Sue 87
households
conservation initiatives 91-94
expenses for hot water 22
hazardous waste collection days 14
Hull Municipal Light Plant (Massachusetts) 50,
103
Hull Wind 1 50, 103
Hull Wind 2 103
human rights perspective 77
Hurricane Katrina xviii, 66
hurricane shelters, wind turbine use 49
hurricanes as evidence of climate change
xviii-xix
Husky Energy Action Team (HEAT)
(Northeastern University) 101

hybrid systems 9-10, 16, 20, 49, 52, 59, 61, 71,
101
solar cookers 27
Hydro-Quebec (Canada) 20
hydrocarbons, reactive 92
hydroelectric 19-21, 54, 80, 117
disadvantages 19-20
ecologically balanced systems 20
generated by artificial streams 20
pico-hydro systems 54
potential renewable energy source 2, 4
remote areas, advantages 71
see also microhydros
hydrogen fuel cells xxi, 29-30, 117
solar powered 14
‘Hymn to the Earth’ 83

IBEW (International Brotherhood of Electrical
Workers) Local 103 99
Training Center (Boston, Massachusetts) 52
ice cap and glacier melting as evidence of
climate change xviii-xix
Iceland 31, 117
transitioning to renewables by national
policies and practical action xxiii
IDCOL (Infrastructure Development Company
Limited) 108
IIMC (Indian Institute of Management Calcutta)
57
Illich, Ivan 93
improved chulhas (wood stoves) 108
incandescent light bulbs 9
incentives for renewables 114, 116-117
Inconvenient Truth, An xix, 84
India 62, 80-81, 108
biogas plants 27
car culture 93
Earth Hour 2009 observance 94
large dams 20
mythology 80
solar greenhouses 58
solar hot water installations 57
spiritual scriptures 83
wind energy programmes 16, 19
Indian Institute of Management Calcutta (IIMC)
57
Indian Renewable Energy Development Agency
(IREDA) 108
Indonesia
biogas plants 28
Earth Hour 2009 observance 94
industrial growth, exploitative and imbalanced
XX



Industrial Revolution
fueled by coal xvi, xviii
inequities, addressing 76-78
information dissemination needed, widespread
XX
Infrastructure Development Company Limited
(IDCOL) 108
innovation, local 73
insulation, home 91
Intercultural Center (Georgetown University)
111
interdependence affirmed by climate crisis 124
Intergovernmental Panel on Climate Change
(IPCC) xviii, xxii, 77
International Bank for Reconstruction and
Development see World Bank
International Brotherhood of Electrical Workers
(IBEW) 52, 99
International Energy Agency 82
International Energy Outlook (1998) 81
International Monetary Fund 117
International Parliamentary Forum on
Renewable Energies 115
Interstate Renewable Energy Council IREC)
(US) 98-99
inverters for PV systems 14
investments, corporate in renewables xxii
investments, public
need to prioritize xxi
IPCC (Intergovernmental Panel on Climate
Change) xviii, xxii, 77
Iraq 78
Iraq war (2003-) xvii, 67, 120
IREC (Interstate Renewable Energy Council)
98-99
IREDA (Indian Renewable Energy Development
Agency 108
Ireland
wind energy programmes 19
irresponsible production of goods 80
Italy 31, 46
phaseout of nuclear power 114
utility-scale PV power plants 13
wind energy programmes 19
wind farms integrated with agriculture 16
Jacobs, Marcellus 15
Jacobs wind turbine 15
Jaffrey (New Hampshire) 59
Japan 51,73, 98
Earth Hour 2009 observance 94
Solar City 46, 116

transitioning to renewables by national

INDEX 157

policy and practical action xxiii
utility-scale PV power plants 13
Jasper Ridge Biological Preserve 111
Jeddah (Saudi Arabia) 35
Johannesburg World Summit on Sustainable
Development (2002) 69
John D. O’ Bryant School of Mathematics and
Science 112
Joka (West Bengal, India) 57
Jung von Matt (advertising agency) 2
Junior Solar Sprint 104

Kaptai Dam (Bangladesh) 20

Karnaphuli River (Chittagong Hill Tracts,
Bangladesh) 20

Karve, Dr. Anand 28, 62

‘Kattina’ s Real Name’ 66

Kay, Jane Holtz 93

Kemp, Clarence M. 21

Kennebunkport (Maine) 102

Kertz, Glen 30

Keyspan (utility company) 99

Killingly (Connecticut) 103

Kim, Kyung 59

Kingston Fossil Plant (Tennessee Valley
Authority, US) xviii

Kinzua Dam (Pennsylvania) 20

Koenigswinter (Germany) 44

Kuwait 78

Kyocera Corporation 73

Kyoto (Japan) 73

Kyoto Protocol 120

Kyoto World Summit on Climate Change (1997)
69

La Barra de Rio Grande (Nicaragua) 49
Ladakh (India) 58
LADWP (Los Angeles Department of Water
and Power) 106
lead contamination 91
Leadership in Energy and Environmental
Design certification see LEED
certification 110
Lebanon 56
LEDs
LED lighting 9
public lighting 46
LEED certification 110-111
legal framework for renewable energy users and
producers 114
legal rights of victims of climate change 77
Leslie Shao-ming Sun Field Station (Stanford
University) 111



