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Preface 
 

The 6-8 June 20113 Workshop titled Peak Oil—Is Sustainable Development an Oxymoron? Search for 

Alternatives (henceforth called sustainability workshop) was conducted at Deccan Trails (a leisure-

pleasure-cum-education destination in close proximity to Hyderabad), Manneguda. 

 

    
View point of the reserved forest from the green Deccan Trails campus 

 

    
Workshop staying arrangements in tents and eating simple meals in a mess 

 

This workshop is part of a series of workshops and classes that have been held to increase discussion on 

issues such as sustainability, carbon, energy and ecological footprint, green technologies, energetics of 

human society, etc. 

 

Rationale for workshop 

 

Human society faces unprecedented challenges today.  Global warming, peak oil, overdraw of energy 

from nature, rapid deterioration of the environment and of life support systems, and extreme inequity 

threaten to tear the fabric of human society to shreds.  Their impact—rise in global temperatures and 

variation in precipitation and their attendant consequences on every aspect of the environment, food and 

water insecurity, mass hunger, deprivation and disease, lawlessness, and possibly a civilizational col-

lapse. 

  

The clutch of solutions suggested so far—sustainable development (whatever that may mean), trickle-

down effect, renewable energy, etc.—has not delivered.  ‘Sustainable development’ is a much misun-

derstood and misused term. 

 

Peak oil is a recent term that has currency to denote the peaking of oil production, after which it will 

decline.  Peak oil represents the phenomenon of the exhaustion of renewable and non-renewable natural 

resources, e.g., fossil fuels, ores, etc.  What may happen subsequently is difficult to predict.  The only 

thing we can say for certain is that society will no longer exist the way it did and that deep changes, 

including possible global civilizational collapse cannot be ruled out. 
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Central to this problematic are two questions:  What is our share of energy in nature?  And, how should 

we distribute it so that we become a sustainable, equitable and peaceful society? 

 

Some of the solutions are clearly local—solar water heaters on residential buildings, more public 

transport and encourage cycling, neighbourhood schools, having impacted people do impact assessment, 

encouraging local currencies, bicycle share systems, etc.  And some of the solutions are global—

defining a single sustainable energy index for all regions of the world, shrinking cities, etc.  Some of 

these solutions have been implemented in some countries. 

 

Yet there is need for a lot more public discussion that needs to be done on the kind of programmes we 

need to become a sustainable, equitable and peaceful human society, who will be the change agents, 

how will change happen?  This workshop was an attempt to further such a discussion. 

 
Workshop design 

This workshop was designed to explore the meaning of development and its consequences, the meaning 

of sustainability and whether the present mode of global development can ever be sustainable, and what 

may be required to be done to move towards genuine sustainability.  The workshop was designed to 

understand the contours of the debates of sustainable development, global energy security and energy 

equity. 

 

 
Formal presentations 

 

The workshop spent equal time on presentations and practical exercises for participants to work on, and 

provide ample time for discussion.   

 

Presentations were made by scientists and intellectuals who have been working on the issue of peak oil 

and have studied its implications on economic development. Formal presentations and practical 

exercises were inter-mixed with informal many discussions.  Movies were screened during the evenings.  

Each participant was given resource consisting of hardcopy articles and booklets and a CD containing 

several readings on the subject and the movies that were screened during the workshop. 

 

The workshop also provided time for the group to take nature walks in a nearby reserved forest and 

leisure time to relax from the heavy workshop sessions. 
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Informal discussions 

 

    
Nature walk through the reserved forest 

 

    
Identifying plant species in the reserved forest     Hanging out 

 

    
Leisure time 

 

Follow-up action 

 

The last half day was spent in planning a concrete action programme for whoever wished to join a group 

that would execute the programme. 
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Workshop agenda 

Day 1    

 

Morning session—Development 

 

Lecture: What is development—1.25 hrs: 

What is development—transforming natural resources into artifacts, economic, social, political 

development 

Role of energy in development 

History of development—hunter gatherer to late capitalism, uneven development 

Indices of development 

 

Practicals: How much energy do we require to ‘develop?’—1 hr 

Introduction to energy units and sources 

How much energy is required to be like average Americans/Europeans/Indians? 

 

Discussion—0.25 hrs 

 

Afternoon session—Consequences of development 

 

Lecture: Consequences of development—1.25 hrs 

Overconsumption/resource depletion—peak oil, depletion of other natural resources (Renewable 

resources—fresh water, fish, etc.; Non-renewable resources—fossil fuels, ores, etc.) 

Environmental impacts—environmental degradation, climate change 

Social impacts—social and economic inequity, conflict, civilizational collapse 

 

Practicals: Computing per capita energy consumption assuming equality and sustainability—1.5 

hrs 

 

Discussion—0.25 hrs 

 

Evening session—Movies and discussion 

 

 

Day 2  

 

Morning session 

 

Lecture: Global financing system and sustainability—1.25 hrs 

Finite energy resources following a Gaussian curve 

Exponential global financial growth 

Mismatch between financial growth and energy growth 

Consequence—financial collapse 

Alternatives energy resources—can they replace fossil fuels? 

Energy descent 

 

Practicals: Computing energy/carbon footprints for individuals—1.5 hrs 

 

Discussion—0.25 hrs  
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Afternoon session 

 

Lecture: Thermodynamics and sustainability—1.25 hrs 

Energy/resource consumption by class, nation and availability by source and region 

Carrying capacity and sustainability—overshoot, cornucopian myth, cargoism, drawdown, crash 

Economics and sustainability—Steady state economy, theory of value 

Exergy 

Thermodynamics and sustainability—2
nd

 law of thermodynamics 

Towards a set of principles for human society to live sustainably 

 

Practicals: Computing energy/carbon footprints for individuals—1.5 hrs 

 

Discussion—0.25 hrs 

 

Evening session—Movies and discussion 

 

 

Day 3 

 

Morning session 

 

Peak oil—1.5 hrs 

Peak oil: what is it? 

Fossil fuel reserves, consumption rates, peaking time 

Prospects for shale oil, tar sands, clathrates 

Prospects for nuclear and green technologies 

Economic and political implications of peak oil 

Global energy politics 

Implications of peak oil for India 

Impact on vulnerable populations 

Lessons from Cuba 

 

Afternoon session 

 

Towards solutions –1.5 hrs 

Solutions on offer—Welfare capitalism, Kyoto protocol, etc.—Will they work? 

Possible global solutions---Powering down, energy equity, re-defining ownership, control & 

management of resources, increase negentropy, solar society, redefining value, deep economics, de-

urbanization, soft borders, etc. 

Possible local solutions—Transition towns, urban waste management, conserving resources, re-

designing urban spaces, moving away from large energy and infrastructure projects, etc. 

Agency 

 

Follow-up programme—1.5 hrs 

Planning workshop series 

Organizing similar workshops in other places 

Action programme for workshop participants 

Networking & taking responsibility 
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Lectures 

 

Sagar Dhara, engineer and writer 

 

Lecture 1: Gain maximization for a few Vs. risk minimization for 

all: Choice that society will have to make to survive this century 

  

Sagar Dhara 

 

Introduction 

 

Four recent events, seemingly very different from one another—  

 

 Habitat shifts of certain species: Himachal Pradesh apples no 

longer growing at the same altitudes, but at higher ones, and butterflies 

in Northern America have migrated several hundred kilometers northwards. 

 

 Oil price shock: Oil prices soaring to an unprecedented US$ 147/barrel in April 2008 and then 

dropped to a third of that price 6 months later. 

 

 Global financial meltdown: The current global financial meltdown has led to a global 

recession, an ongoing job loss running into in the hundreds of thousands of jobs, stock prices 

nose diving and destroying trillions of dollars of market created capital. 

 

 Human relationships mediated by inanimate things: I was recently told by a lawyer, with 

whom I had a 20 year acquaintance, that he has come to know me through papers filed in court 

that made false allegations against me.  I asked him why he did not call me directly to find out 

the truth.  The lawyer kept mum. 

 

—are all related to the carbon cycle in some way or the other.  And human interference with this cycle is 

now making it go wonky.  But before explaining how these events are linked to the carbon cycle, we 

need understand a bit about carbon cycle. 

     | 

—C—  The name carbon is derived from the Latin word carbo, which means coal.  It is the fourth most 

abundant element in the universe, and  

     |      humans have known about it since antiquity.  As the carbon atom has a valence of four, it forms 

very complex molecules, unlike and very many more compounds than atoms that have a lesser valence.  

There are an estimated 10 million known organic carbon compounds. 

 

Carbon is Bramha, Vishnu and Shiva, all rolled into one——the creator, sustainer and taker of life.  

Creator—Life on earth exists because of the complex organic compounds that are a part of every life 

form.  Sustainer—The food that we eat and the fuels we consume have carbon as a major element.  

Taker—The use of fossil fuels, basically carbon, is the main cause of air pollution—global, regional and 

local.  The buildup of atmospheric carbon dioxide in recent decades is life threatening. 

 

Carbon cycle 

 

Humans exist because of carbon, and their survival is owes itself to the carbon cycle. 
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Four billion years ago, when life was still to form, the earth’s atmosphere was constituted predominantly 

by carbon dioxide and the average temperature was a sizzling 290
o
C.  The first life forms—micro 

flora—developed the ability to make high energy organic compounds through photosynthesis, removing 

carbon from the atmosphere and releasing oxygen to it.  This process along with silicate rock 

weathering, cooled earth to its current average temperature of 13
o
C, making it habitable for other life 

forms.  This did not happen on Venus or Mars as they did not develop carbon scavenging life forms. 

 

 CO2 (%) N (%) O2 (%) Temperature (
o
C) 

Venus 96 3.5 <0.01 477 

Mars 96.5 <1.8 <0.01 -53 

Earth without life 98.0 1.9 Trace 290 

Earth with life 0.03 78 21 13 

Atmospheric constituents and temperature on selected planets 

 

Photosynthesis 

 

Heterotrophic creatures (egg, mammals that 

developed later than photosynthetic organisms) 

burnt organic compounds made by photosynthetic 

organisms with the help of oxygen thus producing 

carbon dioxide that was released to the 

atmosphere.  Both photosynthetic and 

heterotrophic organisms die, and decomposers 

break down dead organic matter to release carbon 

dioxide, which eventually re-circulates its way 

back into the food web. 

 

But the carbon cycle is not quite as simple as 

described above.  Over the millennia, carbon from 

the atmosphere has been locked down in various 

carbon reservoirs or pools: land—rocks, soil, vegetation; water—as calcium carbonate in shells, corals; 

and fossil fuels. 

 

Carbon accounting 

 

Carbon from land and water carbon pools enters and exits 

the basic carbon cycle described above.   The complete 

traverse of carbon through all land, water, plants and fossil 

fuels constitutes the carbon cycle. 

 

 

 
 

 

 

 

 

 

 

 

Location Carbon pool {in Giga (10
9
)  

tons of carbon} 

Rocks 65,000,000 

Oceans 39,000 

Soils 1,580 

Atmosphere 750 

Land plants 610 
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Active Carbon Pool:

Carbon is always moving between the 

forests, atmosphere and oceans

The overall amount in all three carbon 

stores together does not increase

Fossil Carbon Pool:

Carbon is locked away and does 

naturally not come in contact with 

the atmosphere 

Fossil carbon is stored permanently 

in coal, oil and gas UNLESS 

humans mine coal, extract oil & gas

Once released, it will not move 

back into the fossil carbon pool for 

millennia – the time it takes for 

fossil carbon to be created

Forests, Soil, other VegetationOceans

Fossil Fuels: 

Oil  Coal  Gas

Pre-industrial fluxes are shown in black and ‘anthropogenic fluxes in red. The net terrestrial loss of -39 GtC is inferred from 

cumulative fossil fuel emissions minus the atmospheric increase minus ocean storage.  The loss of -140 GtC from the 

‘vegetation, soil and detritus compartment represents the cumulative emissions from land use change and requires a 

terrestrial biosphere sink of 101GtC.  ‘GPP’ is the annual gross (terrestrial) primary production.  Atmospheric carbon content 

and all cumulative fluxes since 1950 are as of end 1994.  Source: Working Group I contribution to the IPCC’s Fourth 

Assessment Report 

   The global carbon cycle for the 1990s in GtC/yr 

  

In its Fourth assessment report, the Intergovernmental panel on climate change (IPCC) estimates carbon 

fluxes for the periods 1990s and 2000-05: 

 

Carbon fluxes (GtC/Yr)  1990s  2000-05 
Land use change flux   1.6  1.6 

Fossil fuels+cement emissions 6.4 ± 0.4 7.2 ± 0.3 

Net flux to atmosphere  8.0  8.8 
Net ocean to atmosphere C flux -2.2 ± 0.4 -2.2 ± 0.5 

Residual terrestrial sink  -2.6  -2.5 

Net flux from atmosphere  -4.8  -4.7 

 

Atmospheric increase  3.2 ± 0.1 4.1 ± 0.1 

  

The estimates indicate that in the last decade, the earth’s 

carbon flux to the atmosphere due to emissions has 

increased by 0.8 GtC/Yr, whereas earth’s carbon absorbing 

capacity has decreased by 0.1 GtC/Yr.  We are now 

dumping (8.8 GtC/Yr) into the atmosphere almost twice the 

carbon than can be absorbed (4.7 GtC/Yr) back to earth.  

This excess carbon dumping has interfered with the carbon 

cycle, which remained stable till the time that earth’s 

carbon absorption capacity exceeded our carbon dumping 

quantity. 

 

The total carbon on earth being constant, the additional 

carbon, often termed as anthropogenic carbon, being pumped into the carbon cycle (active carbon pool) 

comes largely from fossil fuels where carbon was locked away (fossil carbon pool) hundreds of millions 

of years.  A smaller fraction comes from deforestation and agricultural development, where it has been 

stored for decades to centuries.   
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Tipping points 

 

We are poised on an abyss.  Three tipping stare us in the face—global warming, energy crisis, and rapid 

deterioration of the environment and life support systems on earth.  All three tipping points are 

intimately related to human interference with the carbon cycle.  Any one of the tipping points has the 

potential to wreak havoc to human society as we know it today. 

 

Global warming 

 

Two thirds of the 244 GtC of fossil carbon mined since 

industrialization began has deposited itself in the atmosphere, 

increasing its carbon repository by 27% (see carbon cycle above).  

The balance has lodged itself in land and water.  The additional 

carbon in the atmosphere has increased carbon dioxide concentration 

from 280 ppm in the pre-industrial times to the current level of 382 

ppm.  Prior to 1750, carbon dioxide concentrations remained stable 

at 260-280 ppm for 10,000 years. 

 

Concentrations of other important greenhouse gases—methane, 

nitrous oxide and tropospheric ozone—have also risen in the last 250 years.  These gases together and 

carbon dioxide will contribute in equal measure to global warming, the predicted impacts of which 

are expected to ravage the earth and human society.  As other pieces in this compendium deal with this 

issue in greater detail, only a brief summary of some of the main impacts are presented below. 

 

     
 

And the problem is not going to blow away quickly even if emissions were reduced immediately as 

greenhouse gases have long persistence times in the atmosphere.  Only 50% of atmospheric carbon 

dioxide will be removed within 30 years, the balance will remain for centuries as the time to add CO2 

from fossil fuel burning and forest removal is short, but the time for its removal is long. 

 

Development drivers 

 

Energy:  All life forms as we know them are energy converters.  They seek and use energy for their 

survival.  Living beings other than humans take only that much energy from nature as they require for 

survival and reproduction, and this has remained constant through time.  Humans use more energy than 
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Between 1800-2000, humans produced 

3 peta units (1015 kwh) of energy, 

almost a third of it in just the last two 

decades of that period.

Total and per capita energy use 

grew slowly until the industrial 

revolution, after which, it has 

grown asymptotically.

is required for bare survival and reproduction, and 

their per capita energy consumption today is more 

than a hundred times that of primitive man. 

 

Energy is one of two prime development drivers that 

helped human society to reach where it has. 

 

Knowledge:  Humans learnt how to tap energy 

available in nature for their benefit.  Knowledge of 

energy conversion is the second driver of human 

development.  This knowledge was continuously 

upgraded to tap even greater quantities of energy from 

nature. 

 

Colonization of the environment:  Throughout history, humans migrated and colonized new 

environments to tap energy sources when their old environments no longer yielded enough energy.  

They were able to do this because they continuously created new knowledge of energy conversion.  

Animals could not do this.  They merely adapted to their environments, survived if the environment was 

favourable and provided them with their energy needs, else perished if the environment turned hostile 

and no longer provided them with energy. 

 

Energy crisis 

 

The second tipping point is the impending energy crisis which will end of the cheap energy period, or 

peak oil as it is popularly called. 

 

Until the fourteenth century, the main energy source for human society was human and animal power 

and wood.  Coal first began to be used in Britain over 500 years ago.  Its widespread use in London in 

fact made John Evelyn remark in 1661 that, “London resembled the suburb of hell.”  Coal became the 

first fossil fuel to be widely used after the industrial revolution began.  Several 18
th

 and 19
th

 century 

inventions—the steam engine, the railway locomotive—used coal to power them. 

 

Oil was first extensively drilled in Pennsylvania, USA in 1860.  The oil rush over the next 30 years 

paralleled the earlier gold rush in “wild west” America.  Oil was first used as a lighting fuel by refining 

it to make kerosene.  Oil became the route to quick fortune for the enterprising.  Many also lost their 

fortunes as quickly as they made them.  It took ruthless business tactics of the likes of John D 

Rockefeller, who made his millions in the latter half of the 19
th

 century by integrating oil production 

with refining and marketing and edging out competition, to retain his fortune. 

 

At the turn of the 20
th

 century, Winston Churchill, the then British Defense Secretary, ordered that 

Royal Navy warships replace their coal fired boilers with oil fired ones.  This would give them greater 

speed, and hence an edge over warships of rival navies.  He also secured assured oil supplies from 

Persia.  This allowed the Royal Navy to maintain superiority at sea in World War 1. 

 

It was between the two world wars that the automobile and aircraft industries grew rapidly, and with 

them so did the demand for oil products, in particular for gasoline. 

 

World War 2 was again a war fought over energy resources.  Japan had no coal or oil.  To get coal, 

Japan invaded Manchuria in the early thirties.  After attacking Pearl Harbour, Japan invaded Indonesia 

for oil.  Germany invaded Russia not for real estate but for the Baku oil wells.  Finally, Japan and 
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This map 
explains the 
current “war 
on terrorism”
in the Middle 
East

Germany ran out of oil, and this contributed in no small measure to their losing the war. 

 

The more recent interest in the Middle East and the armed conflicts there are all related to control over 

oil.  The last 150 years of global politics has been dominated by the need for access and control over oil. 

 

Gas is a more recent fossil fuel that has come into use.  While gas meets 21% of human primary energy 

requirements, it has not quite influenced global politics to the same extent as oil has done. 

 

The world’s appetite is voracious.  We are now consuming more than 12,000 Mtoe, double the amount 

that we were consuming just 35 years ago.  Energy demand is projected to grow at 3% per annum. 

 

The open secret is that oil production has either peaked or will peak shortly, after which it will decline.  

US and the North Sea oil production has already peaked.  Gas production is expected to peak about two 

decades after oil production. 

 

         

 

 

In the recent past oil prices had risen to almost US$ 150 before dropping to less than a third that price 

because of a demand slump.  These price levels are unsustainable and prices will go up again after the 

global economy recovers.  There is speculation that oil prices will hit the US$ 200-250 band.  That will 

trigger a demand destruction of a magnitude that would far exceed that modern society has seen 

hitherto, and a possible complete collapse of the global economy.  And if that happens a social collapse 

will follow with lawlessness becoming widespread—armed brigands controlling neighbourhoods, the 

re-formation of fiefdoms.  Human life could then become far less  
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• Today, we require 1.4 earths, and by 2015, we will 
require 2 earths to meet human consumption 
demands.

• Much of this growth has been due to the increase in 
human population and increased  demands on 
natural resources.

secure. 

 

 Peak oil—Red bars indicate discovery, black line indicates production 

 

Rapid environmental and life support system deterioration 

 

We have become debtors.  The amount of raw material that we are extracting from the earth and the 

wastes that we are discarding require not one earth, but 1.5 earths, and by 2015, we will require 2 earths.  

A 

living planet index of 0.75 today as against 1 in 1980 indicates that we have degraded our environment 

significantly.  Clearly, we are well into consuming our natural capital.  

 

Air:  Fossil fuels are the common source that has helped poison our air—globally 

and locally.  While the burden of disease that climate change will cause are still to 

be accurately estimated, local air pollution is causing over 2.5 million excess 

mortalities and more than 300 million excess morbidities annually.   The ozone 

hole over the Antarctica caused by stratospheric ozone is now the largest.  While it 

is expected to recover about 50 years hence, it is expected to take its toll on human 

health and the environment. 

 

Developed nations use significantly higher amounts of fossil fuels per capita, and 

continue to be the main emitter of global pollutants (CO2) and local pollutants 

(SO2, NO2, PM). 
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They have the money to clean up their local pollutants.  Developing nations, by following the same 

development paradigm as the developed nations are doing their people a dis-service.  For example, in 

India, it would cost Rs 1000 Cr/km
2
 to habitat re-design to improve air quality.  Bangalore city requires 

Rs 250,000 Cr to do an air quality cleanup.  Developing nations do not have this kind of money, hence 

the problem will be pushed onto people in the form of burden of disease. The solutions in developing 

have to be radical and the primary strategy should be to prevent emissions, not control them after they 

have been caused. 

 

Water:  By 2025, a third of the world’s population is expected to face absolute water scarcity and the 

other two thirds would be water stressed.  Contaminated water is a cause for great worry as it causes as 

high a burden of disease as polluted air.  Total marine and freshwater fish catch have declined due to 

overfishing, causing desertification’ of the oceans. 

 

Land:  Unsustainable land use are causing unprecedented land degradation—deforestation, 

desertification, soil erosion, nutrient depletion, soil salinity, soil moisture reduction, chemical 

contamination and biological cycle disruption.  Global forest area shrink is estimated to be 0.2% 

annually, which is equal to about 7% India’s land area.  Dry lands, that cover 40% of earth’s land 

surface and support a third of its population, are at greatest risk of desertifying.  Ninety percent of dry 

lands are located in developing countries. 

 

Biodiversity:  Loss of biodiversity and ecosystem services is more rapid than at any other time in 

human history.  Rates of species extinction are increasing and genetic diversity is on the decline.  The 
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To understand human “DEVELOPMENT” and ENVIRONMENTAL 

DEGRADATION,  it is critical to understand their drivers—ENERGY and 

KNOWLEDGE flows

economic and cultural value due to loss of biodiversity is yet to be understood and computed. 

 

The overuse of fossil fuels has interfered with the carbon cycle and is causing the depletion of 

fossil fuels and the end of the cheap energy epoch which threatens to cause the collapse of the 

global economy.  Global warming and erosion of the environment and its life support are direct 

consequences of energy use at unprecedented levels.  All three tipping points coming to a head 

almost at the same time is like a triple whammy for human society.  The impact that they will 

have on the ecosystem and on human society is yet to be comprehended. 

 

Embodied energy 

 

Embodied energy (eMergy) is the sum total of all 

manner of energy—human, fossil fuel, etc.—that 

has gone in to produce a product or service.  A pen, 

car, human services such as transporting goods and 

people all have embodied energy.  Even humans 

have embodied energy as right from childhood, we 

have been cared for by our parents and educated by 

our teachers.  The value of a product or service is 

directly proportional to the amount of embodied 

energy it contains. 

 

The concept of eMergy is important to understand 

how the complex environment-economy systems 

work. 

 

Solar energy powers the earth’s ecosystem—climate, oceanic currents, living beings, etc.  Humans have 

learnt to use energy to fashion natural resources to fulfill their wants.  A house, whether a small hut or a 

steel and cement structure, are examples of embodied energy concentrations.  Much of the energy that 

humans have tapped so far is ultimately derived from the sun, whether it is fossil fuels, wood, hydro-

power, or green energies. 

 

Humans use energy and raw materials from the ecosystem to create eMergy-packed products and 

services in what is termed as the economic system.  Waste materials and heat are allowed to flow back 

into the ecosystem.  eMergy-packed products and services are priced while those that do not have 

eMergy are not.  Direct solar energy, wind, air are not priced. Waste products and pollution are not 

priced as the energy that has gone into their creation is accounted for in the primary product or service 

that has been produced. 

 

Fossil fuels have helped create a large amount of eMergy within the short period of a couple of 

centuries.  This large amount of eMergy owes itself to the carbon cycle. 

 

eMergy seems have a life of its own.  Humans have become obsessed with accumulating eMergy.  

Instead of eMergy catering to human needs, it is almost as if eMergy is making humans work for it.   

 

Inequity 

 

eMergy created by a person, when appropriated by another, is the basis of class society.  For example, a 

slave is provided with a certain amount of eMergy in the form of food, housing and other wherewithal to 

take care of his and his family’s survival.  The grain that he produced by farming his owner’s field and 
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other services he performs are appropriated by the slave owner.  The 

energy embodied in the grain exceeds the energy and eMergy input that 

the slave gets, the excess being appropriated by the slave owner. 

 

Throughout class society, starting from slave society through capitalism, 

eMergy has been appropriated by a few from the many.  The process of 

accumulating surplus eMergy is the same in all class society, i.e., energy 

and eMergy input to the have-not class being less than the output, the 

excess being appropriated by the class of haves.  The forms in which this 

process happens, however, gets more complicated in feudalism and 

capitalism.  Fossil fuels have hugely accentuated eMergy inequity. 

 

Per capita energy consumption today across regions is highly skewed.  A 

South Asian consumes an average of 0.5 Toe, a European 4 Toe and an 

American 8 Toe. 

 

Energy consumption inequities allow for inequities in consumption.  eMergy consumption is an 

addiction like smoking.  It grabs you and seduces you, and is even more difficult to quit than smoking. 

 

Energy/eMergy stealing 

 

Human society has stolen energy from nature by colonizing newer environments throughout history and 

using newer energy conversion technologies to extract even greater quantities of energy.  As greater 

amounts of energy are squeezed out of nature, there would be less energy for other life and the 

environment would degrade. 

 

Within human society, the haves have found a way of stealing energy and eMergy from the have-nots.  

To ensure that have-nots deliver more eMergy than the energy/eMergy input they receive, the haves 

hold energy converters as private property, i.e., land, water, draught animals, energy conversion 

machines, and during slavery, humans as well, as they too are energy converters. 

 

Amongst all the ‘commons’ harvesting energy was the easiest from land.  It was the first to be 

privatized, from the times of antiquity.  The privatization of water is more recent and can be dated back 

to a couple of hundred years.  

Harvesting energy from air is 

the most difficult.  The process 

of privatization of the 

atmosphere has just begun 

with the Kyoto protocol, not to 

harvest energy, but for 

dumping wastes.  The Kyoto 

Protocol has created dumping 

rights for the developed 

nations, which in any case 

have the highest per capita 

greenhouse gas emissions. 

  

Per capita primary energy consumption 

 

Region toe/yr 

Central Africa 0.34 
Northern Africa 0.69 

Southern Africa 1.18 

Australia-New Zealand 5.56 
Central Asia 3.43 

NW Pacific + East Asia 1.28 

South Asia 0.49 
SE Asia 0.73 

Central Europe 1.81 

Eastern Europe 3.49 
Western Europe 3.86 

Caribbean 1.11 

Meso America 1.29 
South America 1.13 

North America 8.08 

Arabian Peninsula 3.62 
Mashriq 1.23 
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Boundaries, nations and state 

 

Boundaries have been created by human society from ancient times.  It is a way of staking claim and 

making a public proclamation that a particular society had the right to harvest the energy, and therefore 

the natural resources, within the bounded area.  Boundaries remained fuzzy for a long time.  In earlier 

times, village boundaries were marked by geographical landmarks such as a hill or a stream.  The 

development of the capitalist nation state made boundaries more exact and sacred. 

 

The state is an institution that has potential eMergy which can be converted to kinetic eMergy to 

facilitate the extraction and accumulation of eMergy by the class of the eMergy haves from within 

national boundary.  It does this by framing a set of laws and creating a mechanism that holds potential 

eMergy.  If the law is transgressed by the hapless, the state acts by imprisoning the person (use of 

energy).  The creation of the police and judiciary that can act against the offender is essentially creating 

potential eMergy. 

 

Human conflict 

 

All human conflict is fundamentally driven by human 

perception of the potential difference in the access and 

control of energy and eMergy between people.  The 

seeds of conflict are sown when one set of people 

perceive that they have lesser access and control over 

energy and eMergy resources than another set.  This 

explains class, gender, race, caste, conflicts, as well as 

conflicts between nations.  In the last century, three 

types of conflicts—interstate, colonial and civil wars 

were responsible for 100 million deaths. 

 

The energy producing potential of land and water has 

also determined settling and migration patterns of 

ancient people.  The first agricultural civilizations were found in the Indus, Mesopotamia and Nile 

valleys, where the soils were rich and produced high energy levels (measured as net primary 

production).  Conflicts between people were largely around the capture of lands that yielded high energy 

levels.  Wars have never been fought over Antarctica. 

 

 

Fetishism 

 

Human no longer relate to one another directly.  Their relationships are mediated by eMergy.  The 

economic and social status of an individual is determined by his eMergy accumulating capacity and 

eMergy holding.  For example, the relationship between a landlord and his tenant is mediated by the 

landlord’s holding, which can be thought of as eMergy.  Such mediation of human relationship by 

eMergy, where it has become more important than humans, tantamount to fetishism and has wreaked 

havoc in relationships even between siblings, and parents and children. 

 

Some non-solutions 

 

Energy is quite clearly at the centre of our current problems.  And it is getting over.  The search is on to 

find alternatives.  But such search is basically supply side management, which, given the limited 

resources on earth, is bound to fail. 
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Green energies:  One possible alternative is green energies.  While they look attractive, unfortunately 

none of the green energies have the energy density that fossil fuels have.  A joule invested in fossil fuels 

yields 30 joules or more.  A joule invested in green energies yields 0.5-2.5 joules.  Clearly they do not 

match fossil fuels.  For example, 0.75-1 ha of land is required to run 1 vehicle on bio-diesel per year.  

To run all of Hyderabad 2 million vehicles on bio-diesel would require 15,000-20,000 km
2
, i.e., 8% of 

Andhra Pradesh’s area. 

 

Wind is fickle and the energy produced by wind turbines has to be stored.  Moreover, it requires a lot of 

land.  To produce the total energy requirement of UK with wind farms requires 33% of UK’s land area. 

 

Every other green energy has similar problems or they are not techno-economically viable.  And the 

much touted “hydrogen” solution will not work as hydrogen is only an energy carrier.  It is not a fuel.  It 

takes a lot more energy to produce hydrogen as compared to the energy that hydrogen will yield. 

 

Nuclear power:  Besides being prohibitively expensive and being plagued with safety and hazardous 

waste disposal issues, conventional nuclear reactors are beset with another problem.  Uranium reserves 

will last 80-100 years for the current operational reactors.  If uranium requirement goes up say three-

fold, uranium reserves will last barely 25-30.  Even if new uranium reserves are discovered, they are not 

expected to make reactors work for more than 40-50 years.  Even though fast breeder reactors were built 

many years ago, they still have still to produce sufficient power that is commercially viable. 

 

Coal:  The world has ample coal reserves to last another 200 years at current consumption rates.  As oil 

and gas deplete, there will be a tendency to replace them with coal.  This will only accentuate global 

warming as coal emits more CO2 per joule produced than oil or gas. 

 

Other technologies:  There are a clutch of other energy technologies, but none of them shows promise 

of being techno-economically viable at present. 

 

Energy efficiency:  Another solution that is often offered for the impending energy crisis is to increase 

energy efficiency, i.e., to reduce the amount of energy used through improvements in technology, 

materials and market management.  Thermodynamic cycles, e.g., Rankin cycle, have a maximum 

theoretical efficiency.  Power plants that work on these cycles, if worked at maximum efficiency, can at 

best use only about 38% of the energy stored in coal.  Energy efficiency by itself cannot reduce the 

voracious and growing appetite that society has for energy consumption. 

 

Decreasing individual consumption:  An entire school of thought advocates that we should reduce our 

individual consumption.  While this is laudable and necessary to gain moral authority, it cannot solve 

the problem as the Jevons’s paradox will stand in its way.  Think of it like this.  If I decreased my power 

consumption, I would put the money saved in my bank account.  Banks work on the principal of 

borrowing cheap and lending dearly.  So, someone else who borrows my money through a bank has to 

make more profit so that he is able to repay the bank the principal and the interest.  If a city street has 

become clogged with too many vehicles, and air pollution levels have become dangerously high, a city 

planner’s tendency is to widen the road.  But within a short time, more vehicles are put on the widened 

road, and the road is back to square one.  As long as the economy is in a growth paradigm, individual 

effort to reduce consumption will not help except to make a public expression of a sentiment.  The 

question that begs asking is how to get everyone to reduce consumption. 

 

  



20 
 

Economies of greed and development 

 

A social system that allows and legitimizes the stealing of energy 

from nature and stealing of energy/eMergy from other humans 

will perforce develop an economic outlook that is based on 

greed.  To fulfill their underlying logic, such economies must 

keep growing continuously.  If they stop growing, they go 

against their logic and must collapse. 

 

Traditionally development is defined as:  Development = 

growth + equity. 

 

Trickle down effects are expected to gather the new wealth that has been created and distribute it to the 

have-nots.   Unfortunately, trickledown theory has failed, and inequity has only grown in the last 150 

years.  In this period, the richest 25% in the world have commandeered a greater share of the total global 

income, whereas the poorest 25% have lost share. 

 

Development re-defined 

 

I am offering a broad global agenda for re-defining development acutely conscious that the devil is in 

the detail, i.e., how this broad agenda can be teased out into a workable programme for each region.  I 

am only at the beginning of that long road to re-defining development.  By penning my thoughts, I am 

hoping that others will join the discussion on these very important issues and help in coming up with a 

programme through collective dialogue. 

 

The core solution for the current situation that we find ourselves is not in trying to find additional 

resources—energy and other natural resources or find better ways of disposing our wastes, but how to 

do with less so that we and nature together survive, and how to distribute whatever we use from nature 

equitably. 

 

With oil and gas becoming 

scarcer, and energy prices 

expected to climb, economic 

growth is expected to slow down 

or even become negative.  The 

problem of development than 

becomes one of achieving equity.  

But should the equity be only between people of the current generation, or between generations, or even 

between species?  With the three tipping points staring us in the face, this question and another, “What 

is our relationship to nature” will begin to dominate human discourse and action. 

 

Appropriation and accumulation of eMergy is the cause for the earth to come to the present cross road 

where it faces three tipping points.  Inequity can therefore no longer be divorced from environmental 

issues. 

 

And conserving the environment cannot be divorced from energy issues.  As long as there is expansion 

of energy use, the tiger cannot be saved, except perhaps in captivity, as forests will perforce disappear.  

 

Environments provide life sustaining energy.  Environments are now in private hands, and the energy 

harvested from them appropriated by their owners.  People must now recover their environments in 

Year Percent income 

 Richest 25% Middle 50% Poorest 25% 

1860 58% 30% 12% 

1913 69% 25% 6% 

1960 72% 25% 3% 

  Richest 20% Middle 60% Poorest 20% 

2000 74% 24% 2% 
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order to control their lives.  Else, people will be controlled by those who harvest energy from 

environments. 

 

If we are to find a way to navigate past the three tipping points with minimum damage, we must begin 

to believe that the problem does not have technical, legal or economic fixes. 

 

For a start, let me define development as not to mean growth, but to mean equity, i.e., how to ensure that 

all people have equity in terms of: 1) access to energy and other natural resources, 2) consumption of 

energy and other natural resources, 3) participation in decision making over all issues related to energy 

and natural resources, in such a manner that the eco-footprint for earth as a whole, and its various 

geographic regions, do not exceed their bio-capacities.  While it may be easy to talk about energy 

equities, the roadmap to get people in developed regions to reduce their energy consumption will not be 

an easy task. 

 

This can only be achieved if global outlooks change from the current “Gain maximization for a few” to 

“Risk minimization for all”.  Animals instinctively follow the latter way of behaving.  Only humans 

follow the former, which is what has brought them to a crossroad. 

 

Changing paradigms is not at all easy as no one will voluntarily give up the eMergy they have already 

accumulated.  How then this can be achieved will be discussed later.  Suffice to say that if the risk 

minimization paradigm is to be implemented, it perforce means powering down, i.e., reducing global 

energy consumption, and living in society that believes and practices equity in whatever it has defined it. 

 

A very quick way to power down is by dismantling all borders.  This will get rid of war machines, and 

save 15-20% of current energy consumption, reduce conflict in this very troubled world and also pave 

the way for equity as it will allow for people to travel freely anywhere in the world. 

 

It also implies that global energy consumption must be halved within the next 10 years.  For some 

strange reason, those in developed countries who believe in equity are resistant to living with less 

energy (and comfort). 

 

Ultimately, it is technologies that harvest the sun that we must move towards.  Only they are 

sustainable.  The sectors that require immediate technology shifts towards solar technologies are 

transport and food preparation. 

 

To move towards a sustainable economy: The rate of use of renewable resources should not exceed their 

regeneration.  The rate of use of non-renewable resources should not exceed the rate at which 

sustainable renewable substitutes are developed.  The rate of pollution emission should not exceed the 

assimilative capacity of the environment. 

 

The ecological footprint of the developed world exceeds bio-capacity.  The footprints of all regions must 

be within their bio-capacities.  In a borderless world, this will allow for the migration of populations 

from regions that is low energy yielding to those that are high energy yielding. 

 

Some of the priority issues that need to worked upon are food, water and physical security, conserving 

biodiversity and life supporting systems—land, water, air, doing disaster management to save as many 

people as possible from the ravages of the three tipping points will cause. 

 

One of the most challenging tasks will be to make a society that will have large scale energy converters 

only in collective ownership.  This will ensure that eMergy appropriation and accumulation does not 
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accrue in the hands of individuals.  This will also ensure that fetishism is minimized if not altogether 

removed. 

 

 
 

Humans have already caused an 

incalculable amount of violence 

to nature and to other humans.  

In the past, social 

transformations have been 

attempted to be brought about 

through the use of violence.    

Any attempt to bring about 

further social transformations 

through violence will erode the 

moral stature of those social 

change protagonists.  Any social 

change must now be done in an 

absolutely non-violent manner. 

 

Conclusions 

 

All the four events described in 

the introductory section are 

linked to human interference with the carbon cycle.   

 

 Habitat shifts of certain species: Himachal Pradesh apples and butterflies require cooler 

climes, and global warming has made their previous habitats too hot for survival.  The additional 
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Carbon pumped into the carbon cycle from fossil fuel burning has remained in the atmosphere as 

it could not be sequestered back.  Carbon dioxide concentrations in the atmosphere have 

increased by 100 ppm over their pre-industrial concentrations, causing an average rise of 0.74
o
C 

in the earth’s temperature.  

 

 Oil price shock:  Fossil fuels are the creation of the carbon cycle of the yesteryear.  A resource 

that took nature millions of years to make is being used up in less than five centuries.  The 

carbon cycle does not have the capacity to create fossil fuels anywhere close to the rate at which 

they are being used, hence they will deplete.  As oil reserves deplete, and carbon is the market 

will increase oil prices. 

 

 Global financial meltdown: In an attempt to maximize profits, low interest housing loans were 

doled out in the US.  Many who took loans were unable to repay them.  Piled up bad debts 

collapsed some financial institutions, shaking investor confidence and causing the financial 

meltdown.  The strong desire to maximize profits is driven by the combination of two factors—

large eMergy pools that fossil fuels (created by the carbon cycle) have helped create and the 

fetish that owning a large amount of eMergy (which capital in the form of profits represent) 

helps relate to other humans from a commanding and respectful position. 

 

 Human relationships mediated by inanimate things:  The lawyer did what everyone else 

does.  He preferred to learn about me through a piece of paper, rather than talk to me directly.  

He allowed eMergy to mediate our relationship, rather than have a direct relationship with me 

because the fetish that eMergy has created is overpowering. 

 

Postscript 

 

I may be a pessimist in believing that human society is on a self-destruct path and that there is not much 

we can do except to try and save as many people from the ravages of the coming apocalypse that the 

three tipping points will cause, and to prepare the ground for a brave new post-carbon society that is 

based on equity and living in peace with nature and as a part of it.  I hope my pessimism is misplaced, 

and I am proved wrong. 

 

Finally, I would like to end by quoting Albert Einstein:  “The significant problems we face cannot be 

solved at the same level of thinking that we were at when we created them.” 

 

Lecture 2:  Is sustainable development an oxymoron? 