158 THE RENEWABLE REVOLUTION

Lewis Environmental Studies Center (Oberlin
College) 45, 111
lifestyle promised by energy xvi, 80, 84, 89
light bulbs
compact fluorescent 93
energy efficient 89-90
PV-powered 38
safe disposal 90
light-emitting diode (LED) lighting see LEDs
lighting
applicability of renewables 6
biogas 62
day 36-37, 103
energy conservation 89-90
incandescent bulbs 9
powered by renewables 9
public 46
PV-powered 37
see also LEDs
lights-out events
estimated savings 93
Lights Out San Francisco 93
Lil Otto Hydroworks 20
Living Planet Report 83
local manufacture of energy sources 73
local renewable sources, reliance on 76
locally grown food 91
Logan International Airport (Boston,
Massachusetts) 17, 53, 96
Logan Office Center (Boston, Massachusetts)
17,96
Lord, Bill and Debbi 102
Los Angeles Department of Water and Power
(LADWP) 106
Lovins, Amory B. 5, 79, 89, 91
Lovins, Hunter 79, 91
Lower Saxony, Germany 49

MacAushland, Steve 113

Mabhaveli Dam (Sri Lanka) 20

Maine Solar House 102

maize, diversion to ethanol production 30
Malaysia, rainforest destruction for biofuels 30
Maldives xxiii, 77-78, 116

Managua (Nicaragua) 63

Manang (Nepal) 60

Marbach, Peter 119

Marcks, Anne 103

marine navigation applicability of renewables 6
Markandya, Anil 68

Martin Bucher Projektentwicklungen 12
Maryland Marketing Research, Inc. 106

Masdar (Abu Dhabi) xxiii, 117
Mass Energy see Massachusetts Energy
Consumers Alliance
Massachusetts 37, 39-41, 55-57, 59, 96
rebates for solar hot water 23
state legislature 107
State Transportation Building 72
Massachusetts Audubon Society 17, 37, 103
Massachusetts Energy Consumers Alliance 99-
100, 112
see also Solar Boston/Mass Energy
Consumers Alliance
Massachusetts Institute of Technology see MIT
Massachusetts Interfaith Power & Light (MIPL)
113
Massachusetts Renewable Energy Trust (MRET)
99, 107
Massachusetts Technology Collaborative (MTC)
99-100, 107, 112
Massport Authority (Massachusetts) 96
McGovern, Rep. James 67
McKibben, Bill 78
McKinley School 101
McKinsey & Company 94
McLeod, John 103
medical equipment disinfection by solar cooker
25
medical refrigeration
applicability of renewables 6
PV 35
Menino, Mayor Thomas 39, 99, 112
merchandise trade deficit, US 75
mercury contamination 91
Meredith Management Corporation 100
methane generators see biogas plants
Mexican Fine Arts Center Museum (Chicago,
Illinois, US) 102
Michael E. Capuano Early Childhood Center
(Somerville, Massachusetts) 39, 111
microcredit financing 9, 96, 108-109
microhydros 108
compared to PV 21
integrated with other renewable sources 108
Lil Otto microhydro system 20
personal microhydro generating 95
pico-hydro systems 54
small hydro abandoned in ‘cheap fuel” era 21
Tyson Turbine microhydro system 20-21
Middle East xvii
see also Iraq, Saudi Arabia
militarization see wars
milk pasteurization by solar cooker 25



Million Solar Roofs Initiative (MSRI) (US
Department of Energy) 99, 119
Ministry of New and Renewable Energy (India)
108
Minneapolis (Minnesota), plastic water bottles,
ban on public funds 90
Mission Hill-Fenway Neighborhood Trust 100
MIT (Massachusetts Institute of Technology)
104, 111
MIT Edgerton Center 112
MIT Space Systems Laboratory 112
Solar Revolution Center 29-30
see also Eni-MIT Solar Frontier Center
mitigation support for effects of climate change
77
Mitsubishi 81
mobile street sign powered by PV 43
model PV-powered cars 104
modularity of PV systems 8
moratorium on further entrenchment in
nonrenewables xx, 114
Morgan, George W. 123
Morocco
biogas plants 28
motivating action
affordability of renewables 106
motor vehicles
all-electric 3
applicability of renewables 6
automobile charging stations 37
car culture 92-93
car ideology 92-93
car-free communities 104-105
carsharing 91
electric-gas hybrids 92
emissions 2-3, 91-92
estimated time spent in traffic 92
ethanol as fuel 30
fuel efficient 91-92
Honda 92
hybrid 3
hydrogen fuel cells 29
PV powered 104
Toyota 92
Zipcar 91
motorway sound barrier 38
Mount Kenya 54
Mountain View (California) 103
MRET (Massachusetts Renewable Energy Trust)
99,107
MSRI (Million Solar Roofs Initiative) 99, 119
MTC (Massachusetts Technology Collaborative)
99-100,107,112