Sagar Dhara
1
 

Development implies energy use.  But fossil fuels, which meet 85% of the world’s commercial energy needs, are exhausting 

as we have overdrawn energy from nature primarily to serve the greed of developed countries and the rich.  No other viable 

alternative energy sources are currently in a position to replace fossil fuels.  Sustainability implies reducing energy con-

sumption.  Sustainable development, today’s catch-phrase, is an oxymoron
2
. For sustainable living, we need to reduce our 

                                                           
1 The author belongs to the most rapacious predator tribe that ever stalked the earth—humans, and to a net destructive discipline—

engineering, that has to take more than a fair share of the responsibility for bringing earth and human society to tipping points.  You can 

write to him at: sagdhara@gmail.com 

2
 An oxymoron is a figure of speech that combines contradictory terms 
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energy consumption by at least 40%, move towards energy equity and replace today’s dominant global outlook of “Gain 

maximization for a few” by “Risk minimization for all.” 

Energy is central to development 

In an interaction with some engineering college students some months ago, I asked my young friends 

what they thought was the relationship between human development and engineering sciences. The re-

sponses broadly defined development as ‘upgrading’ entities such as land, infrastructure, city spaces, 

markets, etc.  For example, land development meant upgrading the utility of land. 

We stayed with that understanding and I posed my next question, “What factors affect upgrades the 

most?” After some discussion, the dialogue isolated two factors—knowledge and energy use. 

Knowledge of what?  Of energy conversion. 

We felt that we had made a good beginning, so we decided to continue the dialogue. After I posed each 

question, the students provided various answers and there was heated discussion before we arrived at a 

consensus. 

Why is energy so very central to development? Because no physical, chemical, geological, and biologi-

cal transformation is possible without energy expenditure; for example, plants grow using sunlight, 

transport happens using some form of energy—animate, fossil fuels, wind, water, continents, and seas 

are shaped by geo-thermal energy, goods and services are produced expending energy. 

Energy in history 

Now the discussion was getting interesting. Historically, what were the energy sources that humans 

used? Humans have always been solar farmers, i.e., they have used solar energy, either directly or indi-

rectly to fulfil their needs. 

From the time Cro-Magnon appeared 50,000 years ago till the time agriculture was invented 10,000 

years ago, humans used their muscle power and biomass as energy sources. Early farmers domesticated 

animals and used them for transport. Animate energy (human and animal energy) is a product of sun-

light. Plants use sunlight to convert atmospheric carbon dioxide (CO2) into biomass. Animals and hu-

mans are dependent either on plants or herbivores for their energy intake. 

Fossil fuels (coal, oil, gas) began to be used 500 years ago, and have gradually replaced biomass and 

animate energy as the primary energy source for powering human society. Fossil fuels are products of 

ancient sunlight and were formed by the Earth exerting pressure and temperature on dead plants and an-

imals from the Carboniferous period (300 million years ago). Today, we use 12,000 million tons of oil 

equivalent (toe is the energy in one tone of oil), 85% of which is from fossil fuels. 

Energy consumption has grown by leaps and bounds between when humans were primitives and now.  

Every major technological shift in human civilization has more than doubled per capita energy con-

sumption. Per capita energy consumption grew at a slow rate until the industrial revolution, after which 

it exploded. A third of the energy consumed in the last two centuries was consumed in just the last two 

decades. Today, each of us consumes more than 100 times more energy that our primitive ancestors did. 
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Energy overdraw 

In recent times we have overdrawn on the Earth’s capacity to deliver energy and natural resources and 

the Earth is groaning in its attempt to meet our demands. We now require 1.5 Earths in order to satiate 

our energy needs. We have dipped into the Earth’s natural capital rather than live off its interest; for in-

stance, rather than using only rainfall for agriculture, we are using increasing amounts of groundwater, 

thus lowering groundwater levels each year. Rampant environmental degradation (pollution, freshwater 

depletion, etc.,) around the world and global warming are manifestations of this. 

At this point one student interjected, “But isn’t oil getting over?” True. This is called peak oil, i.e., glob-

al oil production is peaking as new oil finds have been few and far between in the last 3-4 decades, and 

gas will also peak in a couple of decades. 

The consequences of the massive energy overdraw that we have done are beginning to be realized now.  

Global warming is one of them.  Despite a lot of public discussion in the last few years, global warming 

impacts are yet to be understood properly. 

A far less understood consequence is civilizational collapses.  The collapse of many past civilizations—

Roman, Mayan, Polynesian—can be traced to energy overdraws.  Each of these collapses remained spe-

cific to one civilization.  Today the world is globalized and tightly integrated.  An economic slowdown 

in one part of the world caused by an energy shortage could very quickly spread to other countries, as 

happened in 2008.  And if the crisis is sufficiently severe, it could lead to a global economic meltdown. 

Are there alternative energy sources? 

“What about coal?” Yes, the world has coal reserves to last another century or so. But, if coal replaced 

current oil and gas consumption, global warming would happen even faster.  For every toe of energy 

delivered, coal emits twice the CO2 that oil does, and more than 2.5 times that gas emits. 

What about other energy sources that can replace fossil fuels? There are only two noteworthy alterna-

tives—green and nuclear energies. Unfortunately, neither is capable of replacing fossil fuels. Green en-

ergies have a 0.5-2.5 EROEI
3
, whereas fossil fuels have a 20-80 EROI. The significantly higher energy 

density of fossil fuels allows them to yield more energy for every unit of energy invested in harvesting 

them. Moreover, the environmental costs (cost of injury to human health, crops, forests, water bodies, 

etc.), of fossil fuels are not considered, making them very cheap. 

As for nuclear power plants, there is uranium ore sufficient only to power the current nuclear reactors 

for another 80 years. Moreover, they have intractable safety and waste disposal problems. 

Sustainable development is an oxymoron 

By now my audience, even the sceptics, had really got into the discussion. One boy quipped, “But hu-

mans are very creative. I am sure we will come up with something to beat the problem.” A girl immedi-

ately asked him if he believed in world peace, to which he said he did. “How come we have not come up 

                                                           
3 EROEI is Energy released for energy invested.  An EROEI of 20 indicates that one unit of energy is required to explore, mine, refine and 

deliver 20 units of energy.  A negative EROEI, as is the case with some bio-fuels, means that more energy has to go into making and deliv-

ering them that the energy they will yield.  A low EROEI makes the energy source unattractive. 
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with any worthwhile solution for wars in the last 10,000 years of human civilization?” No answer to 

that. Someone else chipped in, “Or for that matter for hunger and poverty, despite all the high technolo-

gy that we have, which takes us to the moon and beyond?” 

I then posed another question, “What is sustainable living?” The students made a serious attempt to de-

fine sustainable living, and after a while the group veered around to the collective understanding that 

sustainable living meant that we must not overdraw on the Earth’s resources. 

What is over drawl, and how do we measure it? Now that was a tough one and nobody could come up 

with a good definition, so I offered a way around by giving them economist Herman Daly’s definition of 

sustainability, “The rate of use of renewable resources should not exceed their regeneration, the rate of 

use of non-renewable resources should not exceed the rate at which sustainable renewable substitutes 

are developed, and the rate of pollution emission should not exceed the assimilative capacity of the en-

vironment.”  

This definition did not deal with overdraw or how to measure it, but it posed another question, “Who is 

responsible for over drawl?” Pat came the answer from several quarters. Increase in global population 

was responsible for over drawl. And where is population growth happening? In developing countries. 

 But is this argument supported by facts? Certainly not! It is not population growth in developing coun-

tries that is responsible for over drawl, but increase in consumption by the developed countries and the 

rich in different countries. 

Per capita energy consumption and CO2 emission are good ways to measure human consumption. The 

average per capita annual energy consumption is a little over 1.7 toe/yr for the world as a whole; for 

North America it is 8.1 toe/yr, Western Europe 4 toe/yr, Central Africa 0.3 toe/yr, South America 1.1 

toe/yr, South Asia 0.5 toe/yr, and India 0.4 toe/yr. Clearly, it is people in the developed countries that 

are consuming significantly more than those in the developing countries. 

Developed countries have been responsible for 78% of CO2 emissions since the beginning of the indus-

trial revolution.  And the energy gap between the developed and developing nations and that between 

the rich and the poor is growing; and that is a sure prescription for conflict between energy-haves and 

the have-nots. 

Quite clearly, Daly’s prescription for sustainability is a step forward, but is inadequate as it does not ad-

dress the cause for over drawl, i.e., consumption of developed countries and the rich in all countries. 

At this stage, one bright young student put two and two together and asked a really fundamental ques-

tion, “Isn’t sustainable development an oxymoron?” Why? Because development implies greater energy 

use. But sustainability implies reducing our gross energy use. I agreed. The phrase, sustainable devel-

opment, is an oxymoron. You cannot have sustainability and development, as understood today, at the 

same time. 

The Brundtland report made sustainable development a buzz-phrase 25 years ago. The report defined 

sustainable development as, “Development that meets the needs of the present without compromising 

the ability of future generations to meet their own needs." 
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The definition makes two very important points.   First, it talks about human needs and not wants.  

Needs are food, clothing, and housing and not luxury items. Second, it gives equal importance to meet-

ing the needs of current and future generations. However, the definition fails to stress the equity of enti-

tlement to energy and other natural resources between people, i.e., it does not tackle the root cause of 

over drawl. 

Sustainable living 

I suggested to my audience that to arrive at a reasonably satisfactory definition of sustainable living, we 

have to add to Daly and Brundtlands’ definitions. They agreed. After much struggle, they did not get 

very far, so I decided to step in and offer my understanding. 

Sustainable living requires that: 

 The sustenance needs of the present generation may be met without compromising the ability of fu-

ture generations to meet their sustenance needs. 

 The rate of use of renewable resources should not exceed their regeneration, the rate of use of non-

renewable resources should not exceed the rate at which sustainable renewable substitutes are devel-

oped, and the rate of pollution emission should not exceed the assimilative capacity of the environ-

ment. 

 There is equity of entitlement to energy and other natural resources for all people, and to achieve 

that it is essential to treat all energy resources (energy sources, energy converters, energy conveyors 

and storage devices) as common property rather than as private property, except where the energy 

resource is purely for personal use to meet sustenance needs. These entitlements will have to take in-

to account nature’s needs for these resources, as nature is the maker and owner of these resources, 

and not humans. 

 

This definition required a complete re-think in the way we relate to nature and to each other. To drive 

that point home, I told them the story of a survey we had conducted as engineering students in the Indi-

an Institute of Technology, Mumbai in the early 1970s. The respondents comprised everyone from the 

senior faculty, including the Deputy Director of the institute, to the first year students. We asked them 

what differentiated technology from engineering. The junior students, as expected, could not come up 

with meaningful answers, but to our surprise, neither did the faculty. 

Engineering deals with the science and art of applying energy to raw materials to obtain products and 

services. Engineering is a science and art that helps execute the upgrade necessary for human society to 

develop. 

Technology does the same thing but in a given social context. Engineering deals with the science that 

goes into the design and production of goods and services. Technology deals more with the applications 

that engineering science can be used for. For example, when we talk about today’s transport technolo-

gies, we refer to mechanized (trains, buses, etc.) and animal (camels, donkeys, etc.). No matter how un-

sophisticated animal transport may be, it is still widely used and is appropriate for the class of people 

and the region where they are used for transporting people and goods. 

This survey told us something. Practitioners of a discipline often did not understand the role they played 

on a larger canvas. I now asked my young friends that if their engineering education had basically taught 

them to use energy to transform nature into goods and services, what good is this knowledge if there is 
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going to be less energy in future? Had their college ever told them how to help the Earth recover its po-

tential to deliver energy? My young friends were astounded and were at a loss for words for a full two 

minutes. 

Global policies for sustainable living 

The implications of my definition of sustainable living are far reaching.  It implies that human society 

must change its outlook from “Gain maximization for a few,” an outlook that has been predominant 

since the times of ancient slave societies of 5,000 years ago, to “Risk minimization for all.”  The latter 

is what all living creatures, except humans, do to live in harmony with nature. They take only as much 

energy and resources from nature as is required for their sustenance. Only humans take more than what 

is required for their sustenance as they possess what other living beings lack— the ability to create 

knowledge of energy conversion, and hence have been able to increase their energy drawls throughout 

history till today. 

Effecting this shift in outlook requires two programmes to be put in place: 

 Powering down global energy to about 40% of the current energy consumption of 12,000 million 

toe/year and in future relying on the sun for our energy needs. 

 

Powering down implies getting rid of extravaganzas like space exploration programmes, standing 

armies (they consume ~10% of global energy consumption currently) and national borders. 

 

 Moving towards energy equity. 
 

For the sake of argument, if we were to power down our energy use to 5,000 million toe/year and 

distribute it equally amongst the world’s 7 billion people, each of us would get ~0.7 toe (current 

global average is 1.7 toe/year), or about the same as the average per capita energy consumption 

prevalent during the 17
th

 Century. Is a decent living possible with this energy consumption? Yes, be-

cause modern technology is more efficient than before. A family of four can afford to live in a de-

cent-sized home with a fridge, an oven, a music system, and mobile phones for all, eat well, but can-

not afford to have air conditioners and private vehicles. 

At 0.7 toe/year, an Indian can double her energy consumption over current average levels. But for 

that to happen, Americans must reduce their consumption by 90% and Europeans by 80%. That is a 

real challenge. How do we convince the Americans and the Europeans (and the rich in all countries) 

that if human society is to survive and live in peace, they need to change their way of life and reduce 

their energy consumption? This is what today’s youth will have to think about. 

We will also need to have a universal risk standard for all risks—natural and manmade—for all hu-

mans, which must be fixed and implemented. This implies that some areas that have higher risks, for 

example cyclone prone areas, will require higher investments to reduce risk to the residents living 

there. 
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Local action for sustainable living 

We should not wait for that perfect society to come into existence at some point in future to start imple-

menting community level programmes that can move us towards sustainable living. Wherever possible, 

we need to reduce energy and material use and move towards energy equity. 

People in different parts of the world have started in small ways on this journey. Some have discarded 

private transport, others have started living in collectives, doing organic farming, growing community 

forests, and yet others are using solar cookers and have installed photovoltaic panels on their roofs to 

power their homes. 

Such efforts are essentially individual initiatives and cannot solve the social problems of energy over 

drawl and energy inequity. But such initiatives, in a practical way, challenge the ideology of “gain max-

imization for all”, which engenders unsustainable living. More than a thousand words, it is such actions 

that will help us re-configure our relationship with nature and with one another to usher a sustainable 

and equitable society. 
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Mansoor Khan, engineer, writer, film producer 

 

The Third curve 

 

The Modern Industrial World stands at a crucial and unavoidable turning point. 

It appears as if the sacrosanct paradigm of modern economics, namely perpet-

ual financial growth, is in the process of ending. Financial markets are collaps-

ing. Growth rates are dropping. The age-old remedies prescribed to revive 

economic growth are proving ineffective if not outright dangerous. Five years after the 2008 global financial 

crash nothing seems to work. 

Our economic growth model based on the concept of compounding money does not accept this. It therefore 

makes a simple yet amazingly unreasonable assumption that we have limitless energy and resources on a 

finite planet to perpetuate exponential growth indefinitely. This assumption appeared to hold true for the last 

150 years – the first half of oil reserves. And we are now at the halfway point which is an unprecedented 

point in history and is called Peak Oil. Peak Oil is not an ideology but an aspect of geology. And the laws of 

geology behave in a bell curve with a peak in the middle. 

Now begins the second half of the story of oil. The global economic collapse of 2008 was the result of this 

turning point because past the peak we get only less oil. Therefore, less industrial and economic growth. 

This spells doom to the religion of perpetual economic growth. 

Therefore this book is NOT directly about morality, justice, equity, environmental consciousness and other 

noble human values. 

It is about the head-on collision between: 

• Our total acceptance of an infinite economic growth model which is not possible. 

• Our total denial of the finiteness of the earth which is evident. 
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U Shree Kumar*, Chemical engineer, University teacher   

 

On Sustainability 

 

Introduction 

 

Many people with some general awareness know today that sustainability 

is an issue of concern.  A sustainable society is understood as one which 

obtains its needs without endangering the viability of future generations. 

However, not enough is usually known about the fundamental principles 

of sustainability to connect it to our lifestyles, values and aspirations. Hunger and malnutrition, though 

widespread in the world, are not seen as signs of an ecological crisis. There is a widespread belief even 

among people having some exposure to science that a technological solution will be found to the 

problem of sustainability. This article attempts to show that there is no place for such complacency, by 

explaining the principles of sustainability to people who have some knowledge of science. The 

challenge of sustainability can be met only if there is a collective will. Bringing about such a collective 

will may be helped if an understanding of sustainability is not limited to specialists but becomes 

common knowledge. It is hoped that the concepts will eventually be made clear to those who are not 

trained in science. 

 

The arguments in this article are qualitative. The concepts of thermodynamics explained here in words 

can be expressed in mathematical equations. Quantitative estimates of exergy used by human society 

have been made by other authors (1). The purpose of this article is to convince the lay reader that a blind 

faith that technology will find a solution to the problem of sustainability is misplaced and that a political 

will is necessary. 

 

We first explain what we mean by sustainability in view of the fact that life on earth is an evolving 

system. We then proceed to explain it using principles of thermodynamics. Finally, since the problem of 

sustainability is not merely one of science and technology, but very much of politics, a brief section on 

the political difficulties encountered in addressing the issue is included. However, the author is aware of 

his limitations in the field and hopes that others well versed in political science will present more 

rigorous arguments. 

 

What is sustainability? 

 

All planets have a history. Their climates have been changing very slowly. Superimposed on these long 

term changes are shorter term periodic changes which occur with periods equal to those of revolution in 

their orbits around the sun. Such periodic changes are driven primarily by the energy they receive from 

the sun. On the earth, unlike on other planets, living beings participate in making the environment. A 

part of the energy received from the sun is used for meeting the energy needs of all living beings. Even 

in the history of life on earth, the environment has been changing. Sustainability does not connote 

absence of change. Nor does it imply zero environmental impact. 

 

That living beings participate in making the environment of the earth is of great significance.  Though 

changes driven by energy received from the sun take place on all planets, it is only on earth that 

chemical changes predominate. On other planets, the changes are largely physical. 

Changes taking place in the composition of rocks for instance are extremely slow. Therefore these 

planets are almost in a state of chemical equilibrium. By contrast, earth is always far away from physical 

as well as chemical equilibrium. The driving force for the chemical changes on earth is maintained by 

the plant life which uses solar energy for photosynthesis, a process in which photochemical reactions 
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store the energy of light in chemical bonds. 

 

In the process of just trying to survive, which is in the nature of all living beings, all of them make 

demands on the environment. Competition as well as symbiosis plays significant roles in the survival of 

species. While drawing the resources necessary for survival from the environment, every species 

contributes to change in ecological conditions. Simultaneously, species evolve in response to such 

changes. As long as all species draw from the environment only the resources required to satisfy their 

biological needs, the changes they cause in the environment are very slow. Thus the system is very 

robust. This robustness has been disturbed by the activities of human society with its relentlessly 

increasing energy demand. 

 

Homo sapiens are the only species which draws from the environment resources far in excess of its 

biological needs. Rapid growth of human population first took place because of the level of security 

achieved through agriculture and the conquest of predators. Human population grew even more rapidly 

after the industrial revolution. However, the ecological load of the human species increased not just due 

to increase in population but also due to the increase in per capita demand for natural resources in order 

to meet its relentlessly increasing non-biological demands.  In trying to meet these demands man has not 

only drawn excessively from the environment, but has also reduced the capacity of the environment to 

regenerate itself to meet the biological needs of all life. 

 

All human activities need energy (2). As human society became increasingly complex, the energy 

demands for meeting man's non-biological needs grew rapidly. Human society is now slave to an 

economic system that demands perpetual growth of man's non-biological needs.  Thus the ecological 

load of the human species is growing in order to meet the demands of the economic system rather than 

the needs of the species. The present rate at which the human species demands resources from the 

environment is far in excess of that at which the environment can regenerate them. Man has so far met 

these unsustainable demands by drawing on stored reserves of fossil fuels. Fossil fuels accumulated in 

the depths of the planet over geological time-scales. Before photosynthetic life came into existence earth 

had a very hot atmosphere due to a high concentration of carbon dioxide. Burying of carbonaceous 

materials contributed to the reduction of carbon in the earth's atmosphere. By burning fossil fuels and 

thereby releasing carbon to the atmosphere at a rate higher than that at which it can be fixed by 

photosynthesis, human society is reversing the process by which the climate suitable for the current life 

forms came about. In the process, by having access to concentrated sources of energy that no other 

species had before, it has caused changes in the environment on a timescale much shorter than that of 

evolution of species (3). A society which causes such rapid changes in its environment is unsustainable. 

In the worst case, human species may itself be unable to adapt to the changes in the environment. It is 

also possible that the species will survive with a much smaller population inhabiting parts of the planet 

which will still support human life at a much lower level of per capita energy use. The problem of 

sustainability can be clarified further using the principles of thermodynamics. We do it in the next 

section. 

 

Thermodynamic explanation 

 

Since the argument involved in this section is very long, we first present an outline and explain it in 

detail subsequently. The outline of the argument is the following: 

_ The biosphere of the earth is a closed system (4) in which spontaneous changes are taking place. 

_ According to the second law of thermodynamics, potential for change in such a system can be 

maintained only using the tendency of a larger system to approach a state of equilibrium, i.e. using the 

state of disequilibrium of the latter system. 

_ Potential for change in the earth's biosphere is continually created by the tendency to approach a state 
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of equilibrium in the universe as a whole. Specifically, it receives energy from the sun and loses energy 

to outer space. 

_ The present state of the earth's environment is the result of a long process driven by the disequilibrium 

in its surroundings. 

_ The ability of the earth to utilize this disequilibrium to support life depends on the state of its 

environment. 

 

We now proceed to present the argument in detail.  Earth can be considered a closed system in which 

spontaneous changes are continuously 

taking place. According to the second law of thermodynamics a system left to itself reaches a state of 

equilibrium after which no change is possible if it continues to be in isolation. An external source of 

energy is required in order to take it to a non-equilibrium state or to maintain 

a driving force for change (5). For all celestial bodies in the solar system this external source of energy 

is the sun (6). Roughly the same conditions repeat year after year on every planet because two 

conditions are satisfied. One, there is more or less a balance between the energy received from the sun 

and that lost to outer space. Two, the quality of energy received from the sun is different from that lost 

to outer space.7 The importance of the second condition will be explained later in the article. 

 

According to the second law of thermodynamics any system that is not in equilibrium internally or with 

its surroundings has a potential for change. As long as there is potential for change work is obtainable 

when the system is brought to a state of thermal, mechanical and chemical equilibrium with its 

surroundings. The maximum work thus obtainable during a change in state of a system is the decrease in 

its exergy (8), often simply called available work. All spontaneous processes are irreversible and result 

in dissipation or loss of exergy. The work produced in such processes is less than the decrease in exergy. 

Exergy is related to the thermodynamic property called entropy. Entropy is a measure of disorder in a 

system. Any spontaneous process is accompanied by an increase in disorder in a system. The previous 

more orderly state cannot be restored without using energy from a source outside the system. Thus 

during a spontaneous process entropy is created and exergy is lost (9). Exergy can be replenished in a 

system only using an external source of energy. Energy from an external source is available only when 

the surroundings of the system are not in a state of equilibrium. In other words, exergy can be 

replenished in a system using the tendency of its surroundings to proceed towards a state of equilibrium 

(10). On the earth, exergy is replenished as it receives energy from the sun which is at a high 

temperature and loses energy to outer space which is at a low temperature. Thus the tendency of the 

universe to approach equilibrium gets utilized to replenish exergy in the earth's environment.  

 

When we talk about the energy requirements of human society, we actually mean exergy rather than 

energy. Human activities being part of all processes taking place in the earth's environment, the exergy 

for them must be part of the total exergy that becomes available for all processes on the planet. The 

robust ecological state in which roughly the same conditions repeat every year is possible only if the 

annual rate at which exergy is dissipated due to all the processes taking place on the planet does not 

exceed that at which it is replenished by the energy received from the sun. 

 

The manner in which energy from the sun interacts with the earth depends on the state of the latter's 

environment. In the absence of photosynthesis, driving force for all processes in the environment is 

created by the periodic heating and cooling occurring due to the spinning of the planet about its axis. 

Much of the solar radiation reaching the earth is rejected to outer space or is absorbed as heat as it 

happens on all other planets. Some of the energy received from the sun is converted to mechanical 

energy such as potential energy and kinetic energy of air, water, etc. Such processes take place even on 

other planets which host no life. They do not lead to long term storage of exergy since mechanical 

energy soon gets dissipated as heat. Since seasons repeat every year, the timescale over which storage of 
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mechanical energy takes place is of the order of one year. Some of the energy of solar radiation reaching 

the earth gets converted to chemical exergy by photosynthesis (11). Long term storage of exergy takes 

place only by photosynthesis. During photosynthesis, plants use the energy of photons directly. The 

energy in electromagnetic radiation is not absorbed as heat before being stored in chemical bonds. The 

exergy stored by photosynthesis provides for the biological energy needs of all living beings. Some of it 

is used up by metabolism. Even decay of dead organic matter involves metabolism in smaller 

organisms. Some is converted to heat when biomass is burnt as fuel or gets burnt due to natural fires. 

Most of the chemical exergy stored in biomass is stored for periods comparable to the lifespans of the 

organisms. However, in the history of the earth, some of this chemical exergy has been stored for a 

much longer duration. A large quantity of biomass got buried and remained buried for hundreds of 

millions of years forming large deposits of fossil fuels. The climatic conditions under which human 

species and the accompanying biodiversity evolved is a consequence of the gradual removal of carbon 

from the atmosphere and burial of part of it which continued for millions of years. During the period 

over which fossil fuels accumulated in the earth, the rate of dissipation of exergy on earth was less than 

that at which it was created using energy from the sun. However, since the industrial revolution, human 

society has become dependent on the stored chemical exergy present in fossil fuels. The rate at which its 

economic activities dissipate exergy is greater than that at which exergy is replenished using energy 

received from the sun.  In a sustainable economy, all materials must be recycled. At some point we will 

reach a stage in which even metals will have to be recycled. Recycling requires replenishment of exergy. 

In such an economy, the basic resource from which we obtain all our needs is exergy (12). 

 

The rate at which sun's energy replenishes exergy on earth depends on the state of the environment. For 

instance, a high rate of photosynthesis results in a high rate of replenishment of exergy. Exergy is used 

up at an enormous rate for the maintenance of climatic conditions suitable for --and life support systems 

necessary for all life forms that inhabit the earth. We may call these climatic conditions and life support 

systems together as ecosystem services. All life forms participate in maintaining these conditions (13). 

According to Kleidon, already cited above, abiotic processes on earth can produce exergy using energy 

from the sun at the rate of approximately 1TW, whereas photosynthetic life produces it approximately at 

the rate of 200TW. The present day rate of consumption of exergy by human society is approximately 

50TW. The rate at which man can appropriate for his exclusive use the exergy becoming available on 

the earth is limited (14).  If we increase our exclusive share of the total exergy beyond a certain limit, 

what we gain directly may be offset by what we lose in terms of ecosystem services. When our demands 

increase exponentially this limit is bound to be reached at some point. The rapid climate change we 

witness today is one symptom of the fact that we have passed the limit. Passing the limit sets of a self-

aggravating situation--a positive feedback loop--rapidly reducing the carrying capacity of the planet. 

 

Sustainability and Carrying Capacity 

 

Human beings have the technological capability to obtain artificially what is not available naturally from 

the ecosystem, using exergy available by various means. When basic needs, such as clean water and a 

comfortable living environment, are not naturally available due to overuse of 

natural resources, the exergy demand of human society increases further. Currently, the most readily 

available exergy is the stored chemical exergy in fossil fuels (15).  How reliance on such stored exergy 

for obtaining what must be naturally available from our environment further reduces the viability of our 

society can be clarified by using some ideas put forward by Catton (16) though he did not elucidate 

them in terms of exergy. The rate at which exergy is actually being dissipated can be termed the 

ecological load on the planet. The rate at which exergy can be replenished using energy from the sun is 

the carrying capacity of the planet. Sustainability demands that the ecological load does not exceed 

carrying capacity. Since the activities of all life forms are interconnected, ecological load must refer to 

the total demand of all species though the threat to sustainability comes from the activities of one 
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species. The present ecological load is greater than the earth's carrying capacity. We are meeting our 

unsustainable demands using the stored chemical exergy in fossil fuels. In the words of Catton, we are 

depending on a phantom carrying capacity. Living on phantom carrying capacity is worse than it might 

appear at first sight. The phantom carrying capacity is available cheap since the energy required for 

tapping fossil fuel reserves is a small fraction of the energy they contain. Profligacy is a natural 

consequence of something being available cheap. Therefore, while using phantom carrying capacity, we 

have done extensive damage to the environment and actually reduced its capacity for using sun's energy 

to replenish its exergy. In other words we have been increasing our ecological load while reducing the 

earth's carrying capacity.  The greatest destruction human society has caused using concentrated exergy 

present in fossil fuels is the destruction of soil fertility by developing inefficient, unsustainable methods 

of agriculture in pursuit of immediate gain. In addition to making the actual practices of agriculture 

unsustainable, the economy powered by fossil fuels has either encouraged or forced millions of people 

to migrate to industrial and service sector occupations by making them more remunerative and 

agriculture unviable (17). As long as human society has access to concentrated sources of energy, some 

of it will inevitably be used for ecologically destructive purposes. Large scale leveling of terrain using 

bulldozers for building roads, factories and urban settlements have unacceptable impacts, not considered 

unacceptable while conducting environmental impact assessments. The enormous amounts of energy 

nations spend on fighting--or in preparing for wars is another example. 

 

Clearly it is human intellect that has given the species the power to destroy the environment to the extent 

that sustainability has become a problem. We have come to this pass by creating an economy which 

makes ever increasing demands on the environment. The problem of sustainability cannot be solved 

unless we reconcile our economy with that of nature.  

 

Inefficiency of human society in the economy of nature 

 

There is an economy of evolution of life. When resources are scarce, only the species that use resources 

efficiently survive. Abundance of resources is never permanent. In any environment, exponential growth 

during a limited period of abundance brings about the end of abundance. Thereafter the economy of 

nature is governed by the efficient use of scarce resources. Human intellect has distorted this process by 

introducing a disparity of timescales. We have at various stages of our history gained access to resources 

which played no role in our survival as a species in the process of evolution. We not only developed the 

ability to use, but also created the demand for, resources that cannot get regenerated at the rate at which 

we demand them. The flourish of capitalism is all too brief on evolutionary timescales. In this brief 

period, things that prevail in the market economy by virtue of their perceived efficiency are extremely 

inefficient in the economy of nature. The market as a mediator is unable to sense inefficiency from an 

ecological perspective. With the power gained by access to new resources, we have altered our 

environment in too short a time on evolutionary timescales. We have also caused the extinction of 

innumerable species which are more efficient users of natural resources. We have thereby destroyed the 

resources on which we naturally depend as a biological species. Our only hope is that the intellect that 

has given us all the power also equips us to understand this process in its entirety. 

 

Challenges on the road to sustainability 

 

According to quantitative estimates of global exergy resources made by Hermann, cited above, it may 

be possible for human society to obtain in a sustainable manner exergy at the rate at which it is currently 

using it. The present manner in which we are obtaining our exergy is unsustainable. There are 

technological challenges in obtaining it without hampering the capacity of the environment to utilize 

energy from the sun to replenish its exergy. It is even more challenging to make it cheap and accessible 

to all. These challenges are inseparable from the political challenges. The present economic system, 
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with its perpetual demand for growth, does not allow the exergy demand of society to stabilize. Further, 

given the inequity that exists in our society, the total rate of exergy use is unequally distributed among 

the world's population. Even if we imagine a case in which the economy stops demanding growth, if the 

rich continue to consume resources at their present rate and the rest try to catch up with them, the exergy 

demand of the society will not stabilize at a safe level. 

 

Currently, given the total human population of the world and our dependence on the market economy, 

even if we do not indulge in consumerism, if we just live on what is most readily and inexpensively 

available in the market, we unwittingly contribute to some adverse ecological impact. In other words 

living in a way that is environmentally benign requires conscious thought and effort. This is an alarming 

situation. The need to be so cautious is not widely appreciated. 

 

By and large people consume what they can afford to buy. Most people do not worry about how these 

articles are produced and brought to the market. They are not aware of whether the processes by which 

what they consume are made, and indeed whether the quantity of resources they consume itself; threaten 

the availability of basic needs such as clean air and water that one must not need to buy. Even where 

awareness exists, there is no readiness to give up the comforts that are available if one carries on with a 

business-as-usual attitude. 

 

The market is inherently incapable of responding to ecological costs. The profitability of most 

businesses relies on not paying for ecological costs. The task of rebuilding the environment, particularly 

rebuilding soil fertility, cannot find favour on the basis of expected economic returns. 

 

Unless it is supported by public policy, it will be done only by a few people who value it for its own 

sake. Political support is needed for making agriculture sustainable and combining it with rebuilding the 

environment. Caring about ecological sustainability can be part of our social ethic only if there is 

widespread awareness. The temptation to increase personal gain at the expense of the environment will 

always be there. Society can deter activities that are ecologically destructive if they carry the stigma 

attached to any act considered immoral. Ideally, political and legal support for a sustainable society 

must follow from such an ethic. Further, such policies cannot succeed unless they are backed by a global 

consensus. Since the industrial revolution, not only has the world population grown rapidly and reached 

unsustainable levels, but urban conglomerations have grown quite independently of ecological carrying 

capacity. A redistribution of population will be required according to ecological carrying capacity. 

International borders must not impede such migrations. Reducing our ecological impact without 

experiencing too much hardship requires concerted effort by people choosing to cooperate in the effort. 

It requires sharing of resources and labour in groups large enough to be viable. Since people have long 

been accustomed to interacting with others through the market in an impersonal and competitive 

manner, building relationships that facilitate such cooperation and sharing is a challenge. The inequality 

in society makes the task even harder. At one end of the spectrum are people who feel no scarcity at all. 

At the other end are people in too wretched a state to care whether their basic needs are met by means 

that are ecologically benign as they are forced to scrounge in an already depleted environment. 

 

Having to work with collective responsibility may be perceived as a loss of freedom. Freedom is a 

worthwhile end, but only as much as can be enjoyed by all. Living as a society does entail a sacrifice of 

individual freedom. The freedom thus lost must be weighed against the freedom from insecurity that we 

have gained by existing as a society. Seen in this light, loss of freedom will still be felt only by those 

who belong to privileged classes. Society itself is a large project of cooperation. In a just society, the 

benefits as well as responsibilities of cooperation are shared in a fair manner. In today's society, the 

victims of structural inequality cooperate in the project of society not by choice, but because they have 

no choice. Material prosperity must be seen only as a means towards general wellbeing of all. In pursuit 
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of material prosperity as an end in itself, human society has destroyed the resources that sustain life. The 

labour saving devices invented by man have not increased leisure. People who are employed have to 

spend most of their time and energy on running the economic system while a large number of people 

face destitution because they cannot and employment. 

 

One cannot escape the conclusion that reducing inequality is the biggest challenge on the way to 

sustainability. The victims of inequality have the greatest stake in rebuilding the environment since they 

suffer from the consequences of ecological degradation even now. Uniting them in the task requires 

creating an understanding of the problem. Therefore, it is important to explain sustainability in a manner 

understood by them. 

 

Notes 

 

* Sangatya, Nakre 576 117, Karkala Taluk, Udupi District, Karnataka; Email: shreeudp@gmail.com 

1 Kleidon, A., A. Kleidon (2012), How does the earth system generate and maintain thermodynamic 

disequilibrium and what does it imply for the future of the planet, Phil. Trans. A, 370: 1012{1040; 

Hermann, W.A. (2006), Quantifying Global Exergy Resources, Energy, 31: 168-1702 

2 It will be explained later that exergy rather than energy is the right word. 

3 In the history of life on earth, there have been periods of loss of biodiversity. These periods extended 

over millions of years and must have been the consequences of the natural dynamics of evolution of 

species when all species drew from the environment only their biological requirements. No single 

species was responsible for the loss of biodiversity. 

4 In thermodynamics a closed system is defined as one which does not exchange matter with its 

surroundings. 

5 For example if two bodies at different temperatures are brought into contact heat flows from the hotter 

body to the colder one spontaneously. It is impossible to reverse this process taking the bodies to their 

initial states without doing work drawn from a source outside the system comprising the two bodies. 

6 Two other external sources of energy available to the earth's biosphere are tidal energy and geothermal 

energy. In comparison with solar energy, their roles in ecological processes are small, though tidal 

variations and hot springs do play significant roles in certain ecosystems. They can also play significant 

roles in providing specific services desired by human society. 

7 They consist of electromagnetic radiation emitted at vastly different temperatures. What is relevant 

here is that the planets receive energy from a source at a high temperature and lose energy to a sink at a 

very low temperature. 

8 Exergy is defined as the work that is obtainable when a system is brought to a state of equilibrium 

with its surroundings by a reversible process. It includes energy already present as mechanical energy in 

the system. A reversible process is one that takes place under an infinitesimally small driving force, i.e. 

when the system and its surroundings are almost in equilibrium with each other. Any change occurring 

under a finite driving force is irreversible. The work obtainable by a reversible process is just a measure 

of potential for change. All processes that take place on earth do not produce work. Exergy is important 

as a measure of potential for change.  

9In an isolated system, energy is conserved but exergy is lost when a spontaneous change takes place. 

For example when a system having temperature inhomogeneity left in isolation attains a state of uniform 

temperature its energy remains constant but exergy decreases. 

10Since work is obtained in bringing a system into equilibrium with its surroundings; exergy depends 

on the state of the system as well as that of the surroundings. While man marshals resources available to 

him in order to carry out the processes he desires, he creates conditions in small systems on the planet 

such that exergy is available for the desired processes to take place. The changes cease if the systems 

attain equilibrium with their surroundings. All processes taking place on earth are possible only because 
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subsystems within it are not in equilibrium with their surroundings. Even metabolism is a dissipative 

process and consumes exergy that has been stored earlier by photosynthesis. 

11Chemical energy is stored in a more concentrated form than mechanical energy. It is of the order of 

MJ/kg. 

In order to store so much potential energy per unit mass, the altitude required is of the order of 100 km. 

In order to have kinetic energy in such concentration, the velocity required is of the order of 1-5 km/s. 

12When man makes machines, animals or slaves work for him, he appropriates for himself more exergy 

than he otherwise obtains just through the food he consumes. 

13The average temperature of the earth is determined by a balance of energy coming from the sun, 

radiation rejected back to outer space, energy stored in various forms and energy lost by radiation to 

outer space. The relative quantities in the balance depend on the state of the environment. For example a 

high concentration of greenhouse gases in the atmosphere results in a higher average temperature. The 

rate at which solar energy is stored as chemical exergy depends on the rate at which photosynthesis 

takes place. The presence of trees influences the climate not just by storing solar energy as chemical 

exergy. Trees alter the rates of evaporation of water, seasonal availability of water, stability and quality 

of the soil and so on. More importantly, the total photosynthetic life available on earth determines the 

total exergy available for the metabolic needs of all other life on earth. On the other hand the soil 

fertility required for the growth of plants is maintained by the recycling of the wastes of all plants and 

animals. Thus the climatic conditions required for the survival of all living beings are maintained with 

the participation of all life. 

14Though biomass is a renewable source of energy, the rate at which we can use it sustainably is much 

lower than the rate at which it can be regenerated. Burning of biomass involves bypassing of the large 

number of steps it would take if it is decomposed through the food chain of other species. This itself 

results in loss of biodiversity, apart from the loss of biodiversity that results from the monoculture 

cultivation of energy crops. Machines made by man use large driving forces so as to produce work at a 

high rate. Such processes are further away from reversibility than biotic process which operate on much 

smaller driving forces. Processes which are more highly irreversible dissipate exergy at greater rates. 

Moreover, loss of biodiversity lowers the stability of an ecosystem. 

15 The sunlight that gets utilized in driving the processes on earth is a small fraction of the radiation that 

is incident on earth. Most of it gets rejected back to outer space. This energy cannot be utilized for 

human activities in an inexpensive manner. Suppose improvement in renewable energy technology 

makes inexpensive exergy available in large quantities. Let us assume that it is obtained from the 

portion of sunlight that does not significantly participate in other ecological processes, such as what is 

incident on rooftops. If we use such energy for activities that are ecologically damaging, unsustainability 

can still result. For instance, if we do excavation on a large scale or pumping of groundwater at 

unsustainable rates even using renewable energy, we reduce the ability of the earth's environment to 

harness sun's energy for replenishing its exergy.  

16 Catton, William R., Overshoot: The Ecological Basis for Revolutionary Change, University of 

Illinois Press, and Urbana-Champagne 

17As Sir Albert Howard rightly said in The Soil and Health (1945), \The using up of fertility is a 

transfer of past capital and of future possibilities to enrich a dishonest present: it is banditry pure and 

simple." 
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T Vijayendra, Engineer, writer 

 

YUGANT:   Capitalism, Global Warming and Peak Oil 

 

T. Vijayendra 

 

 

Yugant means end of an era. Two crises have come together that have endangered life on our planet and 

have spelt an end of the capitalist era. The first is global warming and the second is peak oil. Global 

warming, since it threatens life on earth, demands, on moral grounds, to reduce consumption of fossil 

fuels immediately. Peak oil and peaking of other nonrenewable resources, brings down consumption of 

fossil fuels. Both will spell an end of capitalist era. 