INDEX 159

Mujeres Solare de Totogalpa (Solar Women of
Totogalpa) 61

Mumford, Lewis (1895-1990) 93

Museum of Fine Arts (Boston, Massachusetts)
101

Museum of Science and Industry (Chicago,
Illinois) 102

museums

integration of PV systems 102
MW-Line Switzerland 105
mythology, Indian 80

Naar, John 19
Nano (Tata auto model) 93
Narmada Bachao movement 20
Narmada Dam (India) 20
Nasheed, President Mohamed (Maldives) 116
Natick Community Organic Farm 58-59
National Aeronautics and Space Administration
(NASA) (US) 66
National Audubon Society (US) 16
National Council of Churches of Christ (US)
112
National Energy Policy (US) 120
National Oceanographic and Atmospheric
Administration (US) 66
National Park Service (US) 118
national policies motivating transition to
renewable energy sources, need for
xxii-xxiii
National Program on Improved Chulhas (India)
108
National Weather Service (US) 66
natural gas xvi
exploration not solution xix
reserves estimatesxvii
time to depletion estimated 70
Natural Resources Defense Council (NRDC)
xviii
natural resources, control of by war xvii
navigational buoys powered by renewables 71
neighborhood, solar electric 41
Nepal
biogas plants 28
solar cookers 60
Nervi Hall (Vatican) 116
NESEA (New England Sustainable Energy
Association) 104, 111
net energy exporting facilities 45, 111
net metering 5, 10-11, 95, 105, 115
Vatican xxiii
see also net energy exporting facilities



160 THE RENEWABLE REVOLUTION

net-zero-carbon homes 110-111
Netherlands
biogas projects 28
phaseout of nuclear power 114
wind energy programmes 16, 19
New England Electric System 97
New England Power Service Company 98
New England Sustainable Energy Association
(NESEA) 104, 111
New York City 36
New York Times xviii, 3, 120
New Zealand, Earth Hour 2009 observance 94
‘Next West” home 110-111
NGOs (non-government organizations) xxii, 17
offices, PV systems 108
Nicaragua 49, 60, 63
nitrogen oxide emissions from use of fossil fuels
xviii, 92
Nobel Peace Prize xxii, 108
Noce family 23, 55
Nocera, Professor Daniel 29-30
non-government organizations (NGOs) xxii, 17
nonfood biofuels 30
nonrenewables energy sources, nonrenewable
Northeastern University 100, 111
NRDC (Natural Resources Defense Council)
xviii
nuclear power xvi, 82
accidents xxii
adverse effects xix
‘breeder’ reactor not solution xix
consequences 82
contributing to climate change xix
estimated electrical generation xix
‘green’ technology 82
industry influence 97
nuclear waste and accidents xix, 66-67
phase-out plans in countries 114
proliferation 79
reactors, short life of xix
requiring use of fossil fuels xix
reserves estimates for uranium xvii
safety xxii
‘solution’ to climate change xix
waste disposal xix
wastes and accidents 66-67
weapons production fueled by dependence
on nonrenewables 79
see also uranium
Nutt-Powell, Tom 113
Nysted Wind Farm (Denmark) 50

O’Bryant School of Mathematics and Science
112
Obama, President Barack xvi, xxiii, 121
Obama Administration (US)
‘Cash for Clunkers’ programme 3
Obetlin College 45, 111
OECD (Organisation for Economic Co-
operation and Development) 82
offshore siting of wind turbines 17, 50
oil xvi-xix
1970s crisis 18, 21
addiction to 80
Arab oil embargo (1970s) 18, 21
Big Oil 84, 97
‘cheap oil’ era xvii
consequences of dependence xvii-xix, 78
costs of securing 76
dependency on xvii
effects of price rises xvii
exploration not solution xix
external dependence on 118
Gulf Coast spill (2010) xix
production, global xvii
production, US xvii
reserves xvii
spills 66-67
time to depletion estimated 70
wars over control xvii (see also wars)
Ordway Building (Woods Hole Research
Center) 111
Oreck, Bruce 110-111
Organisation for Economic Co-operation and
Development (OECD) 82
organizations, socially responsible 110
Ota City (Gunma Prefecture, Japan) 46, 116
Our Common Future 68
outsourcing 81