 

The system we live in today is called capitalism. Large part of the world, notably North America (USA 

and Canada), Europe, Japan, Australia and India are the main followers of this system. Many other 

countries like Russia, China and Vietnam who call themselves socialist also follow this system in a 

modified form. This system is based upon exploitation of the working classes and natural resources, 

resulting in creation of immense wealth, huge inequalities and environmental disaster. 

 

Industrial revolution and capitalism began in the 18th century with the steam engine; that is, conversion 

of heat into motion. This heat primarily came from burning fossil fuels. Initially it came from coal but in 

the 20th century oil and gas were added to it. Fossil fuels have concentrated energy stored in them by 

degradation of plants slowly over millions of years. Because of their high density of energy, it is 

possible to control ownership, mining, processing and selling of fossil fuels by a small class of 

capitalists. Capitalism as a system depends on availability of fossil fuels, which run all the transport and 

generate most of the electricity. 

 

Capitalism is beset with several crises. The first is the contradiction within its own class due to 

competition. Second is the contradiction with the working classes which are exploited and oppressed by 

it. Many other poor people are also directly and indirectly affected by it and are increasingly opposing it. 

The third is the over exploitation of natural resources, particularly fossil fuels. 

 

Capitalism and Consumption of Resources 

 

Growth is a necessity for the capitalist system. That is why we constantly hear of GDP (Gross Domestic 

Production, which is an overall indicator of growth of the country), in the newspapers. Now growth 

requires consumption of resources. This consumption of resources   occurs at a 'compound rate' (like 

with the compound interest rate that we learn in school) with respect to growth rate. A good way of 

understanding the relation between growth rate and consumption of resources is to find out that at a 

given growth rate, how many years it would take to double the consumption of resources. A simplified 

(but fairly accurate) formula is: 70/growth rate = No. of years in which the consumption of resources 

doubles 

 

Thus if we have 1 percent growth rate, in 70 years it will double. If we have 2 percent then in 35 years it 

will double and in 70 years it will be 4 times! If the growth rate is 10 percent it will double in 7 years - 

like our fixed deposits used to double in 7 years when the interest rates were 10 percent. Thus capitalism 

has resulted in an enormous consumption of resources. Also this growth results in using up/ corporate 

takeover of commons resources that the poor are dependent upon. 

 

However, the actual growth in amount of resources consumed over a period will depend upon the 
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amount which you are already consuming them. Thus, say an advanced capitalist country consumes 100 

units whereas a developing country consumes only 10. Doubling for the former would mean 200 units 

whereas for the latter it means only 20 units. That is why the developing countries aim at a growth rate 

of 10 percent or so whereas the advanced countries cannot hope to have growth rate of more than 2-3 

percent. 

 

Another factor about doubling the consumption of resources is that with each doubling the consumption 

is greater than the sum total of all the consumption that has gone before it. Let see how this happens. 

The doubling means a series like 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024 and so on. Now each 

successive term is greater than sum of all the previous terms. Thus, 8 is greater than 1+ 2+ 4 = 7. 

Similarly 1024 is greater than 1+2+4+8+16+32+64+128+256+512=1023. As one can see, with each 

doubling the total increases to a bigger number. So after a time the consumption of resources will be 

astronomical. But the total quantity of fossil fuels and other mineral resources available is finite; and 

with time, a crisis must come. With the growth imperatives of capitalism, the crisis has come now. It is 

this astronomical consumption of resources that has given rise to the two crises: 1. Global Warming and 

Climate Change and 2. Peak Oil and Peaking of other Non-Renewable Natural Resources  

 

Global Warming 

 

The main cause of Global Warming is burning of fossil fuels in astronomical quantities by automobiles 

and coal based thermal power plants. The consequent release of greenhouse gases (GHGS), mainly 

Carbon Dioxide CO2, is so huge that it far exceeds the earth’s capacity to absorb them. The CO2 

content in the atmosphere had been steady at about 280 parts  per million (ppm) during the first 10,000 

years in which agriculture provided food for  humans, but that regimen changed with our use of fossil 

fuels energy. 350 to 360 ppm is now accepted as the maximum for maintaining the warming under 

permissible limits, beyond which it may, become irreversible. But today we are near 400 ppm! 

 

This consumption of fossil fuels is not evenly distributed across the globe or among the people within a 

country. An average American puts into the atmosphere 18.5 tons of CO2 emission per year as compared 

to a mere 1.8 tons by an average Indian. These averages hide the fact that most of the carbon output is 

contributed by the 20% rich of these countries and that the poor consume far less energy. Thus, there are 

extreme inequalities in GHG output within and across countries. 

 

This level of release of GHGS is relatively a new phenomenon. For tens of thousands of years, humanity 

existed by slowly changing the natural environment and ecology to meet its survival needs. However, 

human activities of the present day that lead to increase in greenhouse gases are very specific. They do 

not pertain to the tribal or community-based village life that humanity led in the past and which even 

today billions of poor people lead. Emission of GHGS is the direct consequence of coal-based steam 

technology that led to the Industrial Revolution and mass production of goods. In the 20th century, oil 

replaced as well as supplemented coal, causing further pollution and Global Warming. 

 

The capitalist system has consumed so much coal and oil in such a short time that we are close to a 

critical point at which Global Warming becomes irreversible. If that happens, much of life on earth will 

come to an end. Many experts believe that we have only 10 -20 years left to stop it. All attempts within 

the capitalist system have failed miserably and there is no alternative but that this system itself should be 

dismantled. As we have seen above, since the growth imperative is inherent in capitalism, this crisis 

cannot be solved within capitalism. So on moral grounds, to save ourselves and life on earth, capitalism 

must come to an end and it is our moral duty to bring it to an end as soon as possible. (1) 
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Peak Oil 

 

At the same time, the other crisis, that of 'Peak Oil' makes the end of the capitalist system imminent. 

Although wide scale use of petroleum and its product has a history of only about 100 years, it has 

become central to the very existence and functioning of modern societies. This is mainly because 

transport and power are essential for modern societies. Moreover, there is always an annual increase in 

the demand for fossil fuels, because the system survives through constant growth. Any decline in the 

supply of oil threatens the very basis of modern societies. Peak Oil does exactly this and leads to the 

collapse of the system.  

 

What exactly is Peak Oil? At the present rate of consumption, all available oil will be used up within 

this century. But Peak Oil is not about when we run out of oil, but rather, when the production of oil 

starts to decline, and this has already happened (2005 - 2008) and we are witnessing the effects in a 

global dysfunction of capitalism which manifests as ‘economic recession.’  

 

Peak Oil crisis started with a rise in petroleum prices. In 2008, it reached USD 147 per barrel of oil. This 

was one of the major factors in ushering in an economic crisis; a recession in North America, Europe 

and Japan. This crisis is leading to a worldwide collapse of the global economic system. Since the 2008 

recession, capitalism has been beset with one global crisis after another. The three traditional bastions of 

capital, USA, Europe and Japan are in a permanent crisis. The new powers China and India are plunging 

into a crisis this year. Within a few years the whole capitalist world will plunge into a crisis. (2) 

 

Peak Everything 

 

It is not just oil that is depleting. Now for the first time, in 2012, a comprehensive set of figures has 

become available that discloses the use of the Non Renewable Natural Resources (NNR) or minerals 

that have made industrialized civilization possible.  We now have a comprehensive study that shows 

mineral usage rates. Meticulous examination of 89 of Non-Renewable minerals shows that usage rates 

are peaking and that remaining supplies are dwindling rapidly. This means that continuance of existing 

living standards that are dependent upon these minerals is impossible. (3) 

 

The period of rapid global economic growth prior to the Great Recession of 2008 is a thing of past. The 

magnitude associated with global NNR requirements became historically unprecedented by 2008. 2008 

was simply the transition point, the year during which the number of permanently scarce NNRs became 

sufficiently large to permanently depress future economic growth trajectories.  

 

All indications are that developed and developing economies will attempt to reestablish and maintain or 

exceed pre-recession economic output (GDP) levels and growth rates, both domestically and globally. 

However, that ever-increasing NNR scarcity has rendered these goals physically impossible. By 2008 

US economic output (GDP) had peaked permanently. And by this year, 2013, rest of the world has 

followed suit, including India. That spells a doom to development within a short span of time - may be a 

decade or so. If no alternatives emerge we are facing a societal collapse not later than 2050. Can the 

renewable save us?  

 

Renewable Natural Resources (RNRs)  

 

Renewable Natural Resources (RNRs) - i.e. air, water, soil (farmland), forests, and other naturally 

occurring biota - enable all life, including human life. RNRs provided all or most of the life supporting 

essentials - water, food, energy, shelter and clothing - in pre-industrial societies. What is their status 

now?  
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Earth’s ability to provide bounty from renewable resources is not available any more. In 1992 Mathis 

Wackernagel and William Rees attached figures to the annual bounty that humans obtain from what 

grows – forests, soils, fisheries, etc. Building on this, a Living Planet Index now indicates the health of 

world biodiversity and an Ecological Footprint provides a measure of our demands on Earth’s resources. 

These figures show that our consumption of the earth’s renewable resources is now one and a half times 

the rate at which the earth produces its bounty, with the excess coming from consumption and depletion 

of NNR. These findings are based upon extensive studies, including trends in forests, fields, and in 

almost 8000 vertebrate species and demands of more and more people. The consequence must be higher 

food prices. As we know this is already a reality. 

 

The Coming Famine 

 

Global Warming and Peak Oil have combined to create a famine in the world. Due to Global Warming 

the summers are getting hotter and hotter. The summer of 2012 has been so hot it has burnt crops in the 

USA, Canada, Russia and Australia.  

Due to Peak Oil, a large area of the world's farmland is being used to produce bio fuels. And again, due 

to Peak Oil, the inputs to agriculture: fertiliser, pesticide and farm machinery - all dependent on oil - 

have become prohibitively expensive. This is in turn driving up food prices all over the world.  

 

As is well known, famine is caused both by decrease in production as well as increase in prices, which 

pushes food beyond the reach of the poor. Famines do not just happen on their own account. They are 

perpetrated as the result of policies that privilege the rich and powerful, and, by implication, harm the 

poor. By the end of this year and the middle of next year, large scale famine is expected all over the 

world. (4) 

 

The capitalist system is imploding and collapsing. Whether the collapse comes in a couple years or a 

decade, is not predictable. There are too many fast changing variables, the most important being the 

people's struggle against it and the vision of an alternative society. But irrespective of when it happens, 

the world has to face either chaos or prepare for the transition into a society based on lower energy and 

greater equity. Such a society will have different forms in different parts of the world, depending upon 

their history.  

 

Chaos or Transition 

 

Many scientists believe that the time for action is over and we are facing 'Apocalypse Soon!' A recent 

article in Scientific American outlines the possibility of such a scenario. 

 

'Four decades ago, a Massachusetts Institute of Technology computer model called World3 warned of 

such a possible course for human civilization in the 21st century. In Limits to Growth, a bitterly disputed 

1972 book that explicated these findings, researchers argued that the global industrial system has so 

much inertia that it cannot readily correct course in response to signals of planetary stress. But unless 

economic growth skidded to a halt before reaching the edge, they warned, society was headed for 

overshoot - and a fall that could kill billions. Dennis Meadows, professor emeritus of systems policy at 

the University of New Hampshire who headed the original M.I.T. team and revisited World3 in 1994 

and 2004, has an even darker view. The 1970s program had yielded a variety of scenarios, in some of 

which humanity manages to control production and population to live within planetary limits (described 

as ‘limits to growth). Meadows contends that the model's sustainable pathways are no longer within 

reach because humanity has failed to act accordingly.' 
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"We're in for a period of sustained chaos whose magnitude we are unable to foresee," Meadows warns. 

He no longer spends time trying to persuade humanity of the limits to growth. Instead, he says, "I'm 

trying to understand how communities and cities can buffer themselves" against the inevitable hard 

landing. ‘ 

 

When will collapse occur? Global Warming theorists talk of 2040 - 50, whereas Peak Oil theorists talk 

of as early as 2015! (4) What does this imply for human society? Without doubt, there will be chaos and 

a scramble for remaining resources - the best high density fuel remaining is charcoal. Whole forests will 

be burnt to make charcoal to serve the ruling class. Evidently, the poor will resist and attempt to survive 

the crisis, and a period of lawlessness can occur. It will be a grim period lasting maybe several decades, 

but once humanity exhausts itself fighting over shrinking resources, a recovery may occur. It is difficult 

to say how this scenario will unfold, but it will definitely take place in some parts of the world and 

unfortunately it might happen in large parts of our country too.                                                            

 

What else can happen during this period? With the arrival of Peak Oil, the curtain has closed on Act 1 of 

the drama Petroleum Man. What will happen in Act 2? Chekhov said, 'If there's a gun on the wall at the 

beginning of the play, by the end it must go off.' In the world's nuclear arsenal there are many guns on 

the wall. If life copies art, will there be an Act 3 in which the players, having learned their lesson the 

hard way, live sustainably? So if we do face a nuclear holocaust then we may have a situation where the 

'living shall envy the dead.' However as humans, we are optimistic, so let us look at some of the more 

cheerful scenarios. 

 

Transition 

 

The concept of transition implies that we should go through a period of transition where we bring forth 

changes in our community/country incrementally, so that a smooth transition occurs towards a fossil 

fuel free society. Three things must happen if anything worthwhile emerges out of all the chaos and 

suffering that these crises will cause. The first is the end of capitalist/industrial society, the second is a 

transition to a society, based on equity, scaling down of energy use and local self-sufficiency and the 

third is to change humanity's attitude towards nature. In this, we have two paths or models before us - 

one is Cuba, the other is that of Transition Towns.  

 

Cuba 

 

It is possible that in some countries social revolution can occur with an explicit aim of equality and of 

reducing energy consumption. It is not an impossible dream. There is already a living example of it: 

Cuba.  

 

Cuba is a small country in the Caribbean, with a population of about 11 million. In 1959 they had a 

revolution led by Fidel Castro and Che Guevara. The original revolutionary agenda, like that of most 

socialist revolutions - like that in Soviet Union, China, Vietnam etc. was industrialisation with equity. 

Cuba too took this route, but because of the US embargo on trade, the Soviet Union was the only source 

of oil for the country. But in 1989, something happened. 

 

In 1989, the Soviet system had begun to collapse, and Cuba stopped receiving petroleum from the 

USSR. That is, ‘Peak Oil’ hit Cuba in 1989, though in an artificial manner - because in the world as a 

whole, there was no shortage of oil. The year 1989 ushered in the ‘Special Period’ in Cuba, where the 

country had to manage with extremely limited supplies of oil, a scenario that has begun to hit the rest of 

the world now.  

It began with a nation-wide call to increase food production by restructuring agriculture. It involved 
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converting from conventional large - scale, high input monoculture systems to smaller scale, organic and 

semi - organic farming systems. The focus was on using low cost and environmentally safe inputs and 

relocating production closer to consumption, in order to cut down on transportation costs. Urban 

agriculture played a significant part in this effort. 

 

When oil supply stopped in 1990, transportation ground to a near halt. There were no cars running; 

public conveyance collapsed; and the streets were empty. People walked. Around 1993, Cuba imported 

2, 00,000 bicycles from China. To begin with, trucks were converted to buses by simply welding steps 

to the back. A skeletal frame of rods and a canopy were added. The concept was refined into the Cuba’s 

mass transit bus the ‘Camellone’ (The Camel). Built on a long chassis vehicle, it can accommodate 250 

persons. For shorter distances there were cycle and auto rickshaws. In smaller towns, horse drawn or 

even mule drawn ‘cabs’ were to be spotted. Car-pooling and ride sharing is common in Cuba. There are 

designated government officials in yellow uniforms who have the right to pull over even government 

vehicles and seat people in need of transport. 

 

Cuba provides us with a ‘live experiment’ where we can observe the whole cycle of Peak Oil, economic 

crisis and recovery. Even with regards to Global Warming, which has become a major crisis now, Cuba 

has achieved all the goals of reducing its carbon emissions. Thus Cuba has lessons for all on how to 

meet the present challenge. The Special Period in Cuba is like a real time model that has proved viable 

on a large scale, which other countries too could follow (5).  

Cuba is the only country which has consciously and successfully met this challenge of transition. Its 

ultimate success depends whether the rest or the world also follows this road or plunges into a world 

war.  

Meanwhile local initiatives are also coming up in many parts of the world to meet this challenge. The 

Transition Town Movement represents one such initiative.  

 

Transition Towns 

 

As we said above, three things must happen if anything worthwhile emerges out of all the chaos and 

suffering that these crises will cause. In Cuba only two conditions were fulfilled, those of end of 

industrial society, and transition to a society based on lower energy. For fulfilling the third condition, to 

change humanity's attitude towards nature, we have to look at the work done by the Transition Town 

Movement. 

 

Transition Towns is a more recent phenomenon. It is a grass roots network of communities that are 

working to build resilience in response to Peak Oil, climate change, food insecurity and economic 

instability. Transition Towns is a catchword for environmental and social movements founded upon the 

principles of permaculture. Today Permaculture has come to mean a whole life system encompassing 

various strategies for people to acquire all those resources, including access to land needed to evolve 

self-financing and self-managed systems to provide for all their material and non-material needs, 

without depleting, polluting and destroying the natural resources of the biosphere. The Transition Towns 

brand of permaculture uses David Holmgren’s 2003 book, Permaculture: Principles and Pathways 

beyond Sustainability. These techniques were included in a student project overseen by permaculture 

teacher Rob Hopkins at the Kinsale Further Education College in Ireland. Two of his students, Louise 

Rooney and Catherine Dunne, set about developing the transition town concept and took the far-

reaching step of presenting it to Kinsale Town Council, resulting in the historic decision by councillors 

to adopt the plan and work towards energy independence. The Transition Towns movement is an 

example of socio-economic localisation.  

 

The idea was adapted and expanded through 2005, 2006 and beyond in Hopkins' home town of Totnes 
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where he is now based. The initiative spread quickly, and as of May 2010, there are over 400 

communities recognised as official Transition Towns in the United Kingdom, Ireland, Canada, 

Australia, New Zealand, the United States, Italy, and Chile. The term Transition Towns has morphed 

into Transition Initiatives to reflect the range and type of communities involved - e.g. villages (Kinsale), 

neighbourhoods of cities (Portobello, Edinburgh), through council districts (Penwich) to cities and city 

boroughs (Brixton).It began with a nation-wide call to increase food production by restructuring 

agriculture. It involved converting from conventional large-scale, high input monoculture systems to 

smaller scale, organic and semi - organic farming systems. The focus was on using low cost and 

environmentally safe inputs and relocating production closer to consumption, in order to cut down on 

transportation costs. Urban agriculture played a significant part in this effort. 

 

Central to the transition town movement is the idea that a life without oil could in fact be far more 

enjoyable and fulfilling than the present: "by shifting our mindset we can actually recognise the coming 

post-cheap oil era as an opportunity rather than a threat, and design the future low carbon age to be 

thriving, resilient and abundant - somewhere much better to live than our current alienated consumer 

culture based on greed, war and the myth of perpetual growth." 

 

An essential aspect of transition in many places is that the outer work of transition needs to be matched 

by inner transition.  In order to reduce our dependence on energy we need to rebuild our relations with 

ourselves, with each other and with the natural world. That requires focusing on the heart and soul of 

transition. (6). 

 

Conclusion 

 

We are witnessing a race between a catastrophe that is being unleashed by global warming and a social 

and political revolution that can end capitalism and usher in a fossil fuel free world based on equity and 

scaling down of use of resources. The race is hotting up as can be seen by the latest figures of global 

warming. 

 

The carbon dioxide in atmosphere reached the 400 ppm level on May 9, 2013 much before the estimated 

time of Aug 2016. It shows that despite all the annual conferences under the UNFCC to arrive at a 

solution for climate change, we have accelerated the pace of climate change through increasing carbon 

emissions. It is now impossible to limit increase in temperature to 2 C. It all shows that we cannot rely 

on governments to take care of this serious issue and the people have to take direct actions for a system 

change that alone can prevent climate change. We have little time left for action. Inaction means 

extinction of humanity. 

 

Capitalism is not just 'us' and 'them'. It is a relation between capital and labour and involves every one. 

Apart from the revolutionary alternative, there are many ways to end capitalism. We can all disengage 

from this relationship incrementally by refusing to be irrational consumers, working for local self-

sufficiency and working for the community and not for capital.  