Pachauri, Rajendra K. xviii

Pacific Gas & Electric 12, 73, 93

packaging, minimizing 90-91

Pal Town Jozai no Mori (Pal Town Solar City,
Japan) 46

parking pavilions with PV arrays 37, 45

pastureland under PV arrays 12

Patrick, Governor Deval 107

peaceability and war 78-79

Pearce, David 68-69

Peggy Notebaert Nature Museum (Chicago,
Illinois) 102

Pekua cyclone shelter (Bangladesh) 17, 51

permaculture homestead 59



perspective, holistic 123

Peru, Earth Hour 2009 observance 94
PG&E (Pacific Gas & Electric) 12, 73, 93
Philippines

biogas plants 28
phaseout of nuclear power 114

photovoltaics (PV) xxi, 7-14, 34-48, 80

arrays with wind turbines 52

automobile charging stations 37

batteries 14

bird sanctuaries 103

boats 38, 105

building-integrated PV systems 10

communities, powering 104

community centers 108

compared to microhydro 21

components 14

condominium buildings 100

cost effectiveness 100

cyclone centers 108

desert uses 35

direct costs 71

dissemination 108

distribution centres and warehouses 100,
102-103

durability 13-14

carly childhood centers 39

education centres 37, 48, 103

educational institutions 39-40, 45, 99, 100,
111, 115, 118

energy-surplus neighborhoods 104

estimated installations 14

fueling hydrogen fuel cells 29-30

funding 107 (see also costs of renewables)

garden sheds, PV-powered 48

generating capacity 7

Germany 115

government installations 35, 40-41, 118

grid-connected 9-14, 37, 40-41, 44, 72, 95,
99-102, 111-112, 115-116, 118

health clinics 108, 112

highway sound barriers 38

homes 34, 41-48, 97, 99, 104, 116

hybrid 9-10, 49, 52

integrated with other renewable sources 108

manufacture 7, 73

Maldives 77

modularity 8

multitude of scales and designs 7

museums 102

NGO offices 108

parking pavilions 37, 45

INDEX

pastureland see agriculture
personal generating stations 95
pioneer programmes 95
pole-mounted PV arrays 103
powering communities 104

PV arrays 100, 105

PV in slate roofing 48

PV integrated skyscrapers 73
PV ‘skin’ on buildings 10, 36, 72
PV/Genset hybrid systems 10
radio transmission centers 116
railroad signals 104

regions that receive less sunlight 104

reliability 13

remote areas, advantages 71 (see also rural

uses of renewables)
restaurants 108

161

retail establishments and shopping centres

47,102,108
roadside signs 43, 104
roof shingles 37, 103
rural uses see rural uses of renewables
selected for MSRI 119
solar arrays 100, 105
‘solar breeder’ 73
solar greenhouses 23-24, 58-59
solar parks 44

standalone 8-10, 13-14, 34, 96, 100-101, 108,

112
street signs 43
supplementary energy source 104
toys 38

US fall from leadership in manufacturing

118

utility-connected see photovoltaics,

grid-connected

utility-scale 9, 12-13

Vatican 116

versatility 8

wall-mounted 43

water delivery systems 40

water pumps, PV powered 48

see also solar power
Physicians for Social Responsibility 105
pico-hydro systems 54
PIRG (Public Interest Research Group) 66
plastic water bottles, disposal of 90
Pocking Solar Park (LLower Bavaria) 12
pole-mounted PV arrays 103
policies, past, nonrenewables

consequences 121
policy-programme-practice (PPP) 113-122



162 THE RENEWABLE REVOLUTION

policy, energy 113-122
political will needed for transition to renewables
82
pollution from nonrenewables extraction and use
xviii-xix, 2-3, 66
air xvii, 2-3, 66 89
ecosphere xviii
rain xviii, 66
soil xviii
water xviii
pond pollution from toxic coal ash xviii
Pope Benedict 115
Pope, Carl 120
portable street and highway signs powered by
PV 43
Porter Square Shopping Center (Cambridge,
Massachusetts) 47
Portugal
utility-scale PV power plants 13
wind energy programmes 19
power consumption, worldwide 81
Power Distribution Conference (University of
Texas at Austin, 1989) 98
PowerLight Corporation 12
PPP see public-private partnership; policy-
programme-practice
printing, applicability of renewables 6
Prius 92
production, outsourcing 81
productivity, national 76
profits, record from nonrenewable energy xxii
progress
needs redefinition xx
promoting renewables xxi, 105-106
Boston Solar Day 105-106
FEarth Day 105-106
energy fairs 105-106
Protestant Episcopal Church in the United
States of America 113
Public Interest Research Group (PIRG) 66
public policy, role of 113-122
public support for alternative energy issues and
sustainable energy policies
decline of, during 1980s 15
public transportation 91
public-private partnership (PPP) 82, 114
Puerto Plata (Dominican Republic) 107
Pulitzer Prize 66
Pune (India) 62
PV see photovoltaics
PV ‘skin’ 10, 36, 72
PV integrated skyscrapers 73
PV/Genset hybrid systems 10