 

The collapse of Capitalism is given, it is already happening in parts of the world, but it will not 

automatically usher in a new world. It will just result in chaos. It is up to the people's movement to bring 

in the alternative before the global warming becomes irreversible. 
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Energy Risks 

 

Energy Security, Food Security and Fiscal Health Disruptions on the Road 

Ahead? 

 

Suyodh Rao 

 

This paper looks into the reasons for the steep rise in oil prices over the last decade or so. It shows that 

global oil output has reached a plateau and that supply cushion being close to zero is the driving force 

behind sustained, high and rising oil prices. It contends that due to governments’ paying insufficient at-

tention to energy, they are not able to influence energy price movements as much as they could have, 

had they given it its due. It also establishes the close link between oil prices, fertilizers prices and there-

fore food prices. A rise in the first is always followed by increases in the latter two. The paper covers 

the Indian situation wherein rising oil prices are impacting forex, fiscal and monetary policy in a man-

ner where the common man is left confounded and  feeling neglected by the government. Finally, the 

paper draws the link between food prices and social stability. 

Introduction 

Energy Security is an area of governance that receives less attention than it deserves. The role of energy 

in facilitating economic activity is more or less taken for granted. Energy Security is understood as hav-

ing reliable access to sufficient quantities of usable forms of energy. Implicitly assumed is access to ad-

equate back-up supplies in the event of unanticipated disruptions in the primary source and supply lines.  

Energy security is a rather broad term and often means different things to different people in society. It 

can mean different things to heads of States, defence establishments, internal security bureaucrats, dip-

lomatic personnel, agriculture departments, transportation departments, and so on.  

The citizenry’s purposes and quantum of use of energy varies widely. The urban affluent citizenry’s 

needs differ from those of the urban poor and similarly, the rural rich and poor also differ. The differ-

ence can be as stark as powering up 2000-watt air-conditioners to a zero watt bulb. Or alternatively, 

revving up a six-cylinder, turbo-charged, diesel fuelled road hugger to lighting up a hearth with kero-

sene. Finally, countries’ use varies depending where they lie on the scale of development and affluence.

  

Figure 1below depicts the historical movements of economic growth and oil price. Granted, correlation 

doesn’t imply causation – but the evidence couldn’t be more striking. If there is one obsessive preoccu-

pation that governments world over share, it is maximizing economic growth. If that is their desired out-

come, they cannot spend too much time understanding energy market dynamics. Once learnt, economic 

policies need to reflect that understanding.  

Sadly, today most governments (or opposition parties) exhibit a woefully inadequate understanding of 

energy’s role in ensuring stable systems – economic, political and socio-cultural. India included. The 
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drama in Delhi today reflects the price that the larger society is paying due to the government having 

needlessly and callously put off taking necessary policy measures in time. Constructive opposition par-

ties are completely absent. 

 

Figure 1: Per cent Changes in Global Oil Demand Vs. GDP Growth, 1981-2009 

Scope 

This chapter will look primarily at the global oil market demand supply dynamics to establish that the 

world and India needs to pay far more attention to this domain. The tool it uses to reiterate this need is 

by drawing the link between the prices of crude oil and prices of food at the global level. . Skyrocketing 

food prices have already sparked social unrest of varying degrees in virtually every country. The paper 

will switch back and forth between global and Indian market indicators, as energy is a truly global mar-

ket in that prices are equal across the globe-  barring prices in the natural gas market, due to transporta-

tion and pipeline limitations.  

Historical Price Behaviour of Crude and Shaping of Human Perceptions 

The reason for the scant attention paid to energy security by policymakers can be attributed to the abun-

dant, inexpensive and almost unfailing availability of crude oil except for three hiccups in the last centu-

ry and more. These hiccups have shaped policymakers’ perceptions of oil market dynamics - albeit a 

sub-conscious shaping. 

What better parameter to track than the price of crude oil in the international market to identify these 

hiccups? It is only reasonable to expect that any perception of a threat to the global energy security will 
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be reflected in the price of crude oil. The below graph below depicts the crude oil price from the incep-

tion of the oil industry in 1861 (the first successful commercial oil-well was drilled in 1861 by Edward 

Drake in Pennsylvania, USA) until about now. 

Figure 2: Crude Oil Prices 1861-2011 With Markers for Major Historical Political Events:
i
 

The early spikes and plunges in price were due to sudden explosions and contractions in supply due to 

widespread competitive exploration and drilling, primarily in the US and also in parts of Azerbaijan. As 

is clearly discernible, after the Great Depression of 1929, there were three sudden spikes (almost vertical 

movements in the price curve) in price. These coincide with the armed Middle East conflicts.  

The Middle East conflicts were: 

1. The 1973 Yom Kippur War and the consequent embargo on oil supplies to the West.  

2. The Iranian Revolution of 1979 and the subsequent Iran-Iraq War.  

3. The Iraqi incursion into Kuwait in 1990.  

The 1973 shock took prices to a new baseline. The 1979 and 1990 shocks saw prices settling back once 

stability returned. These political events have cemented a mistaken belief amongst leaders and populace 

that global energy constraints are mostly political. Another mistaken belief on energy constraints – this 

one held mostly by economists on the left and right and perpetrated by the oil industry, mostly in the 

US, is that given the right incentives, the oil industry can bring more than sufficient oil into the market. 

Geological constraints are insufficiently considered, and environmental risks are not heeded. 

The reason for recounting the Middle East events is that risk perception, assessment and estimationare 

influenced by biases in human perception and cognition. We are referring to what has been labelled the 

`Availability Heuristic’by Amos Tversky and Daniel Kahneman
ii
. This states that the ease with which a 
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decision-maker can bring to mind examples of an event influences her/his estimate/s of the probability 

of that event occurring.  

Given that we have only one readily identifiable cause for threats to our energy security – namely Mid-

dle East instability, we continue to believe that is the only threat we may ever need to deal with. In pub-

lic forums certainly, no policymaker of any repute has dwelt on any other risks that we have to deal with 

to ensure continued reliable access to affordably priced energy. 

Emerging Evidence of a Geological Reality? 

In Figure 2 there are subsequent (more gradual) spikes in price that began in the late 1990s. We now 

turn our attention to those. Figure 3explains the latter spikes. It shows how spare capacity began to edge 

dangerously lower until it became wafer thin. As spare capacity of a resource that has an inherently ine-

lastic supply moves lower, prices begin to ratchet upwards more than proportionately. This explains the 

post 1999 spikes in global oil prices. 

 

Figure 3: Global Oil Production, Capacity, Supply Cushion and Price Movements (EIA - Energy 

Information Administration USA) 
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The price gravitated  from about $25 in 1999 to the region of $150 in mid-2008, to the region of $100 

today. The only let up was in the 2008-9 period when there was a crash in oil prices (see steep price 

drop in Figure 3). That was the time when the global economy went into a seizure of sorts with the 

housing crash, banking crisis and also a huge correction in the stock markets around the globe. A global 

economic slowdown always leads to a dip in oil demand, and oil demand being inelastic in nature, it is 

price that tends to precipitously fall. Inelasticity of oil supply in the short run exacerbates such a rapid 

movement. 

Between 2000 and now, despite a 400 per cent rise in oil prices, oil extraction has not increased by more 

than a measly 15 per cent. Since 2005, a doubling of prices has brought forth virtually no new supplies 

of oil. This is a fact that flies in the face of standard economic theory, albeit the price rise has brought 

forth new supplies of substitutes.  

It is the contention of this article that these latter (post 2001) price spikes are caused by oil supply reach-

ing a plateau. This time around though, the reason for this cap on output may well be something beyond 

our control. There is no political cause of this plateau; a novice political observer will second that. Inter-

estingly, many geologists and scientists of high repute have an explanation that lies in the depths of the 

earth for this plateau. If their contention is right, then the world faces a situation that it has not seen be-

fore – a situation where we are forced to resort to less efficient sources of energy – such as coal; and/or 

more diffused sources of energy such as solar, wind, geothermal etc. 

The history of the oil industry’s exploration, discovery and extraction figures, these scientists assert, 

point to the fact that the world is seeing the end of cheap oil. It is outside the scope of this paper to delve 

into the science of this. The plateau in oil output is clearly visible in the below graph, taken from the oil 

major BP’s Statistical Review of 2012.  

Figure 4: Break-up Of World Energy Consumption by Primary Source
iii
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A few facts that can be gleaned from the above graph are: 

 The world depends on fossil fuels – oil, coal and natural gas for close to 90 percent of its energy 

needs. 

 The volume of global oil consumption (and therefore global oil extraction) has been stable since 

about 2005.  

 In 2011, the contribution of oil to the world’s energy pool was the lowest on record.  

 The share of coal in the total energy supply pie has been increasing. (Not good from a carbon emis-

sions viewpoint.) 

 The share of natural gas has also been increasing. 

It’s clear from the above two graphs that despite an increase in global crude oil prices of almost 100 per 

cent between 2005 and now, global crude oil supply has barely budged. Such an inelastic supply of a 

non-renewable resource over such a long time period is unusual. There is usually an increased supply 

response to a doubling of price. When that resource with a stubbornly inelastic supply is one as vital as 

oil, it is worrisome.  

The End of Cheap Oil 

A 2010 White Paper of Lloyd’s
iv

, a leading insurer stated:  

Traditional fossil fuel resources face serious supply constraints and an oil supply crunch is likely 

in the short-to-medium term with profound consequences for the way in which business functions 

today. 

That the output of fossil fuels will plateau at some time is a known geological reality. All non-

renewable resources are subject to this dictum. M. King Hubbert, a geologist with Shell Oil Company 

forecasted in a 1956 paper presented at the American Petroleum Institute
v
that continental US output 

would peak between 1966 and 1972 and it did exactly that in 1970. From then to now, US output has 

been on a steady downward trend, despite the addition of the Alaskan and offshore output.  

In the last 15 years, there have been many geologists, physicists and others from related disciplines who 

have come to the same conclusion as Hubbert but with regard to world output of oil – that it will plateau 

and then decline. Estimates of the timing vary from between 2005 to 2015. Empirical data on the output 

trend of every well and oilfield proves them right. Output follows a bell curve. They contend that the 

world is at the top of the bell curve today. Be clear, we are not running out of oil. We are seeing a plat-

eau in output that leads to the end of cheap oil. 

It is outside the scope of this paper to go into the validity of these claims. Rather, this paper will look 

into the price behaviour of oil and related energy resources and the fallout on some other key sectors of 

the economy, such as food price behaviour. The purpose of this exercise is to demonstrate that current 

energy management policies in the world and India grossly underestimate price risks on the energy 

front. This almost callous view is dangerous at best, and can prove to be disastrous at worst.  

The best-case scenario is that we will be able to stave off the peak in world oil supply by a few years, 

but with far more expensive oil that comes from drilling and extracting in more inhospitable, hitherto 

inaccessible and ecologically fragile areas such as the Arctic. Climate change – global warming is melt-
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ing the polar ice caps and opening up shipping lanes and drilling possibilities from the Arctic to Green-

land. Kudos to global warming! 

There is also the more abundant natural gas that is being mined in the US using environmentally unsafe 

and controversial techniques such as fracking and hydraulic fracturing. It has been banned in many 

places as it has been found to pollute groundwater and worse. 

Either way, what is now abundantly clear and established beyond doubt is that we are witnessing the 

end of cheap oil. The children of the sun are at the start of a new chapter in the story of their quest for 

energy. How that unfolds is too early to tell. It is clear though that the global economic, political and 

socio- cultural systems are exhibiting serious strains. 

The Oil We Eat 

We need to look no further than the spiralling cost of the food that we eat to investigate the most serious 

and dangerous of these strains. Most of our citizenry are not aware that rising energy prices directly im-

pact food prices. There are more important linkages between oil price and food price than higher priced 

diesel that makes food transportation more expensive. It is the fertilizer and the heavy dependence of 

modern agriculture process on energy – for tilling, irrigation, and pesticides and of course transportation 

that drive food prices higher when energy gets pricier. 

So if you are wondering why food inflation is so high – look no further than your fuel bills. Figure 5 de-

picts the close relationship between energy prices and fertilizer prices over the last five decades. 

 

Figure 5 Relationship Between Fertilizer and Energy Prices 1960-2008 

The tandem movement of food and crude prices over the last 10 years is depicted in Figure 6. 
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Figure 6 Relationship Between Food and Crude Prices 2000-2011 

Needless to say, crude prices drive all other energy resources. The charts below shows prices of crude 

oil, coal, uranium, and urea, together with a food index for the last dozen years. The movements are un-

cannily alike. 

      Figure 7 Crude Oil (petroleum), Price index Monthly Price - Index Number
vi
 

 

Figure 8 Commodity Food Price Index Monthly Price – Index Number
vii
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Figure 9 Coal, Australian thermal coal Monthly Price - US Dollars per Metric Ton
viii

 

 

Figure 10 Urea Monthly Price – Euro per Metric Ton
ix
 

The purpose of pointing this out is to depict how strained the world’s energy supply engine is. Had there 

been sufficient buffer in any of the sources of energy, the price movements may not have mirrored each 

other so closely. It also depicts the close relationship between prices of urea, a primary and widely used 
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fertilizer and energy prices. Finally, of course, our most primal source of energy food is so closely 

linked to fossil fuels and yellow cake.  

 

Going Forward 

 

Recognizing these linkages is not sufficient. Policymakers need to act upon this knowledge with grit and 

direction. As W. Edwards Demming famously said – it is not enough to do your best; you must know 

what to do, and THEN do your best. Fixing the world’s rising food prices problem may not lay in grow-

ing more food alone as much as delinking the agricultural production process from fertilizers based on 

ever depleting fossil fuels.  

 

Improving public transportation and taxing individual transportation appropriately will result in reduced 

fossil fuel use for transportation. An across the board reduced individual demand will translate into low-

er prices and allow governments to build infrastructure to transition to efficient, and customer focused 

mass transportation systems. Innovative minds at the automobile and technology companies can be har-

nessed to enable this wise and progressive shift.  

 

When it comes to fossil fuels and energy security - demand reduction may be more of a game changer 

than supply enhancement. The above are just two minor suggestions that can help us to get from being 

dangerously exposed to energy risks as we currently are to a position where we are less exposed. The 

benefits of reduced fossil fuel to the climate of the planet is a different matter altogether.  

 

So also, a committed strategy of providing stable and appropriate incentives for the research and devel-

opment of alternative renewable energy systems will help. We should recognize however that the main-

stream scientific community today is of the opinion that solar, wind and geothermal sources of energy 

can only help on the margin.  

 

There are serious limits on many of the technologies of the future again from an affordable resource 

availability point of view. Below is a table that details metal and mineral requirements for some of the 

future technologies. Most of their prices have been rising, sufficiently to find their way into commodity 

traders’ portfolios.  

 

Indian Situation 

 

All the above data refers to the 

world situation. If one looks at 

the picture in India it is no dif-

ferent. India imports over 70% 

of its crude oil requirements. It 

is therefore not insulated at all 

from international crude oil 

price movements. As can be  

Figure 11 Retail Crude Distillate Prices in India
x
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seen from Figure 11, between nearly2005 and now, petrol prices have almost doubled.  

India faces an even more daunting problem than many other countries of the world. India has been fol-

lowing a policy of subsidizing fuel products such as petrol, diesel, kerosene and domestic supplies of 

LPG. That subsidy bill is mounting and it is impacting the fiscal situation of the government. Public 

debt is spiralling uncontrollably and dangerously higher.  

Oil Marketing Companies (OMCs) lost Rs.47,000crores in the first quarter of this year due to selling 

fuel below cost. The government subsidizes this. On the other hand, the government gains excise, cus-

toms and other duties from the oil sector. The numbers in the oil pool account, as it is dubbed, is cloaked 

in opacity. On the one hand, high oil prices bring in higher revenues to the government, as the various 

taxes are percentage based and not a fixed amount. On the other hand, the OMCs’ under-recoveries have 

to be subsidized by the central government. 

Electoral compulsions and constant polls somewhere or the other in the country makes it harder for the 

government to take the tough and unpalatable decision of hiking prices to bridge the above gaps. The 

recent diesel price hike has sparked social and political groups to go on protests in the streets. Had par-

liament or the state assemblies been in session, they would surely have been witness to demoralizing 

scenes from our elected representatives. 

This paper could not have been written at a more opportune time than now in some ways. An attempt by 

the government to raise prices to reduce the losses being made by Oil Marketing Companies has met 

with stiff, co-coordinated resistance from every opposition party.  

Political parties can ask themselves as to how they would have handled the situation differently and will 

find that there are no options but to raise fuel prices. Behaving responsibly in terms of looking at the 

global energy situation and India’s fiscal health is the need of the hour. Else, energy risks are going to 

turn into fiscal and forex risks. 

Today, our oil import bill has begun to seriously influence our forex situation and exchange rates. It 

climbed from Rs.4.09 trillion in 2009-10 to a whopping Rs.7.26 trillion in 2011-12.Rising oil prices and 

a weakening rupee are becoming a vicious spiral of sorts. This combination– a higher oil import bill and 

the exchange rate (a weak rupee) can deal a deadly blow to the common man by raising fuel prices to 

unaffordable levels for much of the poor and middle class. It can cause political instability as is being 

currently witnessed. It can derail economic growth, fray social safety nets, cause suffering due to un-

bearable burden and lead to social unrest. 

Adding (electricity) power generating capacity requires huge quantities of capital that banks are not 

forthcoming with due to the huge amounts of advances to this sector already at threat. In addition, we 

are facing limitations in the availability of coal for thermal plants. So also there is insufficiency of natu-

ral gas feedstock to many gas fired power plants. Over and above this, the State Electricity Boards’ fi-

nances are in a mess. Besides, they need to make investments of $55 billion in transmission infrastruc-

ture.  

The private power-generating sector is in such a shambles today that it is a potential threat to the health 

of the banking sector. Anil Ambani said it could be similar to the sub-prime crisis of the US. According 
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to a Director of Standard Chartered Bank in Mumbai, up to $500 Billion lent to private power compa-

nies could be at risk and 90 per cent could default if feedstock issues and the health of the State Electric-

ity Boards’ are not addressed.  

The Financial Times summed it up well –`The wider power sector offers a toxic combination of inade-

quate fuel supplies, debt-laden power generators and bankrupt state electricity boards’
xi

. 

Apart from coal availability, there is resistance when it comes to location of these plants in some regions 

of the country. This phenomenon has been dubbed elsewhere as NIMBY - Not In My Backyard. This is 

being witnessed in Andhra Pradesh and other areas. The same script is playing out in the resistance that 

is being put up to the commissioning of the nuclear plant in Tamil Nadu.  

Without passing judgment on the validity of the resistance anywhere, it remains an issue in our quest for 

energy security. 

At the end of the day, however, it is the common man who has to face the music of higher global oil 

prices. He gets impacted in multiple ways and holds the government responsible for his plight. The gov-

ernment can help itself by creating awareness about the fact that spare capacity in global oil output is 

wafer thin due to the plateau in global oil output and therefore options are few and hard decisions are the 

need of the hour. 

Government can ease the situation by providing alternatives like efficient mass transportation etc. Once 

they understand the situation, the citizenry will rise to the occasion and be of help. Until then, opposi-

tion parties will stop required policies. That applies to today’s government, had they been in the opposi-

tion! 

The common citizen needs to be enrolled in this effort of energy risks mitigation. Until then, as Figure 

12 depicts, she/he is not going to know what hit him. Once made aware of the situation, they will feel 

enrolled and contribute to the national efforts of moves towards energy security.  

Figure 12 Impacts of rising oil prices on the common man 
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Conclusion 

The article began by stating that the role of energy in facilitating economic activity is taken for granted. 

That is an understatement. We also take for granted the contribution of energy to stable political sys-

tems, transportation  and communication systems and the larger socio-cultural milieu. The risks of not 

appreciating and addressing those constraints will be detrimental  to society as a whole.  

The graph below shows that the world is entering uncharted territory in the area of affordable food for 

its ever-increasing population. Per capita protein availability is on the decline in India. Poor nutrition 

acts with a time lag on health indices. Here too, investment in education, awareness and population con-

trol can do much in moving us towards mitigation of risks. 

 

Figure 13 Food price index 1845-2007 The Economist 

Figure 14 Time dependence of FAO Food Price Index from January 2004 to May 2011. 
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Finally, Figure 14 depicts the food price index and riots around the world. It is not surprising that, there 

is a threshold in food prices which, when crossed, sparks social unrest and riots in the world. It will do 

us all well if governments recognize and communicate this growing reality of the end of cheap oil and 

harness the support of the citizenry in overcoming this global problem. This is taken from a paper titled, 

The Food Crises and Political Instability in North Africa and the Middle East by Marco Lagi, Karla Z. 