Quicky CooKit 25, 60

Radcliffe, David 103
radioactive contamination as consequence of
uranium mining xix
Rahimafrooz 14
Rahimafrooz Solar (Rahimafrooz Batteries
Ltd.) 108
railroad signals powered by PV 104
rain
acid rain 66, 89
pollution xviii, 66
rainwater collection/cistern storage 59
record-breaking, as consequence of climate
change 77
rainforest destruction
as consequence of fossil fuel use xx
for biofuel production 30
Rauber, Paul 120
Rays of Hope 87
reactive hydrocarbon emissions from use of
fossil fuels 92
Reagan Administration (US) 22, 118
Real Goods (Ukiah, California) 22, 24
Real Security 79
rebates, government 23
REC (renewable energy credits) 109
recycling
policies 91
used batteries 14, 108
Reduce-Reuse-Recycle path 91
Reicher, Dan 94
religious institutions, concern with environment
112
remote areas see rural uses of renewables
remote sensing, applicability of renewables 6
Renewable Energy Act (Germany) 115
renewable energy credits (REC) 109
renewable energy industry, birth xxii
Renewable Energy Program (California) 106
Renewable Energy Research Centre (RERC)
(University of Dhaka) 112
renewable energy sources tree 46
Renewable Portfolio Standard (RPS) 119
renewables see energy sources, renewable
reorganization of values xx
research
about renewables 88
hydrogen fuel cells 29-30
subsidies, distribution of 81
residential use homes
responsibility, corporate



social and environmental xxii
restaurants, PV systems 108
retail shops, PV systems 102, 108
Right Livelihood Award (Alternative Nobel
Prize) 108
Rio Earth Summit (1992) 69, 88
‘Rising Cost of Global Warming, The’ 66
rising sea levels threatening developing countries
XX-XX1
Risk Management Solutions 66
river pollution from Alberta oil sands projects
xviii
roadside signs powered by PV 104
Robinson, Jonathan and Shirley 95-96
Rocky Mountain Institute 79
Rokeya, Begum 24
Rome, Earth Hour 2009 observance 94
roof shingles, PV 37
roofing, PV slate 48
root cellar 59
Rosenthal, John 100
Ross, Casey 101
Royal Dutch Shell see Shell Oil Company
rural areas as ideal sites for PV systems 107
rural uses of renewables 71-72
ARTI (Appropriate Rural Technology
Institute) 28, 62
hydroelectric systems 54
PV in homes 34, 41, 96, 108
PV-powered health clinics 36
PV-powered water delivery systems 40
renewables in homes 15, 71-72
solar water heaters 21
Russia 82
Earth Hour 2009 observance 94
Rust, Dr. Gert D. 44
Rutter, Philip and Mary 24

Sacramento Municipal Utility District (SMUD)
95, 106
‘safe’ nuclear energy xxii
SAI (Solar America Initiative) 99, 119
Salazar, Secretary Ken 121
Salt Lake City (Utah), plastic water bottles, ban
on public funds 90
Samso (Denmark) 116
San Francisco 93
plastic water bottles, ban on public funds 90
San Gorgonio Pass Wind Farm (California) 15
satellites, space
applicability of renewables 6, 13, 71
solar power generation (Space Solar Power
System) 8

INDEX 163

Saudi Arabia xvii, 35, 71, 78
Save Narmada movement 20
Save Our Planet: 750 Everyday Ways You Can Help
Clean Up the Earth 94
Schaeffer, John 22
Schumacher, E. E 65
Schwarzenegger, Governor Arnold 106
SCI (Solar Cookers International) 25
sea levels, rising xviii
threatening developing countries xx
Sears Solar Hot Water System 21-23, 55
seasonal variations causing differences in PV
generation 13
SEIA (Solar Energy Industries Association) 119
selling electricity to the grid net metering
Senn, David 105
Serpa (Portugal) 12
Seuss, Dr. 87
Shakespeare, William 1
Sharp Electronics Corp. 1
Sheer, Dr. Hermann 114-115
Shell Oil Company 78, 81
Shell Solar GmbH 12
shopping centres, PV use 47
Sierra Club 120
Silicon Valley, need for electricity 81
simplistic conceptions of energy xx
Sinzheim (Germany) 44
skyscraper wind tunnels 53
skyscrapers
PV ‘skin’ 36
PV integrated 73
Sleiman, Sam 96
SMA Solar Technology 116
small hydro systems see microhydros
Small Renewables Initiative 107
smog 66
SMUD (Sacramento Municipal Utility District)
95, 106
snowstorms as consequence of climate change 77
socially responsible organizations 110
soil pollution xviii
Solar America Initiative (SAI) 119
Solar America Initiative Market
Transformation 99
solar and electric car races 104
Solar Boston 98-100, 112
Solar Boston/Mass Energy Consumers Alliance
100
solar box cookers 61, 112
‘solar breeder’ 73
solar catamaran 105



164 THE RENEWABLE REVOLUTION

Solar City (Ota, Japan) 46, 116
‘Solar City” programmes (Japan) xxiii
Solar City Strategic Partnership 99
solar collectors
passive superinsulated 59
see also solar greenhouses
solar collectors for hot water 22, 55-57
homes 104
see also solar water heaters 21
solar communities 101
Beddington Zero Energy Development 104
Solar Community Pioneer Project 101
solar cookers 24-27, 60-61, 80
box cookers 26, 61, 112
concentrator type 26, 60
fueled by biogas or electricity 27
‘Hot Box’ 26
hybrid 61, 101
need for direct sunlight 26
Quicky CooKit 25, 60
‘Solar Oven’ 26
Tulsi Hybrid Solar Cooking Oven 27, 61,
101
Umbroiler 26
uses 25
Solar Cookers International (SCI) 25-26
Solar Design Associates 98, 118
Solar Economy, The 115
Solar Electric House, The 98
solar electric neighborhood 98
Solar Energy Industries Association (SEIA) 119
Solar Energy Program for Sustainable
Development (BRAC) 17, 108
Solar Fenway Committee (Solar Fenway) 39, 43
Solar Fenway Demonstration Program
99-101
solar greenhouses 23-24, 48, 58-59
Badgersett Research Farm Greenhouse
(Minnesota, US) 24
home-scale 24
Solviva Winter Garden (Massachusetts) 23
with PV 58-59
solar heating and cooling, at homes 104
Solar Home Registry 119
Solar Home Tours 97-98, 102
solar hot water see solar water heaters
Solar Living Sonrcebook 22
Solar Manifesto, A 115
Solar Museum project 102
Solar Now project 40, 112
‘Solar Oven’ (solar cooket) 26
solar park (Sinzheim, Germany) 44

Solar Peace Fountain (Somerville,
Massachusetts) 48
solar power 1-28, 80
basic fuel source 70
demonstration programmes 99-101
estimates of solar energy — xxi, 1
generation with satellites 8
‘global dimming’ 2
passive systems 34, 36, 59, 104
potential renewable energy source 4-5, 70
Space Solar Power System (SSPS) (Japan) 8
stored in hydrogen fuel cells 14, 29
see also photovoltaics, solar cookers, solar
greenhouses, solar water heaters
Solar Revolution Project 29-30
solar thermal collector for water heating 102
solar thermal systems 80
government offices 118
selected for MSRI 119
Solar To Market Initiative 107
solar tree 46
solar water heaters 21-23, 55-57
abandoned in ‘cheap fuel’ era
active and passive systems 22
batch heaters 22
bird sanctuaries and environmental
education centres 103
Climax Solar-Water Heater 21
components 22
Copper Cricket ‘Copper Cricket’ system 22
costs 22-23
higher education buildings 57
home-built 21-22
homes 55, 97
hotels 56
integrated with other renewable sources 108
rural areas 21
stadia 56
Sears Solar Hot Water System 21-23, 55
thermal collectors 102
thermosyphon systems 22
US White House 22
see also solar collectors for hot water
Solar Women of Totogalpa (Mujeres Solare de
Totogalpa) 61
Solar Works, Inc. 99
Solar-Fabrik 74
Solarex Corporation 73-74
SolarWorld 116
Solectria (solar electric auto) 104
Solon AG 2
Soluz 108



Soluz Dominicana, S.A. 40
Solviva Winter Garden (Massachusetts) 23-24
Somerville (Massachusetts) 48, 111
Somerville Community Growing Center 48
South Affica 69
South Korea, utility-scale PV power plants 13
Southwest Windpower 104
soyabeans, diversion to ethanol production 30
space satellites see satellites, space
Space Solar Power System (SSPS) (Japan) 8
Spain
utility-scale power plants 12-13
wind energy programmes 15, 19
Spinhirne, Joseph 15
Spire Corporation 73
Sri Lanka, biogas plants 28
SSPS (Space Solar Power System) 8
stadium hot water using solar water heating 56
standalone PV systems 8-10, 13-14, 34, 41, 96,
100-101, 108, 112
Stanford University 111
Stanhill, Dr. Gerry 2
Staples (office supply company) 103
State Environmental Protection Agency, China 3
state legislature support for PV systems 102
state programs
funding renewables 107
State Transportation Building (Boston,
Massachusetts) 72
Stern, Andrew 103
Stern, Sir Nicholas 66
stewardship, environmental 112
Stiglitz, Joseph 67
Stop Handgun Violence 101
storms as evidence of climate change xviii
Strategic Ignorance: Why the Bush Administration Is
Recklessly Destroying a Century of
Environmental Progress 120
street signs powered by PV 43
streetlights, PV-powered 37
Strong, Steven 97-98, 102, 118
structuring of energy management, judicious,
needed xx
Students Without Borders 112
subsidies
for nonrenewables, reduced 114
see also government incentives for renewables
use
subsidies for renewables use xxiii
subsidies, distribution of 81
sugar cane diversion to ethanol production 30
sulphur dioxide emissions from fossil fuel use 89

INDEX 165

‘Sultana’s Dream’ 24
Sun, as energy source see solar power;
photovoltaics
sun21 catamaran 42, 105
SunEdison 102-103
SunPower Corporation 12
SunWalk2008.com 105
support, technical, to renewable energy users
and producers 114
Sussex, West 42
sustainability 68-85
needs redefinition xx-xxi
total cost of energy as yardstick 67
valuing 3-4
wisdom of 80
sustainable design 110
examples 80
sustainable economic development 68-85
defined 69
sustainable energy
Ashden awards 108
decline of public support during 1980s 15
Sutton (London) 104
Sweden
Earth Hour 2009 observance 94
phaseout of nuclear power 114
Switzerland, Earth Hour 2009 observance 94
PV plants, motorway sound barrier 38
utility-scale PV power plants 13
Sydney (NSW, Australia) 93