Bertrand and Yaneer Bar-Yam of New England Complex Systems Institute, Cambridge, MA. 

Red dashed vertical lines correspond to beginning dates of “food riots” and protests associated with the 

major recent unrest in North Africa and the Middle East. The overall death toll is reported in parentheses 

[26–55]. Blue vertical line indicates the date, December 13, 2010, on which we submitted a report to the 

U.S. government, warning of the link between food prices, social unrest and political instability [56]. 

Inset shows FAO Food Price Index from 1990 to 2011. 
xii

 

With regard to worries about food shortages this year, the head of the FAO, MrGrazianoda Silva recent-

ly said the situation was “precarious” but was not yet a crisis. He added: `Risks are high and the wrong 

responses to the current situation could create’ a crisis
xiii

. 

When it comes to risk management, Jared Diamond put it rather aptly in his book Collapse: How 

Nations Choose to Fail or Succeed: 

Thus human societies and smaller groups may make disastrous decisions for a whole se-

quence of reasons: failure to anticipate a problem, failure to perceive it once it has arisen, 

failure to attempt to solve it once it has been perceived, and failure to succeed in attempts 

to solve it. 

He added: 

Governments, too, regularly operate on a short-term focus: they feel overwhelmed by 

imminent disasters and pay attention only to problems that are on the verge of explosion. 

For example, a friend of mine who is closely connected to the current federal administra-

tion in Washington, D.C., told me that, when he visited Washington for the first time af-

ter the 2000 national elections, he found that our government’s new leaders had what he 

termed a “90 day focus”: they talked only about those problems with the potential to 

cause a disaster within the next 90 days. Economists rationally attempt to justify these ir-

rational focuses on short-term profits by “discounting” future profits. That is, they argue 

that it may be better to harvest a resource today than to leave some of the resource intact 

for harvesting tomorrow, on the grounds that the profits from today’s harvest could be 

invested, and that the investment interest thereby accumulated between now and some al-

ternative future harvest time would tend to make today’s harvest more valuable than the 

future harvest. In that case, the bad consequences are borne by the next generation, but 

that generation cannot vote or complain today. 

How we respond and behave today, will determine our tomorrow.  
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Practicals 

 
Participants were given four exercises. Information and questionnaires were provided for each exercise.  

The exercises were: 

 

1. To compute global energy requirement if all humans were to consume the per capita energy 

consumed by North Americans, Europeans, Indians 

2. What would be the per capita energy consumption assuming energy equality and sustainability? 

3. Computing Carbon dioxide emissions for a hypothetical trip 

4. Computing personal energy and Carbon footprint 
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Practical 1: To compute global energy requirement if all humans were to consume the per capita 

energy consumed by North Americans, Europeans, Indians 

 

Input information 

 

Energy supply today by type 
Region Commercial 

TPES 

Biomass CGAR-Commercial 

TPES + Biomass 

1990-2013 (%) 

Total 

Energy 

Popu- 

lation 

Per capita energy consumption 

Commercial TPES + Biomass  

GToe/Yr GToe/Yr GToe 

/Yr 

Billion Toe/Yr 

World 11.83 0.89 1.8 12.72 7.16 1.8 

India 0.62 0.13* 3.6 0.75 1.23 0.6 

China 2.14 0.29 5.1 2.43 1.36 1.8 

USA 2.13 0.09 1.0 2.22 0.32 6.9 

EU27 1.56 0.06 0.4 1.62 0.51 3.2 

 

Computations 

 

If the entire world’s population were to live at the energy consumption levels of the following countries, 

global energy consumption would be as follows 

 
Region Per capita energy consumption 

Commercial TPES + Biomass 

Global commercial TPES +  

biomass energy consumption 

Toe GToe 

USA 6.9 48.3 

EU27 3.2 22.4 

China 1.8 12.6 

India 0.6 4.2 

Current global 1.8 12.72 

  

Discussion 

 

A very lively discussion was had on whether per capita energy consumption levels of North Americans, 

Europeans, or for that matter even Chinese was either possible in light of peak oil or sustainable.  The 

general opinion was that these levels of energy of energy consumption were neither possible nor 

sustainable. 
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Practical 2: What would be the per capita energy consumption assuming energy equality and 

sustainability? 

 

Input information 

 

Carbon fluxes (GtC/Yr)  1990s  2000-05 
Land use change flux   1.6  1.6 

Fossil fuels+cement emissions 6.4 ± 0.4 7.2 ± 0.3 

Net flux to atmosphere  8.0  8.8 
Net ocean to atmosphere C flux -2.2 ± 0.4 -2.2 ± 0.5 

Residual terrestrial sink  -2.6  -2.5 

Net flux from atmosphere  -4.8  -4.7 

 

Atmospheric increase  3.2 ± 0.1 4.1 ± 0.1 

 

Computations 

 

A little over 50% of the 8.8 GTC/Yr Carbon emissions are being sequestered back to earth.  The balance 

of nearly 50% of the Carbon emissions remains in the atmosphere and contribute to global warming.  If 

global warming is to be kept within 2
o
 C rise, global energy consumption, under present basket of 

energy sources, should be reduced by 60%.  That is, global energy consumption should be brought down 

from 12.7 GToe to 5 GToe. 

 

If this were to be distributed equally amongst the entire 7 billion global population, per capita annual 

energy consumption would then be 0.71 Toe, i.e., a reduction of 60% over the current average annual 

per capita global consumption of  1.8%. 

 

Discussion 

 

The discussion ranged from whether alternative energy sources could replace fossil fuels.  Since green 

energies and nuclear energy are not in a position to replace fossil fuels, the only way that energy 

equality could be achieved was if North America were to reduce its energy consumption by 90% and 

EU, Japan and Australasia reduced theirs by 75%. 

 

A very lively discussion was had on how this was politically feasible.  Other points of discussion were 

whether alternative energy sources could replace fossil fuels and what is the meaning of energy equity 

and how could it be achieved. 

  



65 
 

Practical 3: Computing Carbon dioxide emissions for a hypothetical trip 

 

Input questionnaire 

 
Carbon emission computations for travel 

Home place and state:       Name: 

Use of this calculator and submission of your computations to the meeting organizers is voluntary.  If a significant number of 

participants return filled forms, it will enable us to provide feedback to you and all participants on total and average per capi-

ta carbon emission for the meet.  This can be compared for emissions from similar meets in subsequent years to see whether 

there has been a progressive reduction in emissions.  Please compute your carbon emissions and how much area of the West-

ern Ghat forests is required to sequester them. 

Step 1—Emissions computation:  Please estimate distances for each mode of transport and multiply by the emission factor 

to compute the emission for that mode of transport.  To compute your carbon emissions for this trip, add all the emissions, 

including for your stay. 

Journey Transport 

mode
2
 

No of 

km 

Emission factor 

(kg CO2 per passen-

ger.km) 

Carbon emis-

sions
4
 

(kg CO2 per 

passenger) 

Home TO origin place railway station/ bus stand/ 

airport 

Origin place name
1
: 

 

Local train 

Bus 

Auto 

Cab/car 

 0.01 

0.019 

0.14 

0.24 

 

Origin place railway station/ bus stand/ airport TO 

destination place railway station/ bus stand/ airport 

Destination place name
1
: 

Train 

(sleeper/A/c CC) 

Train (3 A/c) 

Train (2 A/c) 

Train (1 A/c) 

Bus (non-A/c) 

Bus (A/c) 

Cab/car 

Plane (short 

haul)
3 

Plane (long 

haul)
3
 

 0.015 

 

0.017 

0.022 

0.06 

0.015 

0.019 

0.19 

0.11 

 

0.09 

 

Destination railway station/ bus stand/ airport TO 

meeting venue  (including local travel) 

Local train 

Bus 

2-wheeler 

Auto 

Cab/car 

 0.01 

0.019 

0.054 

0.14 

0.24 

 

Meeting venue TO destination place railway sta-

tion/ bus stand/ airport (including local travel) 

Local train 

Bus 

2-wheeler 

Auto 

Cab/car  

 0.01 

0.019 

0.054 

0.14 

0.24 

 

Destination place railway station/ bus stand/ air-port 

TO origin place railway station/ bus stand/ airport 

Train 

(sleeper/A/c CC) 

Train (3 A/c) 

Train (2 A/c) 

Train (1 A/c) 

Bus (non-A/c) 

Bus (A/c) 

Cab/car 

Plane (short 

haul)
3 

 0.015 

 

0.017 

0.022 

0.06 

0.015 

0.019 

0.19 

0.11 

 

 



66 
 

Plane (long 

haul)
3
 

0.09 

Origin place railway station/ bus stand/ airport TO 

home 

 

Local train 

Bus 

Auto 

Cab/car  

 0.01 

0.019 

0.14 

0.24 

 

Other travel 

From
1
: 

To
1
: 

Local train 

Bus-city/non-

A/c/ A/c 

Auto 

Cab/car in 

city/long dist 

 0.01 

0.019/0.015/0.019 

0.14 

0.24/0.19 

 

Emissions for meeting (acc, food) 10 

Total emissions for attending the meet (add all emissions in right column)  

 

Step 2—Area of WG forest required to sequester your emissions:  The Western Ghats sequesters on average 7.5 T of 

CO2 per hectare per year, i.e., 20 kg per day per ha.  Compute the area.days of WG forest (in ha.days) you require to neutral-

ize your emissions by dividing your CO2 emissions for this trip by 20. 

 

Area.days required to sequester your CO2 emissions (ha.days) = CO2 emissions from last table (kg) 

20 kg.ha
-1

.day
-1

 

 

Step 3—Area of Western Ghat forests required to sequester meet’s emissions:  Total the emissions of all the persons 

who attended the meet and divide by 20 to know how much area of the WG forests are required to neutralize the meetings 

emissions.  Use the same table as immediately above by substituting total emissions of all participants’ in column 1. 

Notes:  
1.  

Please fill the names of your journey origin and destination places.  

2.  
If you alone have travelled by a cab or an auto, please use the emission factor as given.  If you travelled with others, divide 

the emission factor by the total number of persons who have travelled the entire distance with you (exclude the driver). 

3.
  A short haul plane journey is defined as being less than 2000 km.  The Delhi-Coimbatore air distance is 2,000 km and will 

be treated as a long haul flight.  The Hyderabad-Delhi air distance is 1,250 km and will be treated as a short haul flight.  Go 

to www.india9.com to find air distances. To find distances by train, please look at your ticket.  To compute road distances, 

multiply the bus fare you paid by 1.25 times if you have by an A/C bus, 1.0 times if you travelled by a Deluxe bus and 0.6 

times if you travelled by an express bus. 

4.
  These emissions are an under-estimation as they consider only direct fuel expenditure but not the energy consumed to 

make and maintain cars, buses, trains and planes, and the infrastructure and services required for them, i.e., airports, railway 

stations, roads, bridges, communication services, etc.  If the latter were to be factored in, the emissions would be higher.  

 

  

http://www.india9.com/


67 
 

Example 

Journey Transport 

mode 
No of km 

Emission factor 

(kg CO2 per passenger.km) 
Carbon emissions 

(kg CO2 per passenger) 

Home to Delhi airport—2-

way 

Cab 30 0.24 30 x 0.24 x 2 = 14.4 

Delhi to Coimbatore Plane 2000 0.11 220 

Coimbatore to Kotagiri Train (2 A/c) 80 0.022 1.76 

Kotagiri to meeting venue Auto 10 0.14 1.4 

Meeting venue to Bangalore Cab 200 0.19 38 

Bangalore to Delhi Plane 1750 0.14 245 

Emissions for stay in Kotagiri for 3 days + 1 day travel (acc, food) 40 

Total emissions for attending the Kotagiri meet for a 4 day period 560.6 kg ≈ 0.57 T of 

CO2 

WG forest area required for sequestering 560 kg  CO2 = 560 kg/20 kg.ha
-1

.day
-1 

= 28 ha.days = 0.28 km
2
.days 

 

Comparisons:  Annual average per capita emissions in tons in selected countries are as follows: 

North nations  1990  2004  South nations  1990  2004 

USA   19.3  20.6  China   2.1  3.8 

Canada   15.0  20.0  Egypt   1.5  2.3 

Russia   13.4 (1992) 10.6  India   0.8  1.2 

UK   10.0  9.8  Bangladesh  0.1  0.3 

France   6.4  6.0  Ethiopia   0.1  0.1 

Your justification:  India requires 6.6 mill km
2 
of forest to sequester its CO2 emissions, but has only 6.4 lakh km

2
.  Why do 

you feel that your trip emission was worth making this trip? 

This calculator was prepared by Cerana Foundation, Hyderabad Platform and Delhi Platform.  It is based on South Asian 

data.  For any technical help or interpretation of results, please contact ceranafdn@gmail.com or + 91 40.2753 6128. 

 

Discussion 

 

After filling this form, the participants had a lively discussion on the difference in energy consumption 

of using different modes of transport. 

  

mailto:ceranafdn@gmail.com
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Practical 4:  Computing personal energy and Carbon footprint 

 

Input questionnaire 
 

Personal Carbon & Energy Footprint Calculator©                                                                                                                        
 

 

INTRODUCTION 

The Personal Carbon & Energy Footprint Calculator
©

 helps you estimate the carbon emissions and energy con-
sumption arising out of your activities. Emission factors (EF) in this calculator are based on Indian data, except where 
marked *.  Where no Indian data is readily available foreign data has been suitably adapted to suit Indian conditions.  
These emissions/consumption are under-estimations as they consider only your direct energy expenditure but not the en-
ergy consumed to make and maintain cars, buses, trains and planes, and the infrastructure and services required for them, 
i.e., airports, railway stations, roads, bridges, communication services, etc.  If the latter were factored in, emissions would 
be higher. 

 

YOUR PERSONAL DETAILS 
 

Please fill in the following details before you begin: 
 

Name : Email : 

Gender            : Age : 
Occupation : Family size : 
City : State : 

 

YOUR ACTION PLAN 
 

The following table is to be filled out after completion of the carbon footprint calculations. 
 

 How do you plan to reduce the carbon footprints for the following entities?  
 

 What ideas do you have to make carbon footprints more equitable between people in your country and be-
tween people all over the world? 

 
Use extra sheet to note all your suggestions 

 

No. Personal Your 
Neighbor 

Your Neighbor-
hood 

Your Organi-
zation 

Your Vil-
lage/  
Town/ 
City 

Your State/ 
Country 

The 
World 

What are your Ideas 
to make CFP equita-
ble 

1         
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YOUR ENERGY AND CARBON FOOTPRINT 

 
Constituents of your Carbon footprint 

1. POWER CONSUMPTION 2. TRAVEL 3. FOOD 4. HOUSING 

5. CONSUMER DURABLES 6. WASTES 
7. FESTIVAL CELEBRA-

TIONS 
 

 
 

1.0   POWER CONSUMPTION 
 

 What is your average monthly household power consumption in units (kWh):             kWh 
         
 Energy Consumption = Avg monthly power consumption (kWh) x 12 mths =                   kWh/Yr 
     Number of household members 
            
CO2 emissions = Energy consumption x 1.0 kg CO2/kWh =                   kg CO2/Yr 
 
 

2.0   TRAVEL 
 

2.1   Local travel: Please include only personal travel and the travel done to get to workplace and back in your place 

of residence. Please do not include travel undertaken for work, i.e., earning purposes.  Please provide details on 
your travel within the city/town/village limits.  

 
2.1.1 Car:  How many cars do your household use?   car 1  car 2  car 3 

Fuel used—Petrol/diesel  
   
Average monthly fuel consumption (Lit): 
Average occupancy in the car: 
 

           Energy Consumption = 12x{Mthly diesel consmp (L) x 12.52kWh/L+ Mthly petrol consmp (L) x 12.45kWh/L 
      Average occupancy of vehicles  

  
                                                 =               kWh/Yr 
  

CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =                      kg CO2/Yr  
 

 
2.1.2 2-Wheeler: How many 2-wheelers does your household use? 2-W 1  2-W 2  2-W 3 

Fuel used—Petrol/diesel  
   
Average monthly fuel consumption (Lit):  

                Average occupancy in each 2-Wheeler: 
 

            Energy Consumption = 12x{Mthly diesel consmp (L) x 12.52kWh/L+ Mthly petrol consmp (L) x 12.45 kWh/L 
      Average occupancy of vehicles  

  

2         
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                                                 =                kWh/Yr 
 

CO2 emissions = Energy consumption x 0.24 kg CO2/KWh =                      kg CO2/Yr 
 
2.1.3 Bus:  Average distance traveled by you in the bus in a month =  km 
               
              Energy Consumption = 12 x {Mthly distance traveled (km)} x 0.08 kWh/pass•km} =  kWh/Yr 
 
               CO2 emissions = Energy consumption x 0.24 kg CO2/kWh=  kg CO2/Yr 
 
2.1.4 Local train:  Average distance traveled by local train in a month =  km 
 
               Energy consumption = 12 x {Mthly distance traveled (km)} x 0.02 kWh/pass•km} =  kWh/Yr              
               
               CO2 emissions = energy consumption x 0.5 kg CO2/kWh =                           kg CO2/Yr         

 
Note:  To know distance traveled by train, look at your train ticket. 

 
2.1.5      Auto:   
               Average distance traveled by auto in a month =  km 
                Average occupancy in auto =  persons  
                (Note: occupancy can be fraction, e.g., 1.5, if 50% of the trips have been shared with another person) 
               
              Energy Consumption = 12 x {Mthly distance traveled (km)} x 0.58 kWh/pass.km =               kWh/Yr 

    Average occupancy of auto 
              
               CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =  kg CO2/Yr 

 
2.1.6 Cab:   

Average distance traveled by you by car/cab between long distant places in a month =                        km 
                Average occupancy in car/cab =  persons  

(Note: occupancy can be fraction, e.g., 1.5, if 50% of the trips have been shared with another person) 
 
Energy consumption = 12 x {Mthly distance traveled (km)} x 1.0 KWh/pass•km} = kWh/Yr 
                                                                         Average occupancy of auto 
 
CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =  kg CO2/Yr 
      

2.2 Long distance travel:  Please include only personal travel made to meet friends/relatives and travel made for tour-

ism and religious purposes, etc.  Expenses for such travel should have been made from one’s pocket.  Please do 
not include travel undertaken for work. 

 
2.2.1      Car:  How many cars do your household use?   car 1  car 2  car 3 

   
Average monthly fuel consumption (Lit): 
Average occupancy in the car: 

 
  Energy Consumption = 12x{Mthly diesel consmp (L) x 12.52 kWh/L+ Mthly petrol consmp (L) x 12.45 kWh/L 

      Average occupancy of vehicles  
  
                                                 =               kWh/Yr 

    
CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =                      kg CO2/Yr  
 
 

2.2.1 Cab:   
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Average distance traveled by you by car/cab between long distant places in a month =                        km 
                Average occupancy in car/cab =  persons  

(Note: occupancy can be fraction, e.g., 1.5, if 50% of the trips have been shared with another person) 
 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.8 kWh/pass•km} = kWh/Yr 
                                                                         Average occupancy of auto 
 
CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =  kg CO2/Yr 
 

2.2.2 2-Wheeler:   
                Average distance traveled by a 2-wheeler between places and in another place in a month =                    km 

Average occupancy on 2-wheeler =  persons  
(Note: occupancy can be fraction, e.g., 1.5, if 50% of the trips have been shared with another person) 
 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.22 kWh/pass.km} = kWh/Yr 
                      Average occupancy of auto 
 
CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =  kg CO2/Yr 

    
2.2.3 Bus:   

Average distance traveled by you between places and in another place in a non-A/c bus in a month =          kms 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.063 kWh/pass•km} =               kWh/Yr 
 
CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =  kg CO2/Yr 
 
Average distance traveled by you between places in an A/c bus in a month =              kms 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.08 kWh/pass•km} = kWh/Yr 

                
               CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =  kg CO2/Yr 
  
                Note:  To compute road distances, multiply the bus fare you paid by 1.25 times if you have by an A/C bus, 1.0 
 times if you traveled by a Deluxe bus and 0.6 times if you traveled by an express bus. 

 
2.2.4 Train:   

Travel by sitting class & local trains in other cities—Average distance traveled in a month =       km 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.02 kWh/pass•km} = kWh/Yr 
CO2 emission = Energy consumption x 0.5 Kg CO2/KWh =                kg CO2/Yr 
 
Travel by sleeper class & AC chair car in other cities—Average distance traveled in a month =       km 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.03 kWh/pass•km} = kWh/Yr 
CO2 emission = Energy consumption x 0.5 Kg CO2/KWh =                kg CO2/Yr 
 
Travel by 3 A/c  class— Average distance traveled in a month =        km 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.035 kWh/pass•km} = kWh/Yr 
CO2 emission = Energy consumption x 0.5 kg CO2/kWh =  kg CO2/Yr 
 
Travel by 2 A/c class— Average distance traveled in a month =        km 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.045 kWh/pass•km} = kWh/Yr 
CO2 emission = Energy consumption x 0.5 kg CO2/kWh =  kg CO2/Yr 
 
Travel by 1 A/c class— Average distance traveled in a month =        km 
Energy consumption = 12 x {Mthly distance traveled (km)} x 0.12 KWh/pass•km} =  kWh/Yr 
CO2 emission = Energy consumption x 0.5 kg CO2/kWh =   kg CO2/Yr 
 
Note:  To know distance traveled by train, look at your train ticket. 
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2.2.5 Auto:    
              Average distance traveled by auto in a month =  km 
                Average occupancy in auto =  persons  
                (Note: occupancy can be fraction, e.g., 1.5, if 50% of the trips have been shared with another person) 
               
              Energy Consumption = 12 x {Mthly distance traveled (km)} x 0.58 kWh/pass.km =                kWh/Yr 

    Average occupancy of auto 
              
              CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =  kg CO2/Yr 
 
2.2.6 Plane:   

Total distance traveled by short haul (<2,000 km) flights in the last 12 months =          km 
Energy Consumption = Total distance traveled (km) in last 12 mths x 0.47 kWh/pass.km} = kWh/Yr  
CO2 emission = Energy consumption x 0.24 kg CO2/kWh =    kg CO2/Yr 

 
Total distance traveled by long haul (>2,000 km) flights in the last 12 months =                km 
Energy Consumption = Total distance traveled (km) in last 12 mths x 0.38 Kwh/pass.km} = kWh/Yr 
CO2 emission = Energy consumption x 0.24 kg CO2/kWh =    kg CO2/Yr 

 
                Total travel emissions =    kg CO2/Yr (add all travel emissions computed in 2.1 & 2.2 above) 
 
 

3.0 FOOD 
 

3.1 Cooking energy 
 

3.1.1 Gas:   
                How long does your LPG cylinder last on average?          Months 
                Number of gas cylinders used in the last year=                (Note: You may enter a fraction, e.g. 4.5) 
                Weight of gas in your gas cylinder=             kg        (Note:  Most gas cylinders in India have 14.7 kg) 
                Weight of gas used in the last year by your household = No. of gas cylinders used last Yr x gas cylinder weight 
 (kg) =               kg 
 

Energy consumption = Weight of gas used last year (kg) x 16.0 kWh/kg gas =  kWh/Yr   
                                                Number of persons in household  

 
CO2 emissions = Energy consumption x 0.22 kg CO2/kWh =   kg CO2/Yr    

            
3.1.2 Kerosene:  How many liters do you use a month?           Lit.    No of liters/Yr = Lit per mth x 12 =   Lit 
                
              Energy consumption = No of liters of kerosene used last year x 12.52 kWh/Lit kerosene =              kWh/Yr    
                  Number of persons in household 
  
                CO2 emissions = Energy consumption x 0.24 kg CO2/kWh =   kg CO2/Yr    
 
3.1.3 Coal:  How much coal do you use in a month?        kg             Amount of coal used last year =        kg 
 
               Energy consumption = Amount of coal used last year (kg) x 3.68 kWh/kg coal =     kWh/Yr    
     Number of persons in household 
 
 CO2 emissions = Energy consumption x 0.48 kg CO2/kWh =  kg CO2/Yr    
 
3.1.4 Firewood:  How much do you use in a month?        kg           Amt of firewood used last year =      kg 
  

Energy consumption = Amount of firewood used last year (kg) x 5.12 kWh/Kg firewood =          kWh/Yr    
     Number of persons in household 
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CO2 emissions = Energy consumption x 0.42 kg CO2/KWh =        kg CO2/Yr    

 

3.2 Food items:  Estimate monthly consumption of the following food items consumed in your household and com-

pute their annual consumption. 
 
 

Food item Monthly 
consump-

tion for 
household 

(kg) 

Annual 
consump

sump-
tion (kg) 

Energy con-
tent (EC) 
(kWh/kg 

item) 

Carbon 
Emission 

factor* (EF) 
(kg CO2/kg 

item) 

Energy con-
sumption = 
Annual con-

sumption x EC 
(kWh) 

Carbon Emissions 
= Annual con-
sumption x EF  

(kg CO2) 

Cereals (rice, wheat)   4.27 0.5   

Pulses   4.027 0.25   

Edible oil   10.27 1.75   

Dairy    0.625 0.5   

Fish/Eggs   1.94 1.5   

Red Meat   3.89 1.5   

Poultry   2.5 1.5   

Vegetables/fruit   0.83 0.75   

Sugar/spices   4.47 0.4   

Total CO2 emissions    

  
Energy consumption for food items = Total annual energy consumption on food items for household =    kWh/Yr 

No of persons in household 
 
CO2 emissions for food items = Total annual CO2 emissions on food items for household =           kg CO2/Yr 

No of persons in household 
 

Total energy consumption for food = Total of CO2 emissions computed in 3.1 + 3.2 (above) =         kWh/Yr 
 
Total CO2 emissions for food = Total of CO2 emissions computed in 3.1 + 3.2 (above) =                   kg CO2/Yr 

 
 

4.0 HOUSING 
 

What is the floor space of your home?              ft
2
 

 
4.1 Cement-concrete housing:  Energy consumption = Home area (sq ft) x 3.5 kWh/ ft

2
 per Yr =        kWh/Yr 

                         Number of persons in household 
               
               CO2 emissions = Energy consumption x 0.48 kg CO2/kWh =                   kg CO2/Yr 
        
  
4.2 Slum housing:  Energy consumption =  Home area (sq ft) x 0.75 kWh/ ft

2
 per Yr =        kWh/Yr 

               Number of persons in household 
             
         
              CO2 emissions = Energy consumption x 0.48 kg CO2/kWh =                   kg CO2/Yr 
 
 
4.3 Rural mud housing:  Energy consumption = Home area (sq ft) x 0.15 kWh/ft

2
 per Yr =         kWh/Yr 

            Number of persons in household 
               
               CO2 emissions = Energy consumption x 0.48 kg CO2/kWh =                   kg CO2/Yr 
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5.0 CONSUMER DURABLES 
 

Which of the following consumer durable items do you have and how many of them: 
 

1 
Item 

Embodied Energy 
(EE) 

4 
Nos 

5 Energy 
 consumption = EE x 

Nos (kWh/Yr) 
(col 3 x col 4) 

6  
Emission Fac-

tors (EF) 
(kg CO2/Yr) 

7 Carbon emissions 
= EF x Nos  
(kg CO2/Yr) 

(col 4 x col 6) 

2 
(watts) 

3 
(kWh/Yr) 

Cooking stoves 10.7 90   52  

Cookware 0.8 7   0.46  

Refrigerators 12 100   58  

Microwave ovens 4.8 40   23  

Dishwasher 1.4 11   6  

Ovens 7.4 60   35  

Rice cooker 1.8 15   9  

Washing machines 9 80   46  

Books 0.2 2   2  

Trousers 1.2 11   11  

Shorts/shirts 0.53 4.5   5  

Underwear/socks 0.15 1.3   1  

Shoes 1.15 10   10  

Slippers 0.55 5   2  

Music systems 3.3 29   17  

iPods 0.45 4.7   5  

Desktop computers 13.6 118   68  

Laptop computers 7.73 67   20  

DVD players 6.3 55   4  

Cameras 4.8 42   42  

Mobiles 6.7 59   17  

Telephones 0.37 3.1   0.6  

TVs (CRT) 53 235   68  

TVs (LCD/plasma) 33 145   42  

Double beds 5 44   10  

Single beds 2.5 22   5  

Dining tables 2 13.4   3  

Tables 0.23 1.5   0.3  

Sofas 9 74   15  

Chairs 0.25 2   0.4  

Bookshelves/ cupboards 0.6 4.5   1  

Watch 0.5 4   0.26  

A/c 8.4 70   41  

Coolers 2.3 20   12  

Geysers 1.6 14   8  

Cars 138 1206   700  

2-wheelers 18 155   10  

Cycles 8 69   40  

Energy consumption/ Carbon 
emission per annum 

      

 
Per capita Energy Consumption of consumer durables = Total annual energy consumption =                     kWh/Yr 
                    No of persons in household 

 
Per capita CO2 emissions due to consumer durables = Total annual emissions for household =                kg CO2/Yr 
                   No of persons in household 

 



75 
 

6.0 WASTES 
 

 Energy consumed here in only during the process of waste disposal.  (It is assumed that disposal is made by a 5 ton 
truck that consumes 10.57 kWh/l.  Mileage of truck 12 km/l and distance of garbage site is 20 km. Therefore, Ener-
gy consumed per kg of waste = 0.003 kWh/kg) 

 
6.1 Without recycling 

Item Quantity generated per 
month not recycled 

(kg/month) 

Emission Factor 
(kg CO2/ kg item) 

Total emissions (kg CO2) 
= kg CO2/month x 12 months 

Organic kitchen waste  0.9  

Paper + cardboard  2.5  

Glass  1.25  

Plastic  6.25  

Steel  2.0  

Aluminum  12.0  

Rubber + leather  3.5  

Total  

 
CO2 emissions = Total emissions from wastes without recycling =             kg CO2/Yr 
              Number of persons in household 
 
With recycling 

Item Quantity generated per 
month recycled (kg/month) 

Emission Factor* 
(kg CO2/ kg item) 

Emissions (Kg CO2) 
= kg CO2/Month x 12 months 

Paper + cardboard  1.0  

Glass  0.5  

Plastic  3.0  

Steel  1.0  

Aluminum  3.0  

Rubber + leather  2.0  

Total  

 
CO2 emissions = Total emissions from wastes with recycling =     kg CO2/Yr 
              Number of persons in household 
 
Total CO2 emissions = Total of CO2 emissions computed in 6.1 + 6.2 (above) =  kg CO2/Yr 
  
 

7.0 FESTIVALS 
 

7.1 Ganesh Chaturthi 
 
7.1.1 Home Ganesh puja: This computation may be done if you have participated in a Ganesh puja in your home. 
                Height of Ganesh =            m    
 

CO2 emissions = Height of Ganesh idol (m) x 150 kg CO2/m    =    kg CO2/Yr 
               No of persons who participated in home puja 
 
7.1.2 Community Ganesh puja:  You may have participated in a community Ganesh puja where your community in-

stalled a community Ganesh in your neighborhoods.  If you made a cash or kind contribution towards it, please do 
the following computations. 
Number of persons in your community who contributed in cash or kind for the community Ganesh puja =     per-
sons 
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7.1.2.1 Emissions from making idol:   Height of Ganesh =            m  
  
 

CO2 emissions = Height of Ganesh idol (m) x 150 kg CO2/m    =    kg CO2/Yr 
   No of persons who participated in home puja 
 
7.1.2.2 Emissions from energy expenditures made for organizing puja by the community: 

 

a) Power: 

Item Nos Wattage No of Hrs during entire 
puja period item used 

Energy con-
sumption 

(kWh) 

CO2 emissions = Energy consump-
tion (kWh) x 1 kg CO2/kWh 

PA system  ≈1-2kWh        

Bulbs 
Focus bulbs >100 W 
Othr bulbs-100, ... W 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

Other electrical ap-
pliances 

     

Total CO2 emissions due to power consumption by appliances  

 

b)  Diesel:   
1.   CO2 emissions for carrying idol to immersion place.  Distance to immersion place:       km  

 
CO2 emissions for transporting idol to immersion place = Dist to immersion place (Km) x 1 kg CO2/km  

                                                                                                     =             kg CO2/Yr 
   
2.   If a diesel generator set was used either at the pandal and/or while carrying the idol to the immersion place:                                              
Diesel used during puja period =          Lit 

 
CO2 emissions for other diesel consumption = Diesel used (L) x 3.1 kg CO2/L =                kg CO2/Yr 

 

c)  Pandal:  CO2 emissions for use of pandal and other misl arrangements = 100 Kg CO2 
  

Your CO2 emissions for participating in community Ganesh puja = Σ Emissions A+B1+B2+C =                  kg CO2/Yr
                                      No of persons in comm puja 

 
Your CO2 emissions for participating in home + community Ganesh puja = Emissions in 7.1.1 + 7.1.2 + 7.1.3 

                                  =                            kg CO2/Yr 
 
 
8.0 
 
 
 
 
 
 
 
 
 

YOUR CARBON FOOTPRINT= Total of 

CO2 emissions in 1.0 through 7.0 

 =          kg CO2/Yr 

 

YOUR ENERGY FOOTPRINT = Total of Energy con-

sumption in 1.0 through 6.0 

=                                  kWh/Yr  
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Percent of your carbon footprint contributed by 

Power Travel Food Housing Consumer 
durables 

Wastes Festivals 

% % % % % % % 

 

Percent of your energy footprint contributed by 

Power Travel Food Housing Consumer 
durables 

Wastes 

% % % % % % 

 
 

9.0        FOREST AREA REQUIRED FOR SEQUESTERING YOUR EMISSIONS:   The Western Ghats sequesters on 

average 7.5 T of CO2 per hectare per year, i.e., 20 kg per day per ha.  Compute the area•days of WG forest (in ha• 
days) you require to neutralize your emissions by dividing your CO2 emissions 20. 
 
Area.days required to sequester your CO2 emissions (ha•days) = Total CO2 emissions (kg) =       Ha.days 

                                                                                                                                        20 kg•ha
-1

•day
-1 

 

 

10.0       COMPARISONS:  Annual average per capita CO2 emissions (T) in selected countries were as follows:  These fig-

ures would look different, particularly for North countries, if emissions imports/ exports were included. 
 

NORTH NATIONS 1994 2004 

USA 19.3 20.6 

CANADA 15.0 20.0 

RUSSIA 13.4(1992) 10.6 

UK 10.0 9.8 

FRANCE 6.4 6.0 

 
NOTES 

 
Multiples 

 
 Kilo K 10

3   
Mega M 10

6
   Giga G 10

9
 

 Tera T 10
12

   Peta P 10
15

   Exa E 10
18

 
 Zeta Z 10

21
   Yota Y 10

24
 

 
 Energy conversion 
 
 1 kWh (kilo Watt hour = 3.6 MJ (Mega joule)    1 Kcal (Kilo calorie) = 4.2 KJ (Kilo joule) 

1 toe (tonne of oil equivalent) = 42 GJ (Giga joule)   1 toe (tonne of coal equivalent) = 29.3 GJ 
  

Power conversion 
 
1 W (watt) = 1 J/sec      1 hp (Horse power) = 745.7 W 
 
Energy content of fuels 
 
Hydrogen  120-42 Mj/kg  Methane  50-55 MJ/kg  Propane   45-50 MJ/kg 
Gasoline  42-47 MJ/kg  Diesel  42-46 MJ/kg  Crude oil  40-44 MJ/kg 
Liquefied natural gas  49-54 MJ/kg Anthracite  29-31 MJ/kg  Ethanol  28-30 MJ/kg 
Bituminous coal  28-29 MJ/kg Coke  27-28 MJ/kg  Steam coal  19-24 MJ/kg 
Lignites  8-20 MJ/kg  Wood 12-15 MJ/kg  Crop residue  10-16 MJ/kg 
Dung air dried 7-12 MJ-kg 

SOUTH NATIONS 1994 2004 

CHINA 2.1 3.8 

EGYPT 1.5 2.3 

INDIA 0.8 1.2 

BANGLADESH 0.1 0.3 

ETHIOPIA 0.1 0.1 



78 
 

 
Embodied energy (MJ/kg) 
 
Aluminum  190-230 Bricks  2-5  Cement  5-9  Ceramics  3-7 
Concrete  1-3  Copper  60-150  Explosives  10-70  Glass  15-30 
Gravel  <0.1  Hydrogen  190-250 Iron  20-25  Lead  30-50 
Lime 10-12  Newsprint  8-10  Oxygen 6-14  Nitrogen  2 
Paint 90-100  Paper packaging  10-15 Paper hi qlty 25-35  Polythene 75-115 
Poly vinyl chloride 75-100 Sand <0.1  Silicon 1400-4100 Steel ordy 20-25 
Special steels 30-60 Stone  <1  Sulphuric acid  2-3 Timber  1-3 
Titanium  900-1000 Water <0.01     

 
This calculator was prepared by Cerana Foundation, Hyderabad Platform and Delhi Platform.  It is based on South Asian 

data.  For any technical help or interpretation of results, please contact ceranafdn@gmail.com or + 91 40.2753 6128. 

 
Discussion 

 

Filling this detailed questionnaire made the participants reflect on their energy consumption pattern and 

quantities and how this could be reduced was discussed. 

  

mailto:ceranafdn@gmail.com
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Follow-up programme 
 
A discussion on the follow-up programme that this group could take led to the following plan of action: 

  

•Group been formed and with consensus named “Peak Oil India”  

•Website for the group to be created and registered.  

•Pranit will take care the registration of the website.  

•Structure and design for the website will be done by Sajai.  

•Domain registration and operational cost to be contributed by the group members.  

•Vijayendra will forward the list of participant who will be the group members for “Peak Oil India”  

•Co-coordinator for the “Peak Oil India” will be Manish Shah and his back up would be Sujatha 

Awasthi.  

•Public Relations will be handled by Sajeed Hussain  

•Sagar Dhara will be writing two papers on Peak Oil.  

 

Task completed  

 

•Domain Registration completed  

•Host registration will be done after structure designing of website will be completed.  

•Official Mail id for Peak Oil India created and will be “ peakoilindia@gmail.com"  

•Participant list with contact nos., and email id’s been circulated by Vijayendra  
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Movies screened in the workshop 

 
1.  Home 

2.  Dreams—Village of water mills 

3.  Waste management in Vellore 

4.  The power of community 

5.  The story of oil 

6.  Kalasi kattuga 
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Material distributed at the workshop 
 
Each participant was given the following material: 

 

Book 

 

Regaining Paradise: towards a fossil fuel free society By T. Vijayendra 

 

Booklets 

 

Yugant by T. Vijyendra 

Peak Oil Primer 

Global Warming by Nagraj Adve 

Cuba without isms By T. Vijayendra 

 

Articles 

 

Sustainable development – an oxymoron By Sagar Dhara 

Human interference with C cycle By Sagar Dhara 

 

DVD 

 

Containing: 

 

Movies and videos 

Power point presentations made in the workshop 

Books 

Articles 
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Annex 1:  List of Participants of the workshop 

 

No Name Vocation Email Id Contact Number 

1 Sajai Jose Journalist sajaijose@gmail.com 08147960489 

2 Sajid Hussain Banker Sajeedno1@gmail.com 09703444001 

3 Manish Shah Banker shahji.hsbc@gmail.com 08886510099 

4 Yogesh Student Svanandk2@gmail.com 09527178538 

5 M. Krishna Gourav Activist gouravmeka@gmail.com 09032094492 

6 G. Renuka Devi School teacher renukakvs@gmail.com 09912236889 

7 Mansoor Khan Writer acreswildfarm@gmail.com 09443232621 

8 T. Vijayendra Writer t.vijayendra@gmail.com 09490705634 

9 Suchitha Awasthi NGO worker Suchitha.awasthi@wotr.org.in 09975000904 

10 K.V.S.S.R. Yesaswini Climate activist yeshkomaragiri@gmail.com 09703976034 

11 Sagar Dhara Engineer sagdhara@gmail.com 040-27536593 

12 B. Sandeep Climate activist Sandeep.79bajjuri@gmail.com 09550025123 

13 Vinay Bandari Climate activist Vinaybandari43@gmail.com 07799047312 

14 Shailender Joseph Student Shailender.joseph@gmail.com 09912236889 

15 M. Krishna NGO worker  09912135293 

16 T. Surender NGO worker Tsurender025@gmail.com 09848049247 

17 G. Ramakrishna Student Ramarao1973@yahoo.com 09908553001 

18 T. Radhika NGC worker radhikat@gmail.com 07702422585 

19 Sarath Chandra Engineer Sarath.iitr@gmail.com 09959826665 

20 Sai Pranit Banker Sai_pranit@hotmail.com 09704124441 

21 Mohan Parjane College teacher mparjane@rediff.com 09561679985 

22 V. Sharath Babu NGC worker v.s.babu.prince@gmail.com 09494782326 

23 Shree Kumar University professor shreeudp@gmail.com 09480346081 

24 Rahul Law student rahulinvince@gmail.com 09030032871 

25 Arunank Student Arunank.elukaturi@gmail.com 08143916151 

26 Suyodh Rao Economist suyodh@yahoo.com 07799754445 
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