Tagore, Rabindranath 1
Tanzania, biogas plants 28
tar sands 82
Tata Motors 93
tax and cap, carbon 114
tax benefits to encourage renewables xxii-xxiii
tax credits 101
for renewables in US 119
technical support to renewable energy users and
producers 114
Tehachapi Pass Wind Farm (California) 15
telecommunications, applicability of renewables
6
telephone booths, remote, powered by
renewables 71
Tennessee Valley Authority (US)
Kingston Fossil Plant xviii
Texaco 81
Texas 98
Texas A & M University 92
Texas Transportation Institute 92



166 THE RENEWABLE REVOLUTION

Thailand
biogas plants 28
Earth Hour 2009 observance 94
utility-scale PV power plants 13
thermal storage for hot water 22
thermosyphon system for hot water 22
Thonney, Michel 105
thorium xix
Three Mile Island nuclear plant accident xxii, 67
Time magazine 1
Tipaimukh Dam (Manipur, India) 20
toilet, composting 59
Tokyo G8 Summit (2008) 88
Tolstoy, Leo 123
Tomamae wind farm (Hokkaido, Japan) 51
Tomen Corporation 51
tornadoes as evidence of climate change xviii-xix
totalitarian conditions as consequence of
dependence on oil 79
Tour de Sol races 104
toxic coal ash xviii
toxic coal sludge xviii
Toyota Prius 92
toys, energy conservation 91
solar powered 38
traditional wood stoves, more efficient 108
traffic control systems, applicability of
renewables 6
traffic jams 92
transferability, turnkey 73-75
transforming vision needed xx
transition programmes needed xx, 123-124
transition to renewables 115
need for 84
need for political will 82
not fast enough 88
transportation fuel needs, biofuels as panacea 30
Traverse City Light and Power 96
tree, renewable energy resources (Albe-res) 46
trends, long term xvii
Tufts Climate Initiative 99
Tufts University 111
Tulsi Hybrid Solar Cooking Oven 27, 61, 101
‘turning the meter backward’ see net metering
turnkey transferability 73-75
Tyler, Nate 93
typhoons as evidence of climate change xviii-xix
Tyson Turbine microhydro system 20-21
Tyson, Warren 20

UK
biogas projects 28

Earth Hour 2009 observance 94
eco-village 47
government estimate of costs of global
warming 84
government reports 66
home use of PV 42
offshore wind plants 17
wind energy programmes 19
wind farms integrated with agriculture 16
Umbroiler (solar cooker) 26
UN xxii, 76-77, 88, 119
climate summit meeting (2009) xviii
Commission on Sustainable Development
69
UN Climate Conference (Copenhagen,
2009) 77-78, 88
UN Conference on Environment and
Development (UNCED) 69
UN Economic and Social Council 69
UN Environmental Programme (UNEP)
66,72
UN Special Session of Environment and
Development (1997) 119
World Commission on Environment and
Development 68
see also Intergovernmental Panel on Climate
Change; World Meteorological
Organization
United Arab Emirates
utility-scale PV power plants 13
United Nations see UN
United States see US
Unity College 118
Universidad Nacional de Ingenieria (National
Engineering University, Managua,
Nicaragua)
CIPRES 63
universities
student organizations 101
uses of renewables see education; see
also higher education institution uses of
renewables
University of South Florida, PV-powered
automobile charging station 37, 111
University of Texas at Austin 98
‘unnata chulhas’ 108
uranium xix
reserves estimated xvii, 70
see also nuclear power
urban applicability of renewables 71-74
US 13-14, 21, 30, 34, 36-37, 39-41, 55-59, 60,
72-75, 81-82, 99-104, 107, 110-111, 117



biofuels policies 31
biogas projects 28
Congressional Joint Economic Committee
94
Earth Hour 2009 observance 94
energy-guzzling appliances 90
impacts on world economy 117
large dams 20
need to secure oil supply in Middle East 118
net metering in 95
oil production xvii
proposals to combat climate change xxiii
proposals to free from dependence on
foreign oil xxiii
rebates for solar hot water 23
Solar America Initiative 99, 119
space programme 13-14
US Department of Energy 81
US Green Building Council (USGBC) 110
utility-scale PV power plants 13
wind energy programmes 15-19
wind farms integrated with agriculture 16
USA Today 103
USGBC (US Green Building Council) 110
utilities, electric
subject to Renewable Portfolio Standard 119
see also grid-connected PV systems; net
metering
utility-scale PV systems 9, 12-13

Valcent Products 30
values, social and organizational, need to
reorganize Xx
Vandermark family home 48
Vanguard I satellite 13
Vasto (Italy) 46
Vatican xxiii, 116
Vatican Radio transmission center 116
Vauban (Germany) 104
Vedas 83
vegetarian and vegan diet 91
Venezuela, large dams 19
venture capitalists 81
vertical axis wind turbines 18
‘victims of nature’ 77
video games 91
video security powered by PV 46
Vietnam
biogas plants 28
Earth Hour 2009 observance 94
vision, transforming xx
volcanoes as geothermal energy source 31

INDEX 167

volunteers 103-104
von Scarpatetti, Beat 105
Vosseler, Martin 105

Wainright Bank and Trust Company 99, 106
Wal-Mart Stores (consumer goods chain) 102
walking 93
wars
consequence of dependence on oil 78-79
control of natural resources xvii
control of oil supplies xvii
Gulf War (1991) 67
Iraq War (2003-) xvii, 67, 120
military costs 67, 76
protecting Saudi monarchy 78
Washington (DC) 111
wastes
animal and human, as energy source see
biogas plants
composting toilets 59
water
bottles, plastic, disposal 90
contamination from uranium processing xix
delivery systems 40
heating xxi, 22
pasteurization by solar cooker 25
pollution xviii
pumping, applicability of renewables 6
pumps powered by renewables 48, 71
wood burning for heating 22
see also solar water heaters
WCRE (World Council of Renewable Energy)
115
Weir River Estuary Center 104
Weissman, Jane 98
Wells, H.G. xxiv
WGBH (public broadcasting facility) 111-112
wheat straw in biofuel production 30
Whisper wind turbines 16
White Environmental Conservation Center 103
White Wave Foods 109-110
Whole Foods Market 102, 110
wholeness, crisis of 123
Wi-fi internet powered by renewables 46
wind farms 49, 51
producing renewable energy credits 110
wind parks, off-shore 50
wind power 15-19
advantages 18
potential renewable energy source 2, 4
direct costs 71
estimated production 15



168 THE RENEWABLE REVOLUTION

stored in hydrogen fuel cells 29
see also wind turbines
wind tunnels between high-rise buildings 53
wind turbines 15-19, 49-53, 80, 116
AIR 303 51
AeroVironment roof-mounted 17, 53
airports 96
cost effectiveness 19, 96
cost savings 103
costs 17
educational institutions 112
effect on birds 16
fueling hydrogen fuel cells 29
Germany 115
grid-connected 16
horizontal 18
Hull Wind 1 50, 103
Hull Wind 2 103
hybrid 16, 49, 52
innovations 15, 18
integrated with other renewable sources 108
integration with agriculture 16
large-scale commercial generation 51
Maldives 77
number in service 15
objections 17-18
offshore 17-18, 50
origins after World War I 15
personal generating stations 95
reliability 16
remote areas, advantages 71
siting 16
Skystream turbine 104
solar greenhouses 24
standalone 16
utility-connected 17, 96
utility-scale 16
vertical axis 18, 52
see also wind power
windmills see wind turbines
wisdom
cultural-spiritual based 80
holistic xix-xx
WMO (World Meteorological Organization) 66
wood burning for water heating 22
wood stoves 108
Woods Hole Research Center (Massachusetts)
111
wool and cotton dyeing by solar cooker 25
World Bank 75, 108, 117
World Commission on Environment and
Development 68

World Council of Renewable Energy (WCRE)
115

world energy consumption, estimates 81

World Meteorological Organization (WMO) 66

World Summit on Climate Change (Kyoto,
1997) 69

World Summit on Sustainable Development
(2002) 120

World Trade Center (Bahrain) 16

World Wildlife Fund 83

World Youth Day 115

Worldwatch Institute 76

Worthing (West Sussex) 42

Worthington (Massachusetts) 34

Wiist, Mark 105

Yunus, Mohammad 108
Zapotec Energy 99

zero-carbon-emission cities 117
Zipcar 91



	Contents
	Synopsis
	About the Author
	Acknowledgements
	Preface: Racing for Survival: Transitioning to a Renewable Energy Path
	Chapter 1 The Sun: The Enduring Light
	Chapter 2 Power to the People: Renewable Energy Technologies – Now!
	Photovoltaics
	Wind turbines
	Hydroelectric systems
	Solar collectors for hot water
	Solar greenhouses
	Solar Cookers
	Biogas plants
	A Brighter Future – Sprouting Now!

	Chapter 3 ‘A Picture is Worth a Thousand Words’
	Photovoltaics
	Hydroelectric systems
	Solar collectors for hot water
	Solar greenhouses
	Biogas plants

	Chapter 4 From the Collapsing Economy to a Sustainable Economy: The Real Economic Advantages of Renewable Energy Technologies
	The total cost of energy
	Sustainable Economic Development
	Fuelling a sustainable economy
	The sustainable economy: building a new foundation

	Chapter 5 The Renewable Revolution: Turning Vision into Action
	Turning vision into action

	Chapter 6 An Act of Dialogue
	Notes
	Preface
	Chapter 1
	Chapter 2
	Chapter 4
	Chapter 5
	Chapter 6

	Additional Resources
	Index